Organic Chemistry-
Some Basic
Principles and
Techmques-

The c:osmeﬂcs industry is a proﬁtab!e bmndl of organic chemistry. Chemists study how
the skin changes in response to metabolic and environmental factors, develop products
to address skin problems and improve the beauty and investigate how cosmetics interact
with the skin and other products.
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SOME BASIC PRINCIPLES
AND TECHNIQUES

- TOPIC 1
INTRODUCTION TO ORGANIC CHEMISTRY

Organic compounds are rmportant for the survival of
life on the Earth and contain complex molecules such
as genetic information-carrying deoxynbonucleic aad
(DNA) and proteins. which are key components of our
blood. musdes and skin. Organic compounds can
be found in o variety of products. mcluding clothes
fuels. polumers dyes and pharmaoceuticals. These are

gome of the most important opplicationa for these
chemicals.

Orgonic chemistry ie a nearly two-hundred-year-
old science. Chemists began to distinguish between

orgonic molecules denved from plonts and animals
and inorgonic compounds denved from maneral
sources around the year 1780. Berzebus. o Swedish
chemist. bebieved that organic molecules were formed
by o ‘life force’ This theory wos debunked in 1828,
when F. Wohler synthesised an organic chemicaol ureo.
from an inorganic substance ammonium cyanate.

NH ONO —22%_, NH,00NH,

The discovery of the electronic theory of covalent
bonding ushered in the modern era of organic
chemistry.

- TOPIC 2
CLASSIFICATION OF ORGANIC COMPOUNDS

Organic Compounds

T

v

Acyclic or open chain or aliphotic
compounds

Qyclic compounds

Eg. CH,-CH,—CH, (propane)

v

Homoaoyclic compounds

[
v v

Heterocyclic compounds
3
(Alicyclic compounds Aromaotc compounds

Ea. Eg. (2N

Alicyclic Campounds or Araomatic
carpbocylic compounds
Eg. /CQ T
H." : c’]_".?

Cyclopropane

B e

Non-Benzenoid compounds also

Benzenoid compounds or aromatuc
p
Eg. homoaoycEc

OH
O Phenol

aromatc homocuydlic

Eg.

Azulene

Classification of Organic Compounds




Acyclic or Open Chain Compounds

These compounds. oalso lmown os aliphotic
compounds. are made up of straight or branched
chaoin compounds For example.

CH3-CH-CH4
propane

Alicyclic or Closed Chain or Ring
Compounds

Abayclic (aliphatic ayclic) compounds are made up
of carbon atoms arranged in o ring (homocydic)

Other otoms besides carbon are lcnown to occcur in
the ning (heterocycic) Some of &s characteristics

are comparable to those of aliphatic compounds. For
example. qyclobutane and furan

Aromatic Compounds

Asomaotic compounds are a group of compounds.

Benzene and other similor ring compounds are
examples of this (benzenoid). Aromatic compounds.
[Ece alicyclic compounds. moy hove o heteroatom in
the nng These are lmown as heterocyclic aromatic

compounds

uﬁ/\} important
-

For aromatic compounds. thres conditions should be
follovwed:

(1) It ehoud be cyclic and plonar.

(Z2) The n-elecrons should be delocalized over the ring

(3) It ehould llow Hudtels Rule (4n + 2z rule )

"TOPIC3
FUNCTIONAL GROUPS AND HOMOLOGOUS SERIES

Organic compounds caon also be divided into fomilies
or homologous eeries bosed on thewr functionol

groups

The functionol group & an aotom or group of atoms
that are connected in o certain way and are
responsible for the wnigue chemicol properties of
organic molecules Examples include the hydroxyl

group (—OH). aldehyde group (HCHO) and carbaxylic

A homologous series is formed by o group or senes
of organic compounds. each of which contoing a

distmctive functional group. The members of the

seres are referred to as homologues. A homologous
series members oan be represented by a general
moleculor formulo. while the subsegquent members
differ in the molecular formulo by a—CH> unit. Several
homologous sequences of argonic compounds exdst
These mclude olkanes olkenes. alanes. holoalanes.

acid group (HCOOH). among others alkanols alkanols and olkanonesa
Class General Example Common Name Common Suffix/Prefix
Formula __ (Systematic) (Systematic)
Hydrocarbons

| Alkones RH HyOHy ethane -ane

Alkenes RRC =CKR" H-C = H, ethylene (ethene) -Ene

Alkynes CR=CKR H= acetuylene (ethune) -yme

Arenes ArH® @ ‘ benzene -ETE

Haologen-Containing Compounds
Allayl holides RX HyH A ethyl chloride holide (halo-)
| (chloroethane)
Aryl holides ArXx® QD‘ chlorobenzene (i




Oxygen-Containing Compounds
Alcohols ROH"® H,H,0H ethyl alcohol -ad
(ethanol)
Phenols ArOH® Q OH phenol phenol
Ethers ROR H3CH,CO0CH ;(H3 dE=thyl ether ether
i
Aldehydes RCHO aHCH acetaldehude -aldehyde (-al)
"-i' ocetone -one
Ketones RRC=0 OH,CCH, (2-propanone)
Carboxylic RCO-;H 0 acetic aad (ethanaoic -ic aad (~oic aad)
oods Il acd)
CH,COH
Carboxylic Add Derivaties
E‘ methyl acetate
Estems RCOOFR CH,000H, (methuyl -ate (-oate)
ethanoate)
i
Arnides ROONHF CH,ONHCH, N-methylacetamide -amide
Nitrogen-Containing Compounds
Amines RNH5, RNHF. (HyCH,yNH, ethylomine -Qrmine
Nitriles RC=N H4OC=N ocetonitrile -nitrée
Nitro ArNO;° Q NO, nitrobenzene matro-
compounds

°R indicotes an allal group PAr indicotes an aryl group

Example 1.3: Draw formulas for the first five
members of eoch homologous series beglnning

with the following compounds:

(A) H-OOOH
(B) CH,COCH,
(O H-CH =CH,

Ans. The first five members of each homologous
series beginning with the given comnpounds are

(A) H-OOOH: Methanoic acid
CH+—-0O00H: Ethanoic oad
CH4+—CH~000H: Propanoic aad
CH+~CH-COH~000H: Butonoic aad
CH+-CHH~HA000H: Pentanoic aad
(B) CH4COCHy: Propanone
CH40COCH,(H4y: Butanone
CH4yCOCH,CH,;(Hy- Pentan-2-ane

CH400CHCH,CHyCHy Hexan-2-one
CH4y00CHCH4,CH 3 CH,(H 5 Heptan-2-one

(C) H-CH=CH+ Ethene
CHy-CH=CH;: Propene
H4-CH—CH=CH4: 1-Butene
HyCHH—CH=CH;: 1-Pentene
H4—CHH—CH—H=CH;y: 1-Hexene
Exaomple 1.4: Case Based:

Based on their functional groups. arganic compounds
can also be classthed into families of haomologous
series. Among these are the hydroxyl group (-OH).
aldehyde group (HCHO) and carboxylic acid graup
(CO0H). A homalogous series is made up of a group
or series of arganic compounds, each with a distinct
functional group. The series’ members are referred
to as homologues. Members of a homaologous series
can be represented by a general molecular formula,
while subseguent members differ by a -COH; unit in
the molecular formula. There are several homologous
sequences of arganic compounds.
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Which is not o condensed structurol formula?
(a) CH;CH; (b) H,C=CH,

{E} H;C—CH; (d) (:H:;G'H

The maximum number of carbon atoms
arranged Llinearly in the  molecule,
CH;-C = C-CH=CH; is:

(o) 6 (b) 4

(c) 2 (d 7

What are functional groups?

Clossify the compound based on the presence
of a functional group.
CH, o)
o, T
C =
H,C/ \\C/(}I‘\C/ \\(I':I/C\DH
HJ HJ I
CH,
Assertion (Ax The members of a
homologous series are as
follows:
CH,COO0H, CH,CH,COO0H,
CH,CH,CH,CO0H,
CH,CH,CH,CH,COO0OH

Reason (R): A homologous series is a

group of compounds that

share the some functionaol

group but differ by - CH; unit.

() Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explonation of (A).

(c) (A)is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) () HsC-CH;

Bplanation: In H,C-(Hy all the atoms

are arranged and bonded together in o
molecular formulo of a chemical compound.
Butin the condensed formulo. structural can
be further eimplified by eliminating eome or
oll of the dashes signifying covalent bonds

and by using o subscript to indicate the
number of identical groups linked to an
atom.

®) (02
Bxplanation: Triple (-) bonded carbons are
arranged Lnearly.

(C) The functionol group is an atom or group of

otoms that are connected in a epeafic way
and are responsible for orgonic molecules’

unique chemical properties.

(D) Carboxylic Aad
Bglanation: IUPAC name: 2. S-domethyl
octanoic ood.

(E) (o) Both (A) and (R) are ue and (R) = the
correct explanation of (A).
Bxplanation: All the compounds mentoned
belong to o homologous ceries as they
hove the same functional group —-COOH.
and differ by -CH; unit A homologous
geries is 0 group of compounds that hove
similor chemical properties and the same
functional group but differ from one anather
bg a —CHJ LIt

(0 BJECTIVE Type Questions)

[T mark ]

Multiple Choice Questions

1. The valency of carbon is:

(@1 (b) 2
© 3 d 4
Ans. (d) 4

Explanation: Caorbon = tewovalent as it can
form four bonds.

Z.The general moleculor formula, which
represents the homologous series of allcanols
is:

(@) GH2,,20
(c) GH2,0

(b) C,H3,0,
(d) C,Hz,,10

Ans. (@) GHz,,70

BExplanation: In the IUPAC system. monohydric
alcohols are referred to as alkanols and hove
the general formulo C H»,,50.

9. Identify the condensed formulo of ethane
from the following.

(a) CH3CH,

(b) HyC-CH,-CH,
() CH;=CH;

(d) CHy-CH=CH;

Ans. (@) CHy(Hy

Explanation: In the condensed formula. oll the
atoms are represented but single bonds are

not shown. Only double and triple bonds wall
be represented. CH; = CH;, is not ethane: it is
ethene

£. Which of the following is not an example of
ocyclic compound?

(o) Acetaldehyde
(c) Cyclobutane

(b) Ethane
(d) lscbutane



Ans. (c) Cyclobutane

Explanationr Among the given optons
cyclobutane & not an open-chaoin compound
rather it hos o nng stucture. Thus. it is not an

acyclic compound.

5. Which of the following species haos six
m conjugated electrons?[Delhi Gov. QB 2022]
@ 2

(b) CH, = CH- CH =CH - CH;
(©) RN

=
N

(d) All of the above
Ans. (d) All of the above

Explanotion: All these contain (o) 6=-elecuon
system.

@ Related Theory

= Benrenold and non-benzenoid compounds are that
benzenold compounds contamn at least one benzene
ring in the molecule whereas non-benzenold
compounds have no benzene rings Both benzenold

and mnon-benzenold compounds are aromatic
compoLunds

@. Electronegativity of carbon atome depends

upon their state of hybridisotion. In which of
the following compounds, the corbon marlked

with an asterisk is maost electronegative?

(@) CHy - CH; - *CH; - CH;

(b) CHy - *CH = CH - CH;

(c) CHy - CH; -C="CH

(d) CHy - CH; - CH = °CH;

[NCERT Exemplar]

Ans. (c) CH3-CH; -C="CH

Explanation: s-character o« electronegotivity

Hence the higher the s-character in the
hybridisoton of the C-atom. the higher will be

the electronegotivitu.

In CH3 — CH; — "CH, -(Ha. °Cis sp° hybridised.
25% s-chaoracter.

In CH3 — "CH = CH - CH. *C is 5p? hybridized.
33.3% s-character.

InCH3-(CH;-C="CH. "Ci= 5p hubridised. S0%
s-character.

In CH3 — CH; — CH = "CH,, °C is sp? hybridized.
33 3% s-choracter.

Thus, highest s-choracter and highest
electronegotivity is of CHy - CH, -C="CHL

7. Which of the following compounds
contoin all the carbon atomne in the some
hybridisation state?

(@ H-C=C-C=C-H

(b) CHy-C=C-CH,4

(c) CH; =C=CH,;

(d CH;=CH-C=CH
Ans. () H-C=C-C=C-H

Explanation: In option (o). all 4-carbon atoms
are sp-hybridiged.

Assertion-Reason (A-R)

In the following question no. (B-9) o statement
of assertion followed by a statement of reason

is given. Choose the correct answer out of the
following choice.

(a) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

8. Assertion (A): In H;C = C = CH;, all of

the carbon atoms are sp?
hybridised.

All of the carbon atoms in
this molecule are Llinked
together by double bonds.

Ans. (d) (A) is folse but (R) is rue
= = =

Explonation: CH, =C=CH,
All are bonded by double bonds

Reason (R):

9. Assertion (A): Butane and  2-methyl

butone are honmologous.

Reason (R): Butone is a straight-choin
alopne  while 2-methyl
butone is a branched-choin

alkane.

Ans. (b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

Explanation: Butane and 2-methylbutane are
homologous as they differ by a -OH; group.

@ Related Theory

= A hamologouz serlec = formed by a group or seitss
of organic compounds. each of which contains a
distinctne fimctional group. The members of the
serles are reférred to as homologous. A homologous
ceniee” membere can be represented by a general
meolecular formula while the subsequent members
difer in the moleculor formulo by a —CH; unit



(CASE BASED Questions (CBQSD

[ & & 5 marks ]

Read the following paossaoges and answer the
questions that follow:

(a) Homocyclic aliphatic compound

10. Alicydic compounds (oliphatic cyclic) are

mode up of carbon atoms arranged in a
ring (homocydic) Other atoms than carbon
are lmown to ewast in the ring (heterocyclic)
A heterocyclic compound &= an organic
compound in which one or mare of the carbon
atoms in the boddbone of the molecule has

been replaced by an atom other than carbon
Some of its properties are similar o those of

agliphatic compounds. Aromatic compounds
cre a closs of chemicals Bwmples include
benzene and other similar ring compounds
(benzenoid) Benzenoid compounds contain
at leost one benzene ring in the molecule
whereos non benzenoid compounds hove no
benzene rings Aromatic compounds can also
howve a heteroatom o the nng This type of
compound is known as a heterocyclic aromatic
compound.

OH

(A) is an example of:

(o) Aliphatic cyclic compound
(b) Aromatic compound
(c) Straight choin compound
(d) Branched compound
(B8) Which of the following is o non-benzenoid
aromaotic compound?
(o) Anthracene
(b) Cyclohexane
(c) Naphthalene
(d) Tropolone
(O Identify the pair of heterocyclic aromatic
compounds.
(o) Benzene, Furan
(b) Furan, Pyridine
(c) Phenonthrene, Pyran
(d) Cyclohexane, Benzene

(D) The given structure can be clossified as:

O
HO

(b) Heterocyclic aromatic compound

(c) Benzenold aromatic compound

(d) Non- benzenold aromatic compound
(E) What is the hybridisotion of carbon in

benzene?

(o) sp?

(b) sp

(c) sp®

(d) Not knowm

Ans. (A) (g) Aliphatic cydric compound

Explanation: An alicycic compound &
a ayclic organic compound that is also
aliphatic. They hove one or maore all-carbon
rings that can be saturated or unsaturated
but do mot hove aromatic properties.

Abcuclic compounds maoy contoin ane or
more abphatic side chaina

B) (d) Tropolone
Explonation: The pnmaory distinctbon
between benzenoid and non-benzenoid
compounds iz that benzenoid compounds
hove at lesst one benzene ring mn the
molecule. whereas non-benzenaoid
compounds do not

(O (b) Furan. Pyridme

Explonation: Examples of heterocyclic
aromatic compounds are furan and puridine
Due to the presence of non-localised lone
pair. Furan is an aromatic compound with
the oxygen lone pair participotng in the
s-electron system to satisfy Huckels rule.
4n + 2 (n = 1) electrons. Pyndine is o cyclic.
conjugated compound with three r-bonds.
The molecule has six =-electrons. which = o
Hudel number and it is aromatic

(D) (d) Non-benzenoid aromatic compound

Explanation: Non-benzenoid compounds

hove no benzene rings in their sructure but
they follow the Huckel rule.

© (o) sp°
Explonation: The benzene hybridisation &=
soid o be of the sp? type. Benzene is made
up of soc carbon and six hydrogen atoms.
with the centrol atom wsually hybridised.
The central atom in this case is carbon



11. Organic chemistry hos a nearly two-hundred-

year history. Around the year 1780. chemists
begon to distinguish between organic
molecules denved from plants and animaols
and tnorganic compounds dermed from mineral
sourozs. Swedish chemist Berzelius believed
that organic molecules were formed by a Tde
force” This theory wos debunked in 1828 when
F. Wohler synthesised wea from ammonium
cyanate. an morganic substance Ureo is a
carbonyl group with owo C-bound ammne
groups. The commeraally availaoble fertilizrer
hos an analysis of 46-0-0 (N - P;O¢ - K50) It
hos o role as a flour treatment agent. g human
metabolite. a Daphnia mogna metobaolice.
g Saccharomyces cerevisioe metabobte. an
Escherichio coli metabolize. a mouse metabolite
and a fertlizer. It s a monocarboxylic aad
amide and o one-carbon compound. It derives

H—T_T C—NH, =— NH=C— N,
Emicial
H
Lo
(Asmida)

(B) Catenauon = the property by which
an element binds to fiself wvia cowvalent
bonds to create chain or ring molecules.
Carbon iz the maost typicol element thot
undergoes catenotion. It can form lengthy
hydrocarbon choine and rings.

(O Benzenoid aromotic compound & an
aromatic compound with only benzene

rmgs i &5 structure BExamples include
nophtholene. aniline ond othes.

A moleculor structures in which two carbon

atoms ore shared by two or more aromatic
rings are fused aromaoltic nngs

from carbonic oad

(A) Which was the first organic compound
o be synthesised? Whuy does urea form
toutomerism ond not isomers?

(B) What is cotenotion?

(C) What is o benzenoid aramoeic pompound?
Give the structure of mophtholene,

MNophtiaiere
phenonthrerne ond anthnocene.
Ans. (A) F Wohler created on orgonic chemucal
weda. by converting an inorganic matenal
Anelwsanne

ammonium cyonote., nto an  organic Y
compound. Urea (H:N-O0-NH,) haos only
one structure. There I8 no somensm n

@ Related Theory

= These are polycyclic aramatlc compounds with fused

rings benween them Anthracene and phenanthrene
have same molecular formulo and different
toutomers. structures

Urea. Urea has a “keto-mmine” tautomeric

structure thot edsts mn equilibrium But
thege are nol isomers. roter tey are

(VERY SHORT ANSWER Type Questions (VSA))

[1 mark ]

12. What is organic chemistry? g = =
. ] J s s ) Ans. H}C:C:D—l
Ans. Organic chemistry is a disapline of chemistry 2

that pnmaonly studies the chaoractenstcs. 14. What exactly is a functional group?

tructu d reactivity of i lecul - 3
g R ARG FEATIMIE 0 (ROETMC DIECHECS. Ans. The functional group is the atom or group

13. What is the hybridisation of each ecorbon in of atoms in o molecule thot determines its

HC=C=CHy? [NCERT Exemplar] chemical properties.



(SHORT ANSWER Type-l Questions (SA-I))

[2 marks ]

15, How will you account for the presence of a is present only m certoin elements such as

lorge number of organic compounds? carbon sulphur. silicon and boron
16. What type of hybridisation each carbom has
in the following compounds?

Ans. The gelf-linlang of atoms of an element to form CH,Cl, CH4CN

chaoine and rings ia responsible for the formation = < =

Ans. CH,—(O. CH,—Cs=sN

[Delhi Gov. QB 2022)

of o large number of compounds. This property

(SHORT ANSWER Type-ll Questions (SA-I))

[ 3 marks ]

17. Define Heterocyclic compounds. Ans. Carbons electronegotivitu ie  proportonal
Ans. Cyclic compounds contoining one or to ite ‘'S noture. When C is sp? hybridised.
. U 2

more heterootoms in their rings are called the s-character & 25% when @ i@ sp
heterocydic compounds. hybndised, the s—character is 33% and when
Heteroayclic compounds are clossified into two it s sp hybridised. the s-character & 50%. As
categories a result. sp hybridised carbon possesses high

(1) Alicydlic he dic oo nde Aaudic electronegativity, s-electrone are more strongly

attracted by the nucleus than p-electrons and

compounds contoining one or more ) T o
carbon's electronegotivity increases as the 's

heterootoms i their nngs are colled
alicyclic compounds character grow

(9 Aromatic  heterocyclic compounds: 19. Define non-benzenoid aromoeic campounds.
Aromatic cyclic compounds containing

one or more heterootoms in  their
molecules are called aromatic
heterocyclic compounds.

Ans. Aromatic compounds which do not contain a
benzene ring but instead contain other highly
wnsaturated rings are ocolled non-benzenoid

aromatic compounds
1E. BExploin how the electronegativity of carbon

atome in on orgonic compound Is related to
thelr hybridisation state. [NCERT Exemplar] For example Cyclopentadienyl anion

CLONG ANSWER Type Questions (LAD

[ & 5 marks ]

20. Which of the following represents the correct Ans. (A) Theprefcdiindicatesthatthe chaincontains

IUPAC name for the compounds concerned? two methyl groups. As o result. the correct
(A) 2, 2-Dimethyl pentane or 2-Dimethyl IUPAC nome is 2. 2-Dimethyl pentane
pentane (B) In this cose. 2 4. 7. = less 2. 5, 7. As a result
: : the correct IUPAC name is 2. 4. 7-Tnmethyl
B) 2, 4, 7-Trimethuyl octane or 2, 5, 7-Timethul
n:l::.ma e
© 2-cnl p— - (O ¥ the substtuents in the chain are in
equivalent positions. the substituent group
methul permae

m alphobetical order receives the lower
(D) But -3-yn-2-al or But -4-<i-1-yne number. As o result. the correct IUPAC

[NCERT Exemplar] name is 2-Chloro-4-methyl pentone



(D) The alcoholic functionol group is the more
important of the two functionol groups

present in the given compound. As o result
the porent choin will end in —ol. Because

the ollyne group is n the C-3 position. the
IUPAC nome would be but -3-uyn-1-ol

21. Define benzenoid aromatic compounds with
their example.

Ans. The orgonic compounds contoining one or

more fused or isoloted benzene nngs have
functionolised dervabives. Bxomples ares

OH
Pirencl
(2 Bicudic oromatic compounds:

Naphthalene

(1) Meonocyclic aromatic compounde

A0

Benrene Toluene

Anthracene

Prenantirene

Z2. Write the homologous series of ethane up to

5 homologous.

Propane CHyCH,CHy

R

Butane CHaCH2CH2(HA3

P

Pentane CHaCH,CH,CH;0Hy

e W, WP

Hexane CHyCH,CH,CH,CH,CH,

Ans.

Ethane CHyCH4

@ Related Theory
= Homologous zerles ks formed by adding one (H; unit

after each succeeding alkane.



IUPAC NOMENCLATURE

AND ISOMERISM

"TOPIC1
NOMENCLATURE OF ORGANIC COMPOUNDS

The system where we gove the nome to the organic
compounds is referred to as 'Nomenclaoture of Organic
Compounds. There are two nomencloture systems:

(1) The commeon or trivial system
(2) The IUPAC system of naming

Trivial or Common System

The nomes of orgonic compounds were assigned
under this nomencloture depending on thew source

of origin or certain quaolities. For example, formic aad
was first derved from the Lotn word. eg. Formica
which meaons ant. Similarlu. Citric oad gets &s nome
from the atrus fruits from which it was first extrocted.
Even todoy, certain common nomes are ublised.
Although maony common naomes are difficult to
remember, they ore frequently employed when the
IUPAC name is too long.
Table: Common or Triviol Names of Some
Organic Compounds

Compound Common nanmne
CH,4 Methane
HyOCH - CHCHS n-Butane
(H3O)-,CHCH, Isobutane )
(H30)C Neopentane
HyCCH,CH,0H n-Propul alcahol
HCHO Formnoldehude
(H:C), 00 Acetone
CHE Chloroform
CH,000H Acetic oad
CeHe Benzene
CHOOH; Anisole
CeHgNH5 Antine
CeHCOCH4 Acstophenone

IUPAC system of nomenclature

Many orgonic compounds exist which mnaoless @
tougher to remember oll of the common namnes
for chemical substances. As a result. the IUPAC
(Internotional Union of Pure and Applied Chemistry)

nomenclature system was devised os o systematlic
means of identfying orgonic substances The IUPAC
NOMENCLATURE is done as

Secondary prefix + Primary prefoc + Word root + |
Primary suffix + Secondory suffix

IUPAC Nomenclature of Alkanes

Stralght chain hydrocarbons

Straight chain hydrocarbon nomes are made up of
o ward root ond o primary suffix

Table: The name of the number of carbon atoms

Chain Size

Nomenclature

Meth

=3

2

3

Hept
| Oct
| Non

10 Dec

The suffix ‘ane’ is the main sufhix far alkanes.

The following are the IUPAC names of certoin
unbranched saturated hydrocarbons (Carbon-Carbon
eingle bond):
Table: IUPAC Names of Some Unbranched
Saturated Hydrocarbons

mm|-4mm

Molecular

Name e Name Molecular
Methane |  CHa Heptane CyHie
Ethane | CHg Octane CeHig
Propane CiHe Nonane CoH-g
Butone | CgHjg Decane CigHy2
Pentane | CcHy- Icosane CogHao
Hexane l CeHj 4 Trioccontane CagHg2




Branched-chain hydrocarbons

Small carbon atom cside choing are connected to
the main carbon parent choin of branched-choin
hydrocarbons. The side chains are referred to o= allyl
groups. which are offoced to the nome of o porent
alkane. Alkyl groups are formed by remowng one

hydrogen atom from an ollane ond they hove the
generol formulo CHa,,1 ond ore denoted by - By
changing the alkane’s ‘ane’ to Yyl It is called the abayl

group

Allcane ;"’;”—; allayl
c]_ld = {110 G‘I]
Methane sgf Methyl
Taoble: Sosme Alajl Groups
. Alkane | _Alkyl group )
Molecular Naome of Structural - Name
- formulo alkane formulo | of alkul
. a group
CH4 Methane —CH Methyl
CoHg Ethane —CH,H, Ethul
CsHg Propaone —CH-CH,CH4 Propyl
CiHio | Bwtane | -OH,CH,CH,CH;  Buul
CigHs ‘ Decane | —CHy(CH5)sCH; Decyl
The olyl groups aren't usuolly arranged in o straight

line. They can also be branched.

Prefo. o word root and o major suffix are oll required
for noming branched-chaoin hydrocarbons

| Prefix + Word root + Primary suffix

For comnnon naomes Prefixes such as 9o sec tert

neo and others are odded to on olayl group when it
is branched.

For example.

aH,
H, H, | | w
HE—E—C HC—C—OH, _E_C_EH“
1 H
Eeopropyd Seonbzmgd
oH, CH,
_J; | w®
HC — H,c—fi?—c-—
cH, -
cert-butiyd Neopemd

Some examples of branched allad groups

Nomenclature of Branched-Chain

Alkanes

Following pnnoples are used while naming o
branched-chaoin alkone

(1) Longest chain rule

The first stage in nomencloture is to detenmine vwhich
carbon chain is the longest which is then referred to

as the parent chain

1 2 3 4 S 67 8 9
CH, OH(H,
I
1 2 3 4 S 6
H, CH-CH,
7 8
I
Longest Chain Rule

Way-l of the two methods for piddng the parent chaoin
rnght because the porent chaoin hos nine carbon
atoms, but way-ll contains just eight carbon atoma

(2) Lowest number rule

The parent chain @ numbered in such o way that the
substituents attached to the paorent choin get the
lowwest possible number.

(Correct)
CH,

6 S 4 3 2 1
CH, — CH,— CH — CH,— OH,—CH,
(Incarrect)

Lowest Number Rule

Way-l is correct because the substituents are assigned
to the lowest locatons 3. wnereas the substtuents

are ossigned to position 4 in way-lL

(3) Alphabetical aorder of the side chain

Before the name of the parent choin the alal
groups nome & prefxed. The porent choin is

predsely numbered to ehow the position of the alajl
group. When different allyl groups are present as

substituents, spedal attention is paid to naming the
substituents in alphabetical order.

1 2 3 4 5 6
CH,— CH — CH— CH —CH,— CH,
T
CH, 4, CH,

4-Eriugd-2. 3-dmethyd hexane
(4) Use of symbols

The numbers are separated by o comma n the IUPAC
name of an erganic compound. a dash ar hyphen ()
is placed betwesen o number and a letter which are

merged into o single word.

When a branching hudrocarbon has morse than one
olyl group. the nomes are not repeated: instead. the
number of the same alkyl substituents iz expressed
as di for two, tri for three cetro for four. penta for
five. hexa for soc and so on. The following instances
demonstrate this rule:



CH,
- - N Ve o
,gg/a I NE <2 e
H, H, H
2. 2-Dimethyl nonane

T
CH CH
S 3
ne” 4 e 2 Nay
H, 1
2. 4-Dimethyl pentane
(5) Use of prefix

When an organic compound containg maore thon one
alayl group. its mnomes ore written in alphobeticol
order. but the prefues di tr1 and eo on are not taken
into aocount As o result. the proper nome for the

following compound is 3-Chloro-4. 4-dimethyl hexane.
a

t (L o,
SN N2

H.C/ \CH. )

3-chloro—<4. 4-dimethyl hexane

(6) Numbering of different allul
equivolent positions

groups at

When two different ollasl groups are present ot the
equivalent positions then the noming is done from
thot side which gives o lower number to allag group
cominag, first in alphobetical order.

(7) Naming the khuydrocarbon with complex
substituent

@0 i the substituent iz complex @e. further
branched) then the carbon of the Substituent

thaot is directly attoched to o parent chaoin is
numbered 1. When noming o compound. the
nome of o complex branched-chain allayl
group is ploced in parenthesis.

Complex

Substituent

. "S—— |

: TH. : H,flz

e % Clc_ec_e 8 2

Ll.-ji%_--.'[‘:’.-_--l__.'cﬁ S 4 T = EH'
CH,

2. 3-Dimethyl-6-(2-methyl propyl) decane

(@ When two substituted choine of compaorable
size exist. the parent chain with the most side
choins is termed the parent chain Furthermaore.
the numbering is done eo that the substtuent
receives the lowest number.

A B R A . = —

- BC O
Y TYYT
10 S 8 H 6 f‘flﬁﬂ?t
H,Ié
HC—C—an,
H, (0,8
5+(23-Dimethyl bund)-3. 3-demethyl decane
H.C ?—r?: EL’ c E’ C Ei’
T I A
] HC1
. P
HC—C—at,
|z 4
HC—OH,
542 2-Dimethyl butyl) nonane

The substituent howving less branching is nomed in
alphobetical order. then the prefoes mo- and neo-
are considered part of the fundomental nome of the
olkyl group. sec- and tert- are the prefoees that do not
oppear in the fundomental nome.

H H
HLC c—C CH,

H, H, H, I H KK
HC—C—C—C —Cc—C—C—C —C —0H,
H, H

HC—C—OH,
S-gzc-butyl-4-opropyl decane
Cyclic Compounds

The 'tyclo’ prefix ie used before the nome of the
parent chaoin for designating cyclic hydrocarbons and
the other rules are the same as previously mentioned.

For example
Qycloburane Cyclohexane

Cudic Compounds



Nomenclature of Organic Compounds
having functional groups

Functional group

A functional group in o molecule i= an atom or a group
of atoms that are joined together in o speciic way

to determine the molecule’s chemical charactenistics.

Organic molecules with the some functional group

hove similar chemical charactenstics. When alcohols
bke CH3;0H, CH3CH,0H., (CH3),CHOH and others
are exposed to eodium metal they always create
hydrogen

A functionol group’s presence is indicated by adding
their suffixes or prefixes. The following toble
liste the prefixes and suffoies of similar functional
groups.

Table: Bome Functional Groups and Classes of Organic Compounds

Closs of Functional group  IUPAC group IUPAC group suffx Example
mgn::puunds structure prefix .
Alkanes | — - -ane Butane.
CHa(CH2),CH3
Alkenes >C=C< - | -ene But-1-ene.
_ CH=CHCH,(H4
Allagnes =~ — ~yne But-1-yne
CH=CCH,(Hy
Arenes - - - Benzene.
Haolides X (it fa™ - 1-Bromobutane.
(X=F. Q. Br. 0 . G‘l:(ﬂ'lz)1CHEB!‘
Alcohols -OH hydroxy- -all Butan-2-ol
CHyCH,CHOHCH,
Aldehydes -CHO formyl or oxo -al Butanal
CH4(CH4),CHO
Ketones sE=0 Qico- -gne Butan-2-one.
CHyCH,COCH,
Nitriles —C=N cyano pitrile Pentanenitrie.
. CH,CH,CH,CH,CN
Ethers -O- alleoy- - Ethaaethane,
CHLCH,0H,(H,
Carboylc oads | -CO0OH carboxy -gic aad Butanoic oad,
CH3(CH,),C0,H
Carboxylate ions 000~ - -oale Sodum butanoate.
| CH1(H7),CO; Na*®
Esters —-000R alkoxycarbonyl | Allajl-oate Methuyl propanoate.
CHyCH,COO0CH,
Acul halides 00)¢ halocarbonyl -oyl halide Butanoul chloride.
P(=F. QLB CHy(Hy),004
Arnines —NH-, anmino- -annine Butan -Z-amine.
>NH, >N- CHaCHNH,CHCHS
Ammides —OONH-, | -carbamoyl -amide Butanamide.
—~OONHR. CH3(CH3),C0NH,
—O0ONR;,
Niro -NO, | Mo - 1-Nirobutane.
| CH3(CHZ1NO; |
Sulphonic aads -SO4H sulpho —gulphonic aad Methylsulphonic oad
CHLSO,H




The rules thot must be followed while naming an
organic compound contoining o funcuonol group are

os follows.

(1) Parent Chain: The parent chaoin ie the carbon
choin that includes the functional group.
regardless of whether it will give the longest
carbon chain or not

(B A B B RS BE RS W R E B B B 0 R R b R B B E e B R REEE S RRRRE R R RER RS B EE R R B RERE S S

i3 at, H, g Ho H, :
: HC C C C = H, ¢
C 6 5 4 3 2 1 :
(incomrectd

Parent Chain

(Z) Numbering of the porent chain: The carbon

associaoted with the functionol group receives
the lowest number in the choin possible when

designating organic compounds containing
functional groups.
O
L n | N
2 3t 4 SHs
H,.C = = B = CH,
6 S 4 3 2 1 (Correct)
O,
Numbersing of the Parent Chain

(3) To confirm the eastence of a functionol group.
a secondary suffix is odded after the primary
suffx (one. ene. yne). If the secondory sufhix
begins with "a” | "0 "u” or "e” the main suffods
‘e’ is dropped.

0
H, H,
HC & G C CH,
S 4 3 2 1
Pentan-3-one
Naming of the Chain

(4) More thon one functional group: When there

are mulople functionol groups in an orgonic
compound. one of them is regarded os the
primary functional group. while the others are
treated os substituents The major functional

group is given a suffoc whereas the alternotive
functional groups are given a prefiuc The order

of preference s used to determine the pnmarny
functional group.

—S0;H > -C00H > - 000R > - Q0X >

—00CL > -CONH, > -CHO > -ON > Yc=0

/
:-—DH:-—SH}—NH;}>=1<}—C=C—:>

-NO; > -NO > =X
Priority of functional groups

All other functonal groups. such as halo (fluora
chloro. bromo. iodo). nitroso (-NO). niro (-NO-).

alkoxy OR). R{alayl). CeHg (phenul) and so on

are always classthed as substituents.

H  H
H,C ms C —— C — Br
3-Bromopiop-L-ene

(Correct)

(Incorrect)

(5) More than one functionol group of the some
type: When there are many functionol groups of
the some type. the number of functonol groups

is specified by prefidng the closs suffix with di.
L etc

1-fsmmopinp-2-ene

For such orgonic compounds. the parent
alkone's full naome comes before the class

suffoc
H, H,
HO C C OH
Ethane- 1. 2-diol

Example 2.1: Give condensed and bond-line
structural formulos and identify the functional
group(s) present, if any, for:

(A) 2, 2, 4-Trimethylpentane
(B) 2-Hydroxy 1, 2, 3-propone tricarboxylic acid
[NCERT]
Ans. (A) The condensed formulo of 2. 2. 4 -
mmethylpentone ig, (OHa)2 CHOHC (CH3a)a

Bond-lme formula of 2 2 4 -
mimethylpentane is.
Band-line formula

(B) The condensed formula of Z-huydroxy 1. 2
3-propane tricarboxylic acid s,
(COOH) CH,C (OH) (COOH) CH, (CO0H)

Bond-line formula of 2-Hydroxyy 1. 2. 3-
propane tricarboxulic aad is,

Bond-line formula



" TOPIC 2
NOMENCLATURE OF SUBSTITUTED BENZENE COMPOUNDS

Monosubstituted Benzene Compounds

(1) The prefix used for the substituent is simply
preficed to the word ‘benzene for identfying the
substituted benzene compounds

Common IUPAC naomes of monosubstituted

aromatc compounds
o O QO

Toluene Phenol Andmne
O 0
T T
oalve
Benrolc aod Benzaldehyde
D..f"
o O
Anlzole  Benzene sulphonic aad
0O
il
O,C\CH‘ m
Acetophenone Sngrene
Benrene Compounds.

(Z2) Many mono-substituted benzene compounds
hove well-known common names.

a NO. CH,
Chlorobenzene Nirabenrzene  Methylbenzene

(Tolsene)
Benrene Compounds

Disubstituted Benzene Compounds

When two hydrogen otoms in benzene are replaced
by two monovalent atoms or groups of atoma a
disubstituted benzene derivative is created. Counting
up the carbon atoms of the nng in order to assign the
lowest numbers to the substtuents to determine the
location of substituents in such compounds. There are
three tupes of disubstituted benzene compounds

(1) 1, 2 (ortho) - form: When the 2 substituents are
on carbon atonns thot eeem to be adjacent

1 _-Br
@
Br

1. 2bramo benzere

(2) 1, 3 (meta) - form: When the 2 substiuents are
on the carbon atoms in different directions.
ar

1
2

3
Br
1. 3-dibromo benzene

(3) 1,4 (para)-form: When the two substituents are

on ocarbon atoma that are diogonaolly opposite to
each other.
Er

1
2

3

Br

1. 4-dibromo ben=ene
Benrene Compounds

Tri- or higher substituted benzene derivatives

If more than two substituents are present then the
positons of the groups are indicated by numbering
the carbon atoms according to the lowest locant rule.

Accordmng to this rule. the sequence in which
the numbenng is done ehould hove the lowest
combtnation of numbers

Example: Case | is preferred among the following.

Case ll

Casel
Br Er
1 1
Br Er
2 5
0 3 S
4 4
Br Br
1+2+4=7 1+4+6=11

buse | & preferred among '.;J-1& folloving.

Casel Case ll

3+£4+5=172




Example 2.2: Case Based:

The Internotional Union of Pure and Applied Chemistry
(IUPAC) nomenclature of organic chemistry is @
system of naming organic distinct chemicals that are
approved in chemical nomendature It's in the Journal
of Organic Chemistrys Nomenclature (mformally
colled the Blue Book). Every potential organic
molecule should. in theoru have a name that can be
translated into an wunambiguous structural formulo.
Inorganic chemistry hos its own IUPAC terminologu.

The official IUPAC noming rules are not often
followed in practice. particularly where it is required
to offer a clear and absolute description of a
compound. to avoid long and loborious nomes in
routine communication. In certain coses. such as
ethonol instead of ethyl alcohol IUPAC nomenclature
is simpler thon n earlier termas.

(A) The compound's IUPAC name is:

N

a a
(o) 2,3 - Dichloro hex - 1, 4 - diene
(b) 3,5 - Dichloro hex - 1, 2 - dlene
(c) 4,5 -Dichloro hex - 1, 2 - diene
(d) None of the above

(B) Draw the structure of 1 — Chlom — 3 — ethyl
hexane.

(@)

®
/\:l\/\

©

a
a
(d)
(O) Is the following structure being correct for
given IUPAC name?

.

S5-Chloramethyl benzene

(D) Match the following:

Column | _Col:m'm ]

() Propanoic acid
©@_ " Non

(b) O’//\/\ (@) Pentan - 2 - ome

Q (@) Ethonel
© /\)I\

0 (iv) Butanaol

o .
OH

(E) Assertion (A): IUPAC naming is an easy way
to learn the different structures
of orgonic compounds.

Reason (R Eoch compound does not have

any ather momes except the
IUPAC name.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.
Ans. (A) (b) 3. 5 - Dichloro hex - 1. 2 - diene

Explanation: The correct IUPAC
nomencloture for the given compound is

1\c 3 6

3 S

a a
3. 5-Dichlorohex-1_2-dfene

Here numbering will start from the left side
and not from the right side as the double
bond should get the lowest number.

®) @ /\J\/\
a

EBxplanation: the IUPAC nomenclature of
given compounds are as follows:

(@)

PO U

1 - Chloro - 3 - ebwyl hexane



()

ﬂ/\;\/\
4 - (hloro heprone

©

A

1 - Ohloro - 3 - methyl hexane

@
/\j\).\

2 - (hioro - < - ezhyl hepeane

A Caution

== [n oll the ghen coses the subsituenls are numbered
from that side where they get the lowesr number.
Alsq chloro & named firet Becauze of the alphabeticol
arder .

(C) No. the given nanne is incasrect.

B

4 2

S X a
&

Chloromethyl benrene

(D) o—(m). b—(). c—{a). d—=()
Column Ii

(o) Ethanol

(b) DM (iv) Butanal

Q (v) Penton - 2 -
(c)/\)k one

(1) Propanoic acid

(E) (©) (A) is rue but (R) = fais=.

Bplanotion: The Intemaotionol Union
of Pure and Applied Chemisty (UPAQ)
nomencloture is significant because it
establishes o consistent system for noming
chemical substaonces. So. the asserton is
correct but eome compounds olso hove
their common nomes such os ethanoic oad
also lmown as acetic oad. Sa. the reason =
not correct

COBJ ECTIVE Type QuestionsD

[T mark ]

Multiple Choice Questions

i. IUPAC name of the given compound is:
G‘I: =CH- CHJ -0OH
(a) Proponaol (b) Propanol
(c) Prop-2-enol (d) Prop-1-en-3-ol
Ans. (c) Prop-Z-enol
Explanation: The correct IUPAC name for the
given compound is prop-Z-en-ol

A Caution

- Snudents might get confused between options () and
(d) The correct aption & (cl a= —OH functional group &
given a prioritly over the double bond

2. Which one among the below motches is
incorrect?
(@) OHC -CH; “COOH : 3 - Oxopropana:ic acd
(b) CH; -0 - CHy - Methoxy methanal

(©) HbN - CHO : Methanamide
(d) CH;CH,ON : Propanenitrile

Ans. (b) (H;- 0 - 4 : Methoxy methanal
BExplanation: This is dimethyl ether or methoxy
methonal

3. The following molecule’s IUPAC nome is:
OH

(a) 5 - Hudroxycuyclopent - 2 - enone
(b) 2 - Hydroxycyclopent - 4 - enone
(c) 5 - Hydroxycyclopent - £ - enone
(d) 2 - Hydroxycyclopent - 2 - enone



Ans. (o) 5 - Hydroxycycdlopent - 2 - enone
Explaonation: The structures of the compounds
given in options are as follows

OH

0

S5-Hydraxycyclopent-2-enone
£. The IUPAC name for the given compound is:

Nn==0

c on
T W W

]
(9]
(o) 1 - hydroxy pentane - 1, 4 - dione
(b) 1, 4 - dioxopentonol
(c) 1 - carboxybutan - 3 - one
(d) 4 - oxopentanoic acid [NCERT Exemplar]

Ans. (d) 4 - Oxopentanoic ood

Bplanation: The given compound is nomed os
the substituent of carboxylic acd

4-Onppentanoic acxd

Assertion-Reason (A-R)

In the following question no. (5-6) a statement
of assertion followed by o statement of reason
is given. Choose the correct answer out of the
following choice.

(o) Both (A) and (R) are true and (R) is the correct
explanation of (AL

(b) Both (A) and (R) are true but (R) is not the
correct explanation of A

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

5. Assertion (A): 2, 3-Dimethylhept-5-ene is

CH, CH,
| w
HC—C——Cc——C € C o 8
H H H H
Reason (R  The double-bond gets
preference over the alkul

group.
Ans. (d) (A)is false but (R) &5 oue

Explanation: The correct IUPAC name for the
compound is 4.68-Dimethyl hept-2-ene

A Caution

- Fien though it defines saturated hydrocarbon rules
the parent carbon chain i= numbered n such a
manner that the carbon atom linked by a double or
triple bond recssves the loweat number.

©. Assertion (A): The IUPAC nome far the

compound is 9-Methul
cyclohexene.
a4
Reason (R In cycloalkenes, double-

bond corbon atoms take
precedence over the alkyl
group in numbering.

Ans. (o) Both (A) and (R) are true and (R) is the
correct explanation of (A)
Explanation: When noming oycloalkenes.
number the ring to indicate the location of
the double-bonded carbons ond choose the
numbering direction such that the substituents
get the lowest number.

it ia not defined because the location of the
double bond is lohown to Lie between C-1 and
cC-2

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

7. Write the correct order of prionty of the
following functionol groups:

—C=N, > C=0, - 0H, - COOH, - CONH;,
[Delhi Gov. QB 2022)

Ans. The deceasing order of prniority of the given
functionol group ix

- 000H > -00ONH; >-ON>-C=0>-0H

£, Draw the structure of 2-chloro hexane.
Ans.

H.
CH ‘= CH,
:—gc/ \C/ \C/
H, H,
2-Chioro hexane



(SHORT ANSWER Type-I Questions (SA-1))

[ 2 marks ]
9. Write the IUPAC nomes of the substances 11. Write the structure of:
listed below. (A) Pent-4-en-2-ol
(A) CH3CH; - O - CH,;CH(CHL)CH, (B) 3, 3-Dimethyl hexane
(B) Ans. (A)
[ I
e N P W /C‘H /2\
HC ¢ C
H, H,C e b at
| o,
CH, Pent—4-en-2-of
Ans. (A) 1-Ethoxy-2-methul propane ®)
(B) 3. 4-Dimethyl hexane
10. Drow the structure of:
(A) 3-Nitro cyclohexene
(B8) 8-Hydroxy heptanal
Ans. (A) 9.3-Di methyl hexane
E 12. How is alkyl group represented? Give the
A structure and the nomes of the alkyl groups
0 \O which originote from:
(A) n-Butane (B) iso-butene
3-Nitro ajclohexene [Delhi Gov. QB 2022]
B) Ans. Allyl group is generated when one of the
OoH hydrogens of olkane i@ removed and that one
| valency remains empty.
H, H,
CH C C " 0 (A) Fromm m-butane : Hy-COHHCH~
I-L.{Z/ e g N (butyl
H, H, H @) From iso-butene : CHy-CH(CH.1) = CH-
6-Hydroxy heptanal (zo-buryl)

(SHORT ANSWER Type-ll Questions (SA-1I))

[ 3 marks ]

13. Select the words root, 1° and 2° suffix Hese this compound’s word root is hex ks 1°
and prefix to draw the structure of ond 2° suffix are 'en’ and ‘ol whereos the
3-Methyl hex-3-enolL prefix is methyl

Ans: The structure of 3-Methyl hex-3-Enol i= @ Related Theory
aH, == The number of carbon atams [n the parent chain k=
H, R represented by the word root Spedal word roots
o E\ C are uged for chaine with up to fowr carbon atomrs,
Hg/ \C/ \\C - \CH, whereos Gresx numerale ane wuzed for chaing with
H, H mare than four carbon atoms.



(LONG ANSWER Type Questions (LA))

[ & & 5 marks ]
14. Write the IUPAC nome of the following. 15. Write the structure of the given compounds.
A) (A) But-2-en-1-al
(B) 2-Amino ethan-1-al
(C) 2, 4-Dimethul henmr-3-ane
— (D) 3-Hydrony-5-methyl heran-2-one
(E) 4-Ethyl-2, £-dimethyl hexane
— Ans. (A) But-2-en-1-gf
® I S
/c-n...ho/“ v \5’/ oy,

(B) 2-Amino ethan-1-of

o oH._ /’{:'“\
} 0 = N
o H;
S (O Z 4-Dimethyl hexan-3-one
0
|
© e e
| |
CH, CH,
oG+,

(D) 1. 3-Dimethul heswan-3-one

e O
H [
CH c oH, CH,—C— CH—CH,— CH— CH
H 3 3 2
e NF N | 1
H OH CH,
cH, (B) 4-Ethul-2 4-dimethyl hexane
H.C\\
Ans. (A) 6.7 - Dimethyl oct-1. 3diene CH, CH,
(B) Cudo butanoic acid I I
(O 2-Propuyl hexanoote H,C\ /,C\ "“.,EHM~
(D) 3. 4-Diethyl-1. 8-dipropul cuclohexaons C I C CH,

(B) S-Methuyl-2-methoxy hex-3-ene



REACTIONS AND THEIR

MECHANISMS

'TOPIC1
CONCEPTS TO UNDERSTAND REACTION MECHANISM

(1) Fssion of covalent bond [ Bond cleavage
(2) Attacking reagent
(3) Reoction intermediote

(4) Electron displacement effects m covalent bands

Fission of Covalent Bond

A covalent bond can be cleaved by two wpes
(1) Heterolytic cleavage
(2) Homolytc cleavage

Heterolytic cleavage

In heterolytic cleovoge. unequal dstutbution of bonds
takes place. Due to unequal distnbution ions (cotion
and anion) are formed.

Example: Heterolytic cleavoge = shown m the
following figure:

/7N

A B > 2, P

Heterolytic cleavage of bonds

Heterolytic cleavoge occws in polar bonds So
the orgonic reactons which proceed through
heterolytic cleavage are called ionic or heterolytic
or polar reactiona. Heterolytic cleavage results in the
formoton of two types of species. They are:

(1) Carbocations (carbonium ions): These are the
species with positvely chorged caorbon atoms
Carbocations are highly unstable and reoctve
species. Six electrons are present in their valence
shell Allayl group directly arttach w posmovely
chorged carbon stabilises the carbocatons
due to effects lke inductive. resonance and
hyperconjugation(discussed later in this chopter)
The three hubridised orbitols of carbocaotion
are arranged in a trigonal planaor shape The

is perpendiculor
moleculor plane and is empty. The stability of

carbocation is CH5 < OH3 CHJ < (CHa); C~

remaining orbital to the

Empry p-orbital

Bond formed by
sp’-g overlap

Methyl cation (OH,)

Trigonal plonar shape of carbocation

(2) Carbanions: These are the spedes with

negotvely chaorged carbon atoms These are
unetoble and reactive epecies They howve eight
electrong in their valence shell The hybridisation
of carbon carrying a negative charge is sp® with
pyromidol geometry. The order of stability of
carbanions is:

CH,
G] © ©
H, > H,H, > H,CGHOL, > H,C—ée

-

Inoyeasing stability of carbaniois

C

/

H

N\

H

H

Methyl carbanion (O1)
Homolytic cleavage

In honnolytic deavage. equol distribution of electrons
taless ploce dunng the chemical reaction. Homolytic

cleavage ocowes i non-polar substrates So. the
organic reactions which proceed through homolytic




cleavage are called free radical or homopolor. or non-
polar reactons.

The single electron movement & represented by a
‘holf-headed curved amow’ as shown in the figure

Homolytic /\\ //—\!
ceavage A————B —>
Homolytic cleavage of bond

- free
A+ F radicols

Free radicals

The neutrol chemical speges formed by homolytc
cleavoge are caolled free radicals. They are highly
reactive ae they contoin on odd electron It haos
planar geometry with sp® hybridisation. The carbon
atom bies at the centre of the triongle and the three
sigma bonds are directed towards the three corners
of planar trigonaol geometry. The odd electron Lies in
the unhybridised p-orbital perpendicular to the plone

unhybridised orbital

,,;>/ containing odd electron

“‘I

The order of stability of alayl free radicals &= as follows
R R R R
CH, <CH,CH, <(CH,),CH<(H,),C

Types of Attacking Reagents
(Nucleophiles and Electrophiles)
There are two types of attodang reagents
(1) Electrophiles

(2) Nucleophiles

Electrophiles or electrophilic reagents

Those reagents which are elecson defident
and ottack the electron rich speges are called
electrophiles. Electrophiles are positively charged or
neutral

(Electro + philic)
i

-

(electron + loving)

Bcample Positively charged electrophiles:

ﬂoj. l:l. i.. R_ é =0
Neutral electrophiles: Central atom = electron
deficient All Lewis acds functional groups lke
carbonyl group (> C = O) alayl halides (RyC =X
carbenes and nitrenes are neutral in noture

Nucleophiles or nucleophilic reagents

(Nucleo + philes)
|

b

(nucleus + loving)
Those reagents which are electron nch and attadc
the electron-defident species are nucleophiles.
Nucleophiles can be considered as Lewss boses.
Bamples:
Negatively charged electrophiles:
OH~, OK". R-000", SH

Neutral nucleophiles: NH,.H.O.R —NH,

Example 3.1: Case Based:

Bond cleavage or bond fission i the splitting of
chemical bonds. This can be generally referred to as

Dissoaation (chemistry) when a molecule ia cleaved
into two or more fragments. In gereral there are

two closstfications for bond deavage: homolytic and
heterolytic. depending on the nature of the process.
Due to the high bond-dissaciation energy of the

C - H. bond around 100 kcal [ mal (420 kJ / mol).

a lorge amount of energy & reguired to cleave the
hydrogen atom from the carbon and band a different

atom to the carban In biochemistry, the process of
breaking down large molecules by splitting their
internal bonds s catabolism. Enzymes that catalyse

bond cleavage are known as lyases wnless they
operate by hydrolysis or oxddoreduction. in that case.

they are known as hydrolose and oxidoreductases
respectively. In proteomics, cleaving agents are used
in proteome analysis where proteins are cleaved mto
smaller peptide fragments Examples of cleaving
agentsused are cyanogen bromide, pepsin and trypsin.

ﬂ—[\B—}ﬁ'e B
6 6 SR i

Homolytic deavage
(A) When CHyClundergoes homolytic bond fission:

(o) Carbon undergoes geometric change from
tetrahedraol to planar.

(b) Hybridisation chonges from sp° to sp?.
(c) Both (a) and (b)
(d) None of the above
(B) Which of the following statements is mnot
correct for a nucleophile?
(@) Ammaniao is o nucleophile.
(b) Nucleophiles ottaclk low electron density
sites.
(c) Nucleophiles are not electran-seeking.

Heterolytic cteavage

(d) Nucleophile ia a Lewis acid.

(C) State the order of stablility of carbanion in
ascending order in:

CH, CH,CH, (CH,), - CHCH, -CH- CH,



(D) Among the benzyl carbocation (C H, E_'H)) ond
alayl carbocation {CH,),(.:. which one is more

stable and whuy?

(E) Assertion (A): CN™is an ambident nucleophile.
Reason (R): Nucleophlles are electran-rich

species.

(o) Both (A) and (R) are true and (R) is the
correct explonation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explonation of A

(c) (A)is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) (c) Both (a) and (b)

Explanation: CHy(O undergoes homolytc
fission os

D-I.,:C]—:C..‘H,i-(fl

(.:HJiE a methyl free radical with sp?
hybridisotion (singly occupied orbital)
CH3Cl hove bond angle 109°28' with three

co-planar C- H bonds and sp® hybridised
carbon

(III
£,
H™ bH
Srructure of CH;A

(B) (d) Nucleophile is a Lewsis aad.

Explanation: Nucleophiles are elecwan-
rich and negatively charged spedea They
attacc on the positive site of the substrate
or the low-density sites Hence. they are
considered os Lewis boses not the Lewis
acids. Amnnonio s considered as nucleophile
becouse nitrogen haos lone pair of electrons
and it is electron-rich epecies.
(C) The stability of carbaniona e enhanced by

the

(1) Presence of conjugotion

(2) Presence of group exerting

So. the comect order of stability will be:

CH.CH, >CH,-CH=0H, >CH, > (OH,), -CH

(D) The stability of corbocotions & nfluenced
by the resonance and mductive effects
(Cl-i;:hé is stable due to the presence of +J
effect in the three methyl groups but benzyl
carbocation. CgHs,éHz s stll more stable
than [Cl-lg);& due to the dispersal of positve
charge by the resonance

(E) (b) Both (A) and (R) are wrue but (R) is not
the correct explanation of (A)

Explonation: Nucleophiles are electron-
rich spedes. They possess a lone pair of
electrons or =&~

The nucleophiles which hove more than one
site af electron-rich centre or in which two
or mare atoms bear o lone poir of electrons
are colled as ambident nucleophies

— l . - -

:C=N. €—> C=N:

Ambident nudleophis representation in O

$}’ Important

= Reaction intermediate:r Reaction miermediate
indudes caorbocotion carbanions free radicals. carbenes
(CH.). mirenes and (N ).

Leg= say i the electrone were moneu. then a rich person who

can donate some money ks carbanions and the beggars wio

need money would be the carbacations. The carbooations
and carbanions are the intermediotes of the reaction and

ey ooy positive and negative charges respectiels

Example 3.2:
categorize the

By giving proper justification
following moleculesfions as

nucleophile or electrophile:

HS™,BF,,CH,07,(CH, ).N,0*,CH,-C =0, H,N", NO,
[NCERT]

Ans. Nucleophiles arer HS™, C,H<O™. (QHa)sN. HNT
All these species have one or more lone paus

of electrans which can easily donate to an
electrophile and hence behove as nucleophiles

Elecrophiles are Bl A * CH3-C=0. N 0,
The reagents which attack the negative part

of the molecule are colled electrophiles.
Electrophies are positively charged or neutral

Example 3.3: Identify the electrophilic centre in
the following: CHyCH=0, CH+—CN, CHs-L [NCERT]

Ans. The electrophilic oc2ntre is represented by (%) as
follows :

(1) G4,CH=0
(2 G4,C=N
(3) sz, — 1

The storred corbon atoms are electrophilic
centres a8 they will hove partal posiove

charge due to the polarity of the bond



"TOPIC 2
ELECTRON DISPLACEMENT EFFECTS IN COVALENT BONDS

An atom or a substituent group can couse electron
displocement m an organic molecule in the ground
state or the presence of an oppropriate attacking
reagent. These electron displocements can be
pernnanent or temporary displacement effects due
to the influence of an atom or o substituent group
present in the molecule. There are four electronic
effects that affect the chemicol reacuon due to the
transfer of electrons

(1) Inductive effect

(2) Mesomeric effect

(3) Hyperconjugaotion

(4) Electronic effect

Inductive Effect

When o covolent bond is formed between the atoms
o polarity develops in the molecule. The electron
density is higher towards the more electronegative
atom of the bond. Hence. we can say that the polanty
induced in a non-polar bond due to the presence of an
adjocent polor bond is lknown os an inductve effect

This is o permanent efect. The effect posses on to
subsequent bonds. but it decreases rapidly as the
number of ;ntervening bonds increases.

Sb56+ 555+ 85+ &+ 8
H,C—»— CH,—— CH, —»—OH, ——0

Baosed on the abidity to withdrow and donate the
electron density to the attached carbon atom. the
substituents in the inductive effect con be classified

08 o positive or negative inductive effect
Negative inductive effect (-/ effect)

Electron withdrawing groups ehow - effect. Bxamples

Nitro (NO,). halogens (X). cyano (-CON). carboay (-
COOH). ester (-OOOR). aruloxy OAr) etc

Positive inductive effect (+/ effect)

Electron donoting groups show + [ effect. baamples
Methyl (<CH4). ethuyl (-CH; -CHa). etc

Example 3.4: In which CC of CHy-CH,-CH,-Br

the inductive effect is expected to be the least?
[NCERT]

Ang. The mognitude of the mductve effect dimonishes

o8 the number of intervening bonds increases
Hence. the effect i the leost on third carbon

Resonance

Resonance sbuctures are hypothetical and

indniduolly do not represent any real molecule. They
are the orgonic molecules whose behoviour cannot
be exploined by the single Lewis structure. They are
also lnown as canonical structures. The energy of
actuol structuses iz chways lower than that of any
of the cononical forms . The didterence in the energy
betwseen the hybrid and most stable canonical form =
called os resonance energy.

The = —&" = delocalised from one avom to another.
or we can sgy that resononce refers to the entire
vransfer of energy from one atom to another when
they are m conjugotion

The number of unpoired electrone or the paored

electrons in oll the resonating structures should be
the eame.

All regonaung and canonical structures must follow
the Lewis structure and the resonatng system ehould
be in the same plone.

Bxamplez Benzene hos a cydic structure with olternate
C-Cand C=Cbonds

@ — O

Resonating structure of benzene

Resonance Effect

The polarity developed within o molecule due to the
interaction of two r-bonds or a n-bond with lone pair
of electrons present on the adjocent atom is called
the resonance effect It is produced when the polanty
develops between the molecule by the interaction of
conjugated systems It 8 o permaonent effect. There
are two types of resonance or meaomeric effect

Positive resonance effect (+ R effect)

In thig effect. the transfer of electrons ig away from

an otom or substtuent group due to the presence of
an electron-donoting group. + R effect ie shown by
groups (ke

NH,_-OH -OR -NR_ -S4 -NHR R -NHOOCH,



A few rules for writing resonating structures ares
Examples Thia effect in aniline is shown os

(fn ] it (53

1 ¥\

2 6 S

-~
F)

NH,

2

Resonating structure of aniline

Negative resonance effect (-R effect)

In this effect. the transfer of electrons is towards the
substituent group attached to the conjugaoted system.
-R effect is shown by groups like: -CHO. -CO0OH,
-OCO0OR. -COR. -NO,, -CN. -COX. -CONH 3 -SO3H.

Bxample This effect in nitrobenzene is shown as
e ,0 X0 N}P —10.
X N : x
8‘1\{‘0 N E e

D-Q—@ -0

Rezonating structures of nitrobenzene

ég} Important

conjugatior [ there are wo =- baonds
conjugation then the electvon of the one & =- bond
cransferred to the other

- -

= =- lone pair conjugation: I there = lone pair or o
negobive charge and = - bonds are in conjugation then the
lone palr of electrona or negathe charge are transferred

- o- wnant arbital conjugotiorc E there Is o positive
charge (vaocant orbital) end = - band are In canjugation then
elecron of =— bond are transferred towards the poaltive

charge

- =- unpoed electron configurationr I there i an
unpaired electron and = - bond In conjugation

- [one poir — vacant orkital conjugation: If there s a lone
pair or negathe charge and vacant orbital or positive charge
are i conjugation then the efectron of the regative charge
k wransferred towwards the poaitive charge.

Example 3.5: Write the resonance structures of
CH4C00" and show the movement of electrons by
curved arrows.

Anes.

Resonating structures of carbaxylate fon

Example 3.6: Write the resonating structures of CHz = CH - CHO. Indicate the relative stability of the

contributing structures.
Ans.

] 6 §f-
H —Tgcgcl—H <>
) 0}

Stabiliny order: i > o > @

(1) iz more stable becouse more covolent bonds are
present and each carbon and oxugen atom hos an
octet and no separation of oppaosite charge In (i@).
negobve charge is present on the more electronegotive
atom and positive chorge on the more electropositive
atom. Thus. it 8 more stable than (@) In (8). oxugen hos
o positive charge. So. it is the least stable structure.

Electromeric Effect

The complete wansfer of shared paowrs of €™ from one
atom to another atom in the presence of an attaodang
reagent is lnown os the electromeric effect It is @

H ——T_— E—c—H £
H

@ (1)

:6: :5:
| .
H _T —C—=c—H

H

temporary effect It is also lomown as E—effect It & a
strong effect because of the involvement of weak =

bonds There are two types of electromeric effects.
Positive electrometric effect (+E effect)

In this effect the =-electrons of the muluple bonds

are wansferred to the atom to which the reagent gets
attached.

In this effect the = -electrons of the muluple bonds
are transferred to the atom to which the attodang
reagent does not get attached.



Example

Positive electrameric effect
N N . | |
CQC + H —>» —C—C—

/ N\ I

H
Negotve electromeric effect

\Cé\}:/ + m-—}—(!:._(l_—
s X CL

Electromerkc effect

Elecromeric effect predominaotes when both the
inductive effect and electromeric effect operate.

Huperconjugation

The complete vransfer of o—<" of C — H bond of an
alayl group wowards x —bond or o an atom howung
an unshared p—orbital s called as hyperconjugation

effect It is o penmanent effect. It is also called the
No-bond resonance or Baker and Nathon effect

( Stabilising cverlap )

l C-H
H bond
arbial
H,C re
Em k.4
P-nrbgr.?l - C—Cruyy
X0 N
H

Hyperconjugatlon representotion

d‘ﬁ important

- Conditions for hyperconjugation:

(1) K rhere s a CH o -bond and free efecerons are in
conjugation then there wil be H-effece

(Z) K there [s a CHo -bond and positve charge = in
conjugotion then there will be H-effect

(3) Bthere ls a CHao -bond and n — charge in conjugabion
then there will be H—effect

Example of hyperconjugation

Sy H

H—(:QD*I&H H—C=D—l—eﬂ-l,
|

H H

1

€« H C=CH-0OLec
I
H

Hyperconjugation effect tn propene

Bxmple 3.7: Case Based:

An electronic effect influences the soructure. reactivity,
or properties of molecule but is neither a traditional
bond nor a steric effect. In organic chemistry. the term
stereo-electronic effect is also used to emphasize the
relation between the electronic structure and the
geometry (stereochemistry) of a molecule Electronic
factors that influence organic reactions include the
mductne effect. electrameric effect. resanance effects
and hyperconjugation. These electronic factors
tmvolve organic molecules most of which are made
from a combinotion of the following six elements:
carbon,. hydrogen. nitrogen. oxygen, phosphorus and
sulphur. Yet. the limited number of building blocks
does not prevent organic compounds from taking
on diverse properties in thew physical characteristics
and chemical reactivity. The subtle differentiation of
vanous compounds m organic chemistry is essential
for the biological functions of the molecules and
oeates a wide variety of reactions. The different
effects which influence the distribution of electrons in
a covalent bond of an organic molecule are important
for understanding the mechanism of the reactions
the molecule undergoes

Electronic dlsplocement

!
x 4

Pelasizationeffect Noospalosfgation effect
(penmaonent) (temporaru)

v v v v v

inducthve Megomeric Huper-  Inductomeric BElectromeric

effect effect  cnnjunoative effect effect
ECt

(A) Compare the stability of free radicals
®
: CH,
® CHy—CH—CHy @ ﬂj

(o) tHz_m{majz () f}lz_c"g
Options:

(@) (N> QN> @ > V)

(b) (M) > (N> @ > (V)

() ((V)>(u)>@> ()

(d) @M>(an> Q> av)

(B) Correct order of stability of carbocations is:
®

®© ®
HC—CH— Gi: HC— CH, —CH;
M () (i)
Options:

(@ D>@n>@
() ®>am>Qan

() Un>@>Qn
(@ @O >@n> qun



(© Which of the following is a permanent electron
displacement effect?

(@) Inductive effect (b) Electromeric effect
(c) hyperconjugation(d) Both (a) and (c)

(D) Give the difference between hyperconjugation
and resonance effect.

(E) Assertion (A): Cyclopentadienyl anionis
much more stable than allyl
anion.

Reason (R): Cuclopentadienyl anion is
aromatic in choracter.

(a) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of A

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) (@) (1) > ) > @) > V)
Explonation: Among the given options. (l)
benzyl free-radicol and it is most stable due
to resonance. In the remaining free radicals.
the more the all group bounded to the

electron-deficdent carbon. the more i the
stability of free radicals. Thus the order of

stability of free radicals & (1) > (1) > () > (V).

®) @ @)>0>m

Explonation: Benzyl carbocation () is mmost
stable due to the presence of four resonating
stuctures. In allylic carbocotion (). two
resonating structures are possible and in
() no resorpotng structures are present
The more is the resonoting structure: the
more is the stability of carbocaotion So.
the order of stability will bec () > (1) > ()L

(C) (d) Both (0) and (c)

Explanation: Inductve and hyperconjug-
aotion effects are permanent effects whereas

electromenic effect is @ temporary effect

(D) The main difference between hypercomn-
jugotion and resononce is thaot hypercan-
jugotian invalves the interaction between a
c-bond ond o p-orbital or o z-bond whereos
resonance involves the mteraction between
two r-bonds.

(E) (o) Both (A) and (R) are rue and (R) = the
correct explanation of (A).

Explonation: Cyclopentadienyl anionis more
stable than allyl anion. In cyclopentadienyl
anion. there are two n-bonds so there are
a totol four =-electrons. And there is one
negotive charge and lone paoir. We should

only consider mnegative charge becouse
lone pair slectrons are outside the nng

and will not get included in the ring So.

there will be 6re”. S0, cuclopentadienul
anion will follow the Huoel rule (cyclic

ring molecules follow the Huckel rule when
the number of its =-— electrons equal 4n

+ 2 wnere n i@ o non-negotive integer)
and thus it i an aromatic compound.

" c%H“’@HG

In ollyl ion also resonaoting structuse i=
present. But it doesnt show aromaotic

noture. g0, due to this it will be less stable

M ]

HC—C=CH, &> m=ﬁ—m
H

"TOPIC3
TYPES OF ORGANIC REACTIONS AND MECHANISMS

The organic reactons con be categorised into four
categories:

Substitution Reactions

The reaction in which o functonol group or atom of

one compound is substituted by another group.

R. R,
?@ M Xe r
R, Rq
Subaginrion of nudeophie

ﬁ Important

—  There are different types of substitutlon recceions
(1) Free radicol substitution

(Z) Electrophilic substitution
B) Nucleophiic subsorution (51 and §,,7)

Substitution Reaction
St o Subatitwlon Subsatitution
Hectophitic Electrophilic
Aliphotic Anpmotc
Subutiugian Subustiusiion
% | &2 Nucesshdsr  Nucleopniic Nuclesprsee
Reaction Reaction  ASpihatic Arcmatic Acy
Substituzfom  Substiution  Subarnvion
Tupe= of suatiution reaction



Addition Reactions

These reactions involve the combinoton between two
molecules to give o single molecule of the product

H,c/\*HE' - /l\/H
HC

Addition of HBr In propene

Elimination Reactions

it involves the loss of two atoms or groups from the
some or odjocent atoms of o substance leading to the
formovon of multple bonds

These are given by the molecules which howe
nucleophiles as a leaving group.

H H H H

| | KOH \ rd
H—C—C—H —> C=cC

| 1 (-HBn) / \4

H Br H

Eliminatian af H - BEr in the given the reactant

u‘;} Important

= There are two fypes of ekmination reactionc
(1) aelimination reaction
(Z) P elimination reaction

MasT canmmon

3\!& ﬁleﬁmﬁ‘mﬁun\ \ +<
\‘ E<-\ /—\..

PR

LG
Often
Other wpes of eBminotions: concerved
fes AT ungoturated
Eb\ﬂ)& a ﬂ[nrnunnnum_} AL fragmant often
AN @ feacbug
indnermadiots
E L L1 _E -
(Eé ehminption (E.E cesilos 1o
B{LE (poQL2.) Cyceaton
Types of elimination reactions

Rearrangement Reactions

In this reaction. a carbon eheleton of a molecule &=
rearranged to give the different structural isomer of

the originol molecule.

5 5
H
a RO HE 374
17 2 > 72
H :Br: H H
Rearrangement reaction

(OBJ ECTIVE Type Questions)

[ 1 mark ]
Multiple Choice QI.IEStiOI'IS Thus, the stability of carbocotions decreases in
the order (If) > (1) > (W)L
A g:;:j “ t:;ﬂir;z;:::iiwcfﬂie::mmg 2. In which of the following compounds is the
Y . > carbon marked with an asterisk is expected
() CHy; —CH - CH, to hove the greatest positive charge?
an CH3 —C-H - OC:H_-, (ﬂ) CH_I, -CH; A
() CHy CH - CH; - OCH, .
Options: (b) CH;3 - CH; -Mg*C”
(@) D> @ > () (®) an>qn > @ (c) CH; - CH;-Br
(© () > @ > () (d) M>(n> (d) CH3 — CH, - CH4 [NCERT Exemplar]
[NCERT Exemplar] -
Ans. (a) (1) > () > (1) Ans. (o) (H;-CH; A
Explanation: Explanatiort Hectronegativay of (L Br. Cond Mg
OH,—CH- O, s & the order A > Br > C> Mg (1 and Br show ()
0 effect and 4 effect of A > Br. Sa, CHy-H;, - O has
Stobissad by weok the greatest positve charge.
sleffect of the
3 Bwo-CH  grovg @Relntud Theory
H,—CH—0—(H, CI-{,—&-I—-G-I:—O—-G-I_ = When o mare electronegabive atom [k attached to
m ) the carbon then the shared pair of electrons mowe
Sobilized by slrong Destetasead by cowards the more electranegative atom. Carban has
+R-efiect of the —-efRax of the less electron density and it gains a partiol positive
-OCH, gioup —OCH, group charge



3.

Ans.

tey

4,

Ans.

Ans.

Covalent bonds can undergo fission in two

different ways. The correct representation
invalving the heterolytic fission of CHy —Br is

£\

CH,—Br—> CH +Brg

~

(b) CH,—Br——> CH,+Br

© ol B> Gy

s

H,—B——> (H,: &

(@

C)

® o, L8 s G

Bxplanation: Here the arrows represent the
directon of movement of electrons

Br iz more electronegotive than carbon. that's
why heterolytic fission occwre as

Homolytic fizsson ghes ffee mdical whereas
heterolytic fission gives carbocation and aarbanion

Intermediates.
Electrophiles are electron-seeking species.
Which of the following groups contoins only

electrophiles?

(a) BF4, NH4, H,0

(b) ALCl4, SO4, NH4

(c) NO3},CHY, CH;3;-C*=0

(d) C; Hs, C;Hs, CyHg
{EJ ND_} G‘f} CHJ -C=0

Explanation: Electrophiles are electron-

deficient epeaes. Hence. they are Lewis ocds

or ions with a positive charge. Here. AlCly. SO-.

NO3. CH3. CHz - C' ¥ O are electron-defident

Species

Hyperconjugation involvas delocaolisation of

(a) electrons of hydrogen of an alkyl group
directly attached te am atom of an
unsoturated system.

(b) electrons of carbon-hydrogem o-bond

of alkyl group directly attached to the
positively chorged carbon atam.

(c) m-electrons of the carbon-carbon bond.
(d) lone pair of electrons.

(b) electrons of carbon-hydrogen a bond
of alkyl group directly attached to the
positvely charged carbon atom

Bplanation: Hyperconjugation ig also lcnown

os caonjugation It is the delocalisation of eigma

electrons. The presence of a-H with respect
to a double bond. triple bond. or carbon-

Ans.

7. The

Ans.

containing posstve charge (carbonium ton) or
unpoired electron (free radical) is o conditon
required for hyperconjugotion
Which of the following does mnot show
resonance effect?
(o) Buta -1, 3-diene
(b) Acrylonitrile
(c) Nitrobenzene
(d) Isopropyl I[sothiocyanate

[Delhi Gov. QB 2022)

(d) Isopropyl zothiocyanate
BExplanation: [sopropyl sothiocyanate does
not show resonance

Resonance effect imvolves delocaobisaton
of m-electrons of two or more conjugoted

double bonds or non-bonding electrons and
s-electrone of a double bond. Hence, Isopropul

izothiocyanate ((H4);CH-SC=N does not show
resonance effect

stabilismtion due to resonance is

maoxdmum in:
(a) Cuyclohexane

(b) Cuclohexene
(c) Cyclol-4 diere

(d) Benzene

(d) Benzene

Explanation: Benzene hos three pi-bonds. It is
a very etable molecule Due to the presence of
resonance in benzene =z -g" chorge over the

benzene = distributed over o greater area. The
density of charge decrecses and hence the
stability increases.

Mesomeric effect is due to:
(a) Delocalisation of o-e
(b) Delocalisation of =z <
(c) Migration of H — atom
(d) Migration of protom

(b) Delocalisation of = —e~
Explanation: Mesomersic or resononce effect is

due to the delocalisotion of = -~ or complete
vransfer of z—¢" from one atom to anaother
atom when they are in conjugation

Assertion-Reason (A-R)

In the following question no. (9-12) a statement

of assertion followed by o statement of reason

is given. Choose the correct answer out of the
followling cholce.

(@)

Both (A) and (R) are wrue and (R) is the correct

explanation of (A).

(b)

Both (A) and (R) are true but (R) is not the

correct explanation of A

©)
(d)

(A) is true but (R) is false.
(A) is false but (R) is true.



9.

Assertion (A): Energy of resonance hybrid
is equol to the overage of
energies of all canonicol
forms.

Reason (R): Resonance hybrid connot

be presented by a single
structure. [NCERT Bcemplar]

Ans. (d) (A) s true but (R) is false

10. Assertion (A): Tertiory

Explanation: Resonance hybrid is more stable
than the canonical structures. Canonical
structures that are lower in energy make a
greoter contribution to resonance hybnd. Thus.
the energy of the resononce hubrid is equol to
the sum of energies of all canonical formsa. So.
here ossertion s correct but the reason i not
correct

carbocotions are
generally formed more easily
thon primory corbocatione.
Hyperconjugetion as wel
as an inductive effect
due to odditional alal
groups  stabilise tertiory
carbocations.

[Delhi Gov. QB 2022)

Reason (R):

Ans. (g) Both (A) and (R) are true and (R) is the

correct explanation of (AL

Bplanatiorn: An alkyl group ottached to the
positvely charged carbon of carbocation
mncreoses @ts etability by mductve effect (+f) as
it release electrons toward that carbon Thus.
the positive charge get dispersed

More the numbers of alyl groups greater =

the dispersol of positve charge and therefore
more easily it will formed.

i11.

Ans.

12.

Ans.

Assertion (A Allal carbonions like
ammonia hove a pyramidal

shape.
The carbon atom carrying
negaotive charge has an octet

of electrons.
[Delhi Gov. QB 2022)

(b) Both (A) and (R) are true but (R) is not the
correct explonation of (A)

BExplanation: As both ammonic and alal
carbonion hove lone poirs of electrons on the
central atom (3 bond paire + 1 lone pair). thus

they bath have a pyramidal shape.
Assertion (A)

Reason (R):

Inductive effect is
responsible for the dipole
moment in the molecules.

All inductive effects are
permanent polarisations in
the ground state.

(a) Both (A) and (R) are vue and (R) is the
correct explonation of (A)
Bxplanation: In the inductive effect the
bonded electrons are displaced towards the
more electronegotive otom. So. e oon ooy
that i the inducthve effect inoeases. the
polority of the bond increcses and hence
the dipole moment increoses. Also due to
the displocement of electrons towards the
maore EN atom. o permanent state of bond
polorisation occurs where the more EN atom

has o negative charge and the less EN atom
hos o positive charge. So. both the assertion

and reason are correct and the reason = the
correct explanation of assertion

Reason (Rk

(CASE BASED Questions (CBQSD

[ & & 5 marks ]

Read the following paossoges and answer the
questions that follow:

13. Hyperconjugation s the interaction of electrons

m a sigma (o) orbital (eg. CH or C() with
an adjocent wnoccupied non-bonding p or
antibonding a® or n® orbital to give a pair of
extended moleculor orbitals. Hyperconjugation
affects several properties ke dipole moment
bond length stabilty of carbocations. etc
The stability of carbocotions s in the order:
(CH2)C > (CH2)» CH® > (CH2) CHY* > OH5.
Inductive effect can be used to determine the
stability of a molecule depending on the charge

present on the atom and the groups bonded
to the atorm The inductnve effect also ploys o

vital role ;n deading the addity and basicity
of a molecule. As the number of groups with

tncreases, the ocdic character increases; as
the number groups with + effect increases the

baosic character inoreases

(A) Whaot additionol terminology is used

to describe hyperconjugation? In
hyperconjugation, which bonding

orbitals are involved in the overlopping?

(B) How maony hyperconjugation structures
-l effect ore possible for Iisopropul
radical?

(C) Answer the following questions:

@) Why ethene do
huperconjugation?

not show



(1) Arrange phenol, p-methyl phenol
m-nitrophenol ond p-nitrophenol in
order of increasing acidity.

Ans. (A) Hyperconjugotion is also lmown oz the

Boker Nathon effect or no-bond resonance
or c—z conjugation. The Delocalisotion
of electrons or lone poir of o- electrons
onto adjocent =-— orbal or p— orbitol is
called hyperconjugotion. [t oocurs due to
overlopping of - bonding orbital or the
arbital containing o lonte paoir with adjacent
orbital = - or p— orbital

(B) The number of hyperconjugative sructures
for isopropyl radical CyHy is 6.
The unpoired electron is shared by o total of
eeven atoms in the isopropyl carbocation
one carbon otom ond six hydrogen atoms.
due to hyperoconjugotion

H,C

© () Ethene does not show huperconju-
goton os it i dewoid of alpha
hydrogen. The presence of a-hydrogen

= the charactenstic feature of

hyperconjugotion
(@ The order of mcreasing cadity = as
follows
@ Related Theory

= As the number of - group increaszss the aadity of

the compound inoreassz and here NO, chows -
effect while CHy show + | effect Sa it will ehow mare
aodity as compared to phenol and p-metinyd phenol
At p-position -NO, group zhows M effect which
e more effecove than - effect ar m-pasition hence
p-nitrophenol & mare acidic than m-nitraphenol

14. The reaction mechanism (or reaction path) =

the process or pothway. by which a reaction
occurs. Reaction mechanism involves the
bond cleovage. attoockdng reagent reaction
mtermediote and the electronic effects. Bond
deovage can be keterolytic or homolytic
deavage The attacang reagents invohe the

electrophiles and nucleophiles. The next is
the intermediate which incudes carbocation

(positively charged carbon). carbanion
(negatively charged carbon) and free radicals
(electrically neutral species) Laost comes ro
the effects which include inductive effect
mesomeric effect. hyperconjugation and
electrametric effect Mesomeric or resonance
effect is defined as the polaonty produced
in the molecule by the mteraction of two
=-bonds or between a =m-bond and lone pair
of electrons present on an adjacent atom. The
resonance energy. or resonance stabilisation

energy. is the difference in energy between the
real mductive structure and the (most stable

contributing structures) waorst lkinetic structure.

The mesomeric effect s completely ddterent
from the inductive effect

(AT, C°, OH", CN and NH, are referred
as nucleophiles. Nucleophilic reagents

behove as .. .
(o) salts (b) Lewis’s acid
(c) Lewis bases (d) water

(B) Which of the following is the correct
statement regarding electrophile?

(o) Electrophiles are negaotively charged
species and con form o bond by
accepting a pair of electrons from
anather electrophile.

(b) Electrophiles are generally neutrol
species and can form a bond by
accepting a poir of elecrons from
another nucleophile.

(c) Electrophiles con be either neutral or
positively chaorged species ond can
form a bond by accepting a pair of
electrons from a nucleophile.

(d) Electrophiles are negatively charged
species and con form a bond by
accepting a pair of electrans from
another electrophile.

(C) Amaong the following which one is
most reactive towaords the electrophilic
nitration?

(o) Benzene (b) Benzoic acid
(c) Nitrobenzene (d) Toluene

(D) Select the correct statement from the
following option.

(a) Benzene ring has two different types

of bond lengths for single and double
bonds.

(b) All the bond lengths in benzene are
equal due to resononce.

() Al the bond length in benzene is
equal due to hyperconjugation.

(d) All of the abouve



(E) How does increasing the number of alphao
hydrogens affect hyper-conjugation?

(o) It will increase.
(b) It will decrease.

(c) It will remaoin the eame.
(d) Not defined.

Ans. (A) (c) Lewis boses

Explonation: Nucleophilic reagents are
electron-rich species and thus they
behowe os Lewis baoses They ottadc on
the electron-deficient areo and in case of
the some nucleophilic site. it parallels wath

the basicity. As the basidwy inoreoses the
nucleophiliaty also increases.

(B) (c) Electrophiles can be either neutral or
positvely charged spedes and can form
o bond by accepting a pair of electrons
from a nucleophile

Explonation: A chemical species that
occepts on electron pair and forms
bonds with nucleophiles & lnown as an
electrophile Electrophiles carry o positve
charge and some are neutral in noture
They hove o portial positive charge on an
atom or locdc an octet of electrons. They
receive electrons therefore. they ore Lewis
oads. Some examples of electrophiles are
BR. H30°. A, R, etc

(O (d) Toluene

Explonation: In toluene. the -CH; group =
an electron-releasing group and the nitro
group 8 an electron-withdrowing group.
So. the electrophilic substitution of the
-NO; group is paossible here. In benzene.
also nitration is possible. But its reactivity
toward electrophilic nitration is less thaon
toluene due to the absence of electron
releasing group. Benzoic oad hoa a -CO0OH

group and it s an elecron-withdrawing
group. So. electrophiic nitration is less
reactive. Similarly in nitrobenzene. -NO-
group i electron-withdrawing group. So.
it iz less reactive towards electrophilic
nitrabion.

H,C

Structure of toluene
(D) (b) All the bond length in benzene s equal

due to resonance.

Explanation: Al the bond lengths in
benzene are equal due to resonance.

@ Related Theory

e

Benzene = a cydic structure coniaining alfernate
C-C and C=C as shown In the figure Benzene chould
edibZ two different bond length. due to the C-C
and C=C structures bonds C-C have a bond length
of 154pm and C=C have a bond length of 134pm.
However, experimentolly benzene hos o uniform
CLC bond length of 139pm. an intermediate value
between both the bonds According to the resonance
theory the octuol structure of benrene [ the

resgnance hybrid structure.
Resonoting Kezonanos
Seructure Huybrid

(B) (o) It will increase
Explanation: On inceosing the number
of a-H. the number of hyperconjugation
sructures ncreoses.
Hyperconjugation o« number of
a -hydrogen.

(VERY SHORT ANSWER Type Questions (VSAD

[1 mark ]

15. Describe the term electrophile. Give an

example of neutral electrophiles.

Ans. The reagents which atack the negotve part

of the molecule are called electrophiles.
Electrophiles are positvely charged or neutral
They are elecuvon-loving groups Bxample:
NO,*

Bxamples of nmeutrol electrophiles aree BR
AlCly SO

i6.

Ans.

Clossify the following into electrophiles and
nucleophiles:

H®, NHj, AlCl,;, NO,®*, CN™, H,0, ROH, RNH,,
Carbocation [Delhi Gov. QB 2022

An electrophilz is a chemical speciez thaot
form bonds with nucleaphiles by accepting an
electron pair, these are generally positive ions
or neutral atom with less number of electrons.
Thus H°. AICl;, NO;® and carbocations are
electrophiles.



A nucleophile is o chemicol spedes thaot form
bonds with electrophiles by donaoting an
electron pair. these are generally negotive ions
or neutral atoms with lone parr of electrons.
Thus NHa CN. H;0. ROH and RNH, are
nucleaphiles.

17. Draw the resonating structure of CcH¢NO,.

N WA R W R

Q-0

-

18. Which of the following ions is more stable?
Use nesonance to exploln your onswer.

CH, (83
b —
A (B)
[NCERT Exemplar]

Ans. Carboaation (A) & more stoble than carbocatian
(B) because corbomtion (A) is more polar
than carbocation (B) It undergoes resanance.

Further, the double bond is more stable within
the ring in comparison to outside the nng.

CH, o,
O (Y
@ ®

(SHORT ANSWER Type-l Questions (SA-ID

[ 2 marks ]

19. What is the effect of introducing an alkul
group on the stability of a free radical?
[Delhi Gov. QB 2022]

Ans. Allgyl group shows a positve inductive effect
(+). thus it will donate the electron to the free
rodical The higher the electron densitu. the
higher will be the stabilitu. Hence. we con soy
that introducing an ollyl group wall enhance
the etability of free radicals.

20. Why does SO; act as an electrophile?
[NCERT Exemplar]

Ans. Dus t the presence of three highly
electronegative oxygen atoms the sulphur
atom becomes electron-deficient Further
due to resonance. sulphur ocquires o positve
charge. Both these factore are responsible for

the electrophilic natere of SO4.
Sepl: L - e

= Lys 3
— .l |‘-='-" S —— 22 =
:0—38 G 0 =S O:
S e

e X — 5
:9_5_“: :9:S=“:
_:D—S'—U= —r :D=IS—C}:

21. Identify the reagents shown in the following
equations as nucleophiles or electrophiles.

(A) CH;000H + HO™ — CH;COO0" + H,0

(B) CH3;COCH;3 + CN — (CH3); C(CN)(OH)
(C) CHe + CHy €O — CeHg COCH,

Ans. N~ and OH™ are nucleophiles and CH,CO*
iz an electrophile because the negatively
chaorged ions or lone pair possessing atoms
are nuclegphiles white the positvely charged
or neutrol tons ar groups with fewer electrons
are electrophiles. A nucleophile is a chemical
spedes which in relation to a response, gives an
electron pair to form a chemical bond while an
electrophile is o positively charged or neutral
spedes with an emply orbitol attracted to a
centre rich in electrons.

A Cautlon

= Dont get confused about nudeophites and
electrophdes Nucdeophiles are the electran donar
speces and e electrophiles are e elecoran

QOCeptor Specres.
22. Draw the resonance structure of the
following:

(A)CH;=CH-C: (B) CH,=CH-CH=0
Ans. The resonance structure i a8 follows

Ye. U &

(A) CH,=CH- Q:€> OH,-CH= &-
()

H,=CH-C=0 (—)U—Q&C?ﬂ#—v
I I
- i

+ -—
CH,-CH=C -0

T )



(SHORT ANSWER Type-Il Questions (SA-Il))

23. Give three points of differences between

[ 3 marks ]

inductive and resonaonce effects.

Ans. S

No.
(1)

(2)

0

Inductive
effect

The inductive
effect invalves
displacement
@-€~ and ooccurs

only in soturated

Resonance
effect

It involvea =-&~
or lone pair of
electrons and
occws only m

unsoturated

compounds and conjugoted
system.

The inductve [t is opplicable oll

effect can move along the length

up to three of the conjugated

carbons atonns  system.

In the inductve
effect. there

is aslight
displocement of
electrons and
thus only partiol
positive and
partiol negotve

' charges oppear.

[n the resonance
effect. there

s o complete
transier of
electrons so

full positve and
negative charges
appear.

24, Write structures of warious carbocations
thot can be obtained fram 2-Methyl butane.
Arrange these corbocations in order of

ncreasing stability. [NCERT Exemplar]

Ans. Carbocation iz formed when o hydrogen ion
leoves with the electron of the bond from

an aleane Following four carbocotons are
possible for 2-Methyl butane

C"k M = ()]
CI—[I_(-;_'-;—CJ-IJ—C]-l, c:-l,—ci':l—i—c:-l,—cz-l,
CH, CH,
() (V)

Terbory carbocations are most stable due to +f
effect of three alkul groups. hence (lll) is most
stable. followed by secondary carbocations (1)
in this case and primary carbocations (1) and
(IV) are least stable Out of () and (V). () &= less

stable.
Hence. the order of stability i= () < (IV) < () < ()

25. Benzyl carbocation is more stable than ethyl
carbocation. Justify.

Ans. Benzyl carbocation is more stable than ethyl
carbocation because. in ethyl carbocation
hyperconjugation of three a-H s present while

in benzyl carbocation. resonance s present

In comparison to hyperconjugotion. resonance
iz the stronger effect due to the delocalisotion
of =-bond. Thus benzyl i more stable than
ethyl carbocation

Benryl
Carbocation

One C-Cbond

\/

+C—CH,

/

H

Ethyl

A Caution

- SQudents might get confused beoween benryl
ambocation and phemyl carbocation stobility
Remember that Bensyl carbocation i a more stable
one due to &s resonance in & Phenyl carbocation
(CHs*) doe< rot have resonance



(LONG ANSWER Type Questions

[ 4 &5 marks ]

26. Drow the resonating structure of the
following compounds. Show the electron
shift using curved arrow notation.

Ans. (A) CgHsOH

(A) CgHsOH
(B) CgHsNH;
(C) CH, COO~

:0—H +0—H +O—H +O—H :0—H
G C
&
=—> DH > >
>
(B) CgHNH>
@ 2 @jf—} . E—
(O CH3000~
(;}Qi (::,q:
H—C  <«<—> {—C_
20 i
Z7. What are the different types of conjugation /\
in resonance? /\/ /\/
Ans. Different types of conjugation in resonance are = e — © =

(1) ®=x conjugation: [f there are two - bonds
in conjugation then the electron of the one
7— bond is transferred to the other

®
—H€<—>H,—CH=C—H

C
[ |
o o

(2) & lone poir conjugation: If there iz lone

O, =CH—

poir or a negative charge and =&~ are in
conjugation. then the lone paoir of electrons
or negative charge are transferred towards

2 ... B
5’) = & fn
|

|
C S H"-\ /C‘--...,_
) |
H
1

(3) & vacant orbital conjugotion: i there =
o positve charge (vacant orbitol) and =-
bond are in conjugation then electron of =-
bond are transferred towords the positve
charge

(9 = unpaired electron configuration: If

there is an unpoired electron and r-bond
In conjugation

OL——H—CH, > O, — CH—CH,
Radicaol

(5) lone pair - vacant orbital conjugation:
If there iz a lone pair or negotive chorge
and vacant arbital or positve charge are
in conjugation then the electron of the
negaotive charge & transferred towards the
positive charge

, N H e H
Lon= pair to bond H-—N €T—> H_Q=C\.|
; ;
Bondtobond  “NAPcgl € H@C’C"-‘?’H
1
H H U

Bond to lone pair



28. Define resononce stabilisotion energy. Drow
the resonating structure of CH3NO, and also
describe its bond length details.

Ans. The difference in energy between the actuaol
and the lowest resonance structure s called
the resononce stobilisotion energy or the
resonance enefguy.

Nitromethane CH3NO, is the simplest organic
compound having nitro as the functonal group.
Nitromethane s widely lnown as the nitro-
booster used in the drog-rodng engine. it = a
colourless liguid with o strong pungent snnesll
thot produces fumnes of nitrogen oades when
decompaosing violently when overheated The
resonance in nitromethane can be represented

by two resonaoting structures. Two wpes of
bonds are present in these structures.

& CH,
C\'L —
7. M
o7 (s 0\/)\\?

Resonating structure of GH;NO4

The wo bonds of nitromethane are of the
same length (te. intermediate between N - O
and N = O) due to resonance. Thus. the actual
structure of nitromethone i2 o resonance

hybrid structure of two canonical structures.

R 4




METHODS OF PURIFICATION

'TOPIC1
METHODS OF PURIFICATION OF ORGANIC COMPOUNDS

The most common techniques employed for the
purification of organic compounds are

(1) Sublmouton

(2) Crystollisoton

(3) Distllotion

(4) Differentiol extraction and

(S) Chromatography

After using any of the techniques. the purity of

the compound is done by determining the melting
or ite boiing point. The pwe compounds mostly

show sharp melting ond boiling points Nowadoys
chromatogrophic and spectroscopic techniques are

ueed for determining its puritu

Sublimation

It iz a puriicotion technique. in which on heoting
some sobd substances it directly changes to vapour
phose without the mvolvement of Lquid phose This
principle is known as sublimation. This method is
used for purifying sublimable compounds from non-
sublimable impuriues Exomple. tmpure somples of
nophtholene. comphor, dry ice and solicybc ocod can
be purithed by this method

| i*‘-‘&* 7 " ?ﬁ:\

Camphor (Sobd)

Example of sublimaton process where the caomphor
is directly possing from solid o the vapour phose no

exastence of Liquid phose

Ue=d in diye= Gas

Crystallisation

This method @& commonly employed for e
purification of solid orgonic compounds. Also it s
suitable for the mbttures of the compound that hove
a higher solubility n one soclvent and hove o lowesr
solubility in another solvent. The prinaple behind this
iz the solubiity difference between the compounds
and the impurities that are present in the suitable
solvent. The compounds thot are impure are dissohred
in o suintable solvent where it is partally soluble at

normaol room temperature and completely dissolvable
ot higher temperotures. The solution ie kept a
concentrated one to maoke it o soturated eolution
On cooling this. the pure substonce crystollises out
and can be eeparated by means of filtration and the
remnoining solution contoins impurities and scarce
amount of compound which is colled mother Lquor.
The octivated charcool is used to remove the colour
imparted by impurities by means of od=arption. The
process had to be repeatedly dane for the substances
having impurfdes of compaorable solubility.

£ \\

8 N

_.:-."_‘.'."_- & s

A real-llfe example of crystallisation of salt fram seawater.

Distillation

The method con be used to separate :

(1) Voloule bquids from the non-volotile impurities

(2) Ligquids that have good differences in their boiling
pomts.

(3) Chloroform (bp334 K) and aniline (bp457 K) can
be easily eeparated by this technique.

The pnnaple behind this is different organic
compounds show different boiling points that can
vaporise at different temperatures. These vopours are
cooled and the liquid formed are eeparately collected.
The impure Liquid mbcture is heated in a round bottom
floslc On boiling this. the compounds howing lower
boiling points are obtoined first and this is condensed
by the condenser and the condensed liquid is collected
in a receiver. The condensed vapour of a higher boiling
Liguid is collected eeparately. Example chloroform and
aniline. benzene and aniline.



Simple distllation. The subatance vapows get candensed and collected as a iquid in a conlaal flask.

Fractional Distillation

if the mbaures of o compound hove o small difference
in boiling point. then. simple distillotion cannot be
ueed. Due to this. the compound vaporises and gets
condensed simultaneously at the some temperatue
For this froctionol distillotion method = wused The
vapours that are formed are ollowed to poss through
o fractionating column before the vapours enter for
condensotion. The vapours with a higher boiling
point get condensed fwst and then the vopours of
o lower boiing point condense. The fractionating
column gets attached to the mouth of the rownd
bottom flask. The vapours which reach the top of the
column first are rich in the more volotile componenta
The fractionotung columns are ovoiloble in various

sizes and designs. it provides more surface for the
heat exchange between ascending ond descending

vapouss and gets revaporises. The vopours are rich
in low boiling Liguid which ascends to the tap of the

column ond vapowrs become pure which passes
through the condenser and the pure liquid is collected
in a receiver. After repeoting the some process. now
the remaining bquid mostdy contains the high boiling
component which on condensation con be collected
Each vaporisotion and condensotion unit present
in the column iz colled o theoretical plate which =
available with hundreds of plates

Application: Fractional distillotion technique is used
to seeparate different components of crude ail from
petroleum.

lquid

Distilloton under reduced pressure purify Lquids
hoving o higher boiling point and the compounds
which decompose below their boiling point Such
Liquids are boiled at o temperature below their actual

boiling points by reducing pressure on their surface
The boiling of the Lguids under reduced pressuse

mokes their vapour pressure be equol to the pressure
outside or external pressure. The pressure of the set-
up can be reduced with the help of o vacuum pump
or woter pump.

Application: By using this technique. the glycerol
present in the spent-lye can be separated. which &
employed in the soop industru.

) |

[ ]
e

ety
iatat,

()
L]
L "‘

Different types of fractionating columns
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DhSed fmuid

The set-up for Dizzillation under reduced pressure method

Steam Distillation

Steam distllotion meethod s employed to separate
substances thot exist as steom which are volotle

and these vapours are immisable in water. In this
steam method. the boiling of bguid starts when the
sum of the vapour pressure due to organic bquid (p,)
and the sum of the vapour pressure due to water
(p7) will be equaol to the atmosphenc pressure (p). ce.
p = p; + ps- Snce the vapour pressuse of the Liquid
15 lower than the otmosphenc pressure. the organic
liquid gets vaporised ot o lower temperature below
its boiling point. The steaom ia generated from the
steam generator which is possed through the heated

[ e

floask contamimg a Lquid that hos to be distlled A
mbdure of the steam mbdure and volatle organic

compourd is allowed to condense and then collected
Then the orgonic compound can be separated by a

separating funnel from the water. In o mbcture. one
of the substances is water and the other substance

is water-insoluble one then both of them will closely

bod below 373 K Then the mobdure containing water
and the other substance can be eeparated using a

separating funnel

Application: Aniline s separated from the water by
this technique in an aniine-vwater mbaure system.
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Differential Extraction

if the orgonic compounds hove lesser solubility in an
organic eolvent. A lorge quantity of solvent will be
required to extract the small amount of the compound
present in it In such cases. differentiol extraction &=
used. The extraction of compound is done with the
some solvent every time. The orgonic compound in
the ogueous medium can be sepaorated by shaoling
them which forms two immiscible distinct loyers
these loyers are seporated using a separating funnel
The organic eolvent can be removed by evaporation
or distillation to get the compound bodc This is olso
called continuous extraction

Organic
Solvent compound
layer In solvent
Layer
Organic
compound i
in agqueous e
layer
Before extraction After extraclion

Differential extraction takes place an the boya of
difference in thesr solubitiny

Chromatography

Chremotogrophy technique is mostly employed to
separate. @ moture of compounds into indnadual
components. purify the compounds and test thew
purity of the compound The word chroma (from
chromatography) is derived from the Greek word
meaning colour. This method & employed for
eeparating the colouwred substonces found m plants
There are two phases involwed in this.

0 C

Stationory phase: The substance is applied on a
stotionary phaose it moy be a solid one or Liquid. The
pure eolvent or mixture of solvente or qas is ollowed

to flow slowly over a stationary phase. During this
process. the mdividuol components get separated
into one another.

Mobile phase: The phase which s moving & called o
mabile phase. It moy be o lquid or gos.

The chromotography is classified into owo different

categories based on the different principles they are
used

(1) Adsorption chromatography
(2) Partiion chromatography.

Adsorption Chromatographu
Principle: It is based on the principle that different

compounds get adsorbed at different degrees in an
obsorbent. The odsorbent mostly employed & silica

gel or alumina.

When o maobile phose posses through o stationary
phose, the components in the mixture move over the
stotionary phase at different distonces.

The wtwwo mmportant techniques bosed on the
differentiol adsorption principle i

(1) Column chromatography

(2) Thin-loyer chromatography

Column Chromatography

Column  chromaotographic technique involves
separating the modure of components using o column
of adsorbent which acts o= o stabonary phase. The
column is pocked inside o gloss tube and o stopcock
ia fitted with the lower end of the column. The mocture
that & adsorbed on an adsorbent is placed on the
column’s top. An eluent (o mbaure of bguid) will flow
down through the column Based on the degree of
odsorption of compounds the complete separation
will be done. The most adsorbed compound will be
ot the top and other compounds are odsorbed at
different distances in the column
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Thin-Layer Chromatography (TLC)

Thin-loyer chromatography separates the mbdure
of components using a thin layer coated on a glass
plote that acts os an adsorbent (Stationary phase)

The adsorbent (Siica gel or aluming) = applied as o
thin loyer (0.2 mm thick) over a gloss plote. This plate
ig8 lowown as o thin-loyer chromatogrophic plate or
chrome plate. The mbdure to be separated is opplied
as o emoll epot of about 2 em at one end of the TLC
plote. The plote is then ploced in o closed jor that
contains the eluant As the eluant rises to the plate.
the mbdure's components nse at varying distonces
depending on their degree of adsorption. resulting in
component separation. The relotive adsorption of the
individuol components in o mbaure can be expressed
by the retardation factor Ry value

_ Distanca mowed by the substance from baseline (x)
i Distance moved by the solvent from baseline (y)

Chaoracterisation: The TLC plote show spots of
coloured compounds due to their original colour.
Some compounds are colourless. these can be
visualised by plodng the plate under fluorescence &
ultroviolet light Another method is plodng the plate
in o contoiner that contains a few iodne crystals, the
components which absorb todine will show brown
spole or some reagents can be sproyed according to
the specific compounds.

E.g., Ninhydnn soluton is spraysed over the plote w
dezect amino odds.

Example 4.1: Case Based:

Chromategraphy is a separation process in which the
components to be eeparated are distributed between
two phases a stationary phase and a mobile phose

© ®
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that flows through it n o specific dorectiornn. Column
chromatographic technique involves separating the
mocture of components using a column of adsorbent
which acts os o stationary phose. The column is
pacced inside a gloss tube and a stopcock is fitted
with the lower end of the column The modure
that is adsarbed on an adsorbent & placed on the
column’s top. An eluent (@ midure of liquid) will low
down through the column Based on the degree of
adsorption of compounds the complete separation
will be done The most adsorbed compound will be

at the top and ather compounds are adsorbed at
different distances m the column
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(A) Whaot type of chromotography is given in
diograms (A) and (B)?

(o) Adsorption chromatography and gaos
chromatography

(b) Thin-loyer chromaotography and column
chromatography

(c) Partition and thin-loyer chreamatography
(d) Partition and paper chromotography.

(B) What is the mobile phose and stationory
phaose used in diogram (A)?

(o) Thin loyer of olumino or silica gel and
liquid.

(b) A plastic-supported plate and gos.

(c) Thin layer of alumina or silica gel and gas.

(d) Liquid column ond solid.

(©) What is the principle used in the diogram (A)
and suggest which type of molecules will hove
o smaller retention factor value?

(D) What Is meant by the retention factor?

(E) Assertion (Ax TLC is a tuype of adsorption
chromatographuy.

Reason (R): TLC separates compounds based
on their differentiol adsorption
(a) Both (A) and (R) are true and (R) is the

correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the

correct explanation of A

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.
Ans. (A) (b) Thin-layer chromatography and coluwmn
chromatography.

Explonation: The given diogrom comes
under the separation technigue of thin-

loyer chromaotography and column
chromatography.

(B) (o) Thin layer of alumma or silica gl and
Liguid

Explonation: Thin-loyer chromatography
is employed for the separation of o mbaure
of components using o thin-loyer coated
on o gloss plate thot acts os an adsorbent
(stationary phose) and the mabile phase
ic o ligwd The adsorbent (S#ica gel or
oluming) iz spread over o gloss plote as
o thin loyer (0.2 mm thicq. This plate is
[cnown as thin layer chromatography plate
or chrome plote.

(C) The pringple used in the diogrom A & to
separate the compounds bosed on their
polaority. The more polar the compound. the

more will be the adsorbent and the emaller
the distance it will ravel and hove o emall
Ry value.

(D) Retentan factar Rr- The retention factor is

the volue of the ratio between the distance
wrovelled by the anaolyte to the solvent front

on a chromotogram.

F'__E}Izmnnm maved by the sukstonon from bozelne (x)
v Divmeen monwed by he ooluewe from baselems (y)

©® (© (A is vue but (R) & foise

Explonation: Thin layer chromatography
is used to separagte compounds n a
mocture baosed on the polarity. Not on the

differentiol adsorption wpe It is meont for
column chromaotographu. So (A) is true and

(R) is false
Partition Chromatography

The compounds in o mbaure are separated by
contnuous  differential  portiioning  between
stationary & mobile phosea Paper chromatography
comes under partition chromatographu. in which a
special quaolity chromatography paper is used. The
chromatography paper contains water that serves as
o stationory phaose

Process: A spotted chromatogrophy paper strip is
suspended in o suitoble eolvent or o combination
of solvents thot serves oa the mobile phase The
eolvent rizes ond runs over the spots due o capillary
oction. Accarding to ther parttoning. the paper
preferentially retoins distinct compaonents at different
phoses.

Development The developed paoper stip is
aolled chromatogram. The component spots on the
chromaotogram are visiole ot various heights from
the beginning spot on the chromatogram. Under UV
bght or by sproying o suitable reagent. the dots of
oolourless substances can be seen
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' TOPIC 2
QUALITATIVE ANALYSIS OF ORGANIC COMPOUNDS

The organic compounds chiefly contain carbon and
hydrogen. in addroon to this oxygen nitrogen. sulphur.
hologens and phosphorus are olso present in smnaller
concentrabons.

Detection of Carbon and Hydrogen

Carbon and hydrogen present in the compound are
detected by heating the compound with copper (U)
oxide which aocts as an oxdising agent It oxidises

carbon to carbon dioxide (tested using bme water
which develops turbiditu) and oxadises hydrogen to

woter (tested with anhydrous copper sulphote which
rurns the solution to blue coloured)

C+20u0 —— 20Cu + 00,

2H + WO —25 Cu + H;0
Q0;, + Ca(0OH); — Ca004 4+ H,0
SH;0 + CuSO4 (white) —» CuSO,SH;0 (blue)

Detection of other Elements

Nitrogen. sulphur. hologens and phosphorus n o
compound can be detected by Lossoignes test
Sodium metol fused with elements to convert from
the covalent form into ionic form The followang

reactions take place
Na+C+N —2>5 NaCN
2Na + S —— Na,S

Na + X —— NaX
(=A Bl

C. N. S and X come from an organic compound. By
boiling the fussed maoterial with distlled water. the
cyanide, sulphide and halide of sodium are extracted.

The obovwe extrocted bGquid i= called sodium fusion
extract

(1) Test for Nitrogen:
A gmoll amount of sodum fusion edtroct =
boiled with tron sulphote. which is oodrhed

with sulphuric add. The presence of nitrogen
iz confirmed by the formaotion of Prussion blue

colour.

Sodium cyaonide reacts with won () sulphate
and forms sadium hexacyanidoferrate () Which
iz then heaoted with sulphuric ocid ond oadises
some iron (i) ions to ron () tons which then
reocts with sodium hexacyanoferrate to form

wran () hexacyanoferrate (1) (ferric ferrocyanide-
-Prussion blue).

60N + Fe?® - [Fe(ON)]*

IFe(CN)]*" + 4Fe®® —2°  Fey[Fe(CN)dl
xH70  Prussian blue

(2) Test for Sulphur:

On acidihcation of sodium fusion extract with

rutric ocid using acetic acd ond lead acetote A
black preapitate of [ead sulphide formed indicates
the presence of Sulphur.

S? s Pb?* - PbS(bladk)
A smaoll omount of sodium fusion extract is reated
with eodium nitroprusside and the appeorance of

violet colour indicates the sulphur present in the
compound.

$2: [Fe(CN)g NOJ*~ — [Fe(CN)g NOS]* (Violet)
I both Nitrogen and Sulphur are present in
an orgonic compound. instead of violet colour.

o blood red -coloured sodium thiosulphate i=
formed. There are no free cyanide ions o Prussian

blue can be formed.
Na+C+ N+ S — NoSCN
Fe®® + SON™ — [Fe(SCN))**

(Bload red)
The sodium fusion extract is treated with an excess
sodium and then the thiocyonate decomposes to

form cyonide and sulphide.
ZNa + NaSCN — NaON + Na5S

(3) Test for Halogemns:

() On oadification of eodium fusion exdract with
nitric add. which is then treated with silver
mitrate forms o white precpitate which s
insoluble in ommonium hydroxdide indicates
the chlorine present in the compound.

(@) Yellow predpitate that iz portially soluble in
ammaonium hydroxade indicates the bromine
presence i an argonic conmpound.

(@) Yellow preapitate msoluble in ammonium
hydroxade indicates the iodine presence

X +Ag®*— AgX
[X represems halogen - chlorine, bromene or iods=]
(W) they olso mclude nitrogen or sulphur, the
sodium fusion extract is first boiled with strong
ritric odd. which decomposes to generate
sodium cyonide or sulphide in Lasaoigne's test
Sdver nitrate reacts with these ions
(4) Test For Phosphorus:
The compound is treated with an oodising agent
(sodium peroade). [t oxadises the phosphorous to
phosphate. The solution is bofed with nitric aad
and ammonium molybdate is added. A yellow
colour precipitote mdicates the presence of
phosphorous.



Nu;POd + 3HN03 —> H3P04 + 3NDN03

HaPO4 + 12(NHg)» MoOy4 + 21HNO,
(Ammonium meolybdate)

(NHs PO 12M0oO3 + 21NHNO; + 12H,0 <

(Ammaonium phosphomolybdote)

Example 4.2: Case Based:

Raju and Meenao are doing the qualitotve anclysis

bosed in the loboratory. They are detecting different

components in a mocture. Bosed on the observation
identify the compounds.

(A) On acldificotion of sodium fusion extract with
nitric ocld, which is then treated with silver
nitrate. Forms a white precipitate thaot is
insoluble in ommonium hydroxide. Which of

the given element is present in it?
(o) Bromine (b) Phosphorous
(c) Chlorine (d) Sulphur
(B) On treating the sodium extract with sedium

nitroprusside, oppearance of violet colour
indicates the presence oft

(a) sulphur (b) oxygen
(c) nitrogen (d) chlorine

(©) Which forms a black precipitate on acidification
with nitric acid?

(D) Write the test for phosphorous.

(E) Assertion (A A small amount of sodium
fuslon extract is reacted with

sodium nitroprusside, the violet
colour of the mixture indicates

presence of sulphur.

Reason (R): The violet colour is due w

the formatlon of sodium
thionitroprusside.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of A

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) (0 Chlorine

Explanoton: On aadification of sodwm
fusion extract with mitric aad. which is
reoted with silver nitrate solution forms
o white precipitate which iz insoluble
in ammonium hydroxde indicating the
presence of chlorine.

O + Ag® —» Agd
(white ppL)
(B) (o) Sulphur

Explanation: The sodiumn fusion exaroct
g treated with sodium nitroprusside; the
oppearance of violet colour indicates the
sulphur present m the compound.

S + [Fe(CN)eNOJ* — [Fe(CN)NOS]
(Violet)

(C) On ocadification of sodium fusion extract
with nitric odd by acetic acid and lead

acetate. Lead sulphide is formed (blode
precipitate) indicating the presence of

sulphur in the compound.
S* + Pb2* - PbS
(Blocx)

(D) The compound is treated with an oxidising
ogent (sodium peroydde). It oxidises the
phosphorous to phosphate. The oxadised
solution is then boiled with nitric oad
followed by the oddition of ammonium
molybdate A yellow colour preapitote
indicates the presence of phosphorous in
the compound.

H3P04 + 12[NH4}2M004 + 21HN03
(Ammanium phosphomalybdate)
— (NHa PO, 12M004 + 21NHNO3 + 12H,0

(Ammonium phosphomolybdate)
(E) (o) Both (A) and (R) are rue and (R) = the
correct explanation of (A)

Explanation: The sodumn fusion extract
is treated with sodium nitroprusside; the
appearance of viclet colour indicates the

sulphur presence. The violet colour is due to
the formotion of sodium thionitroprusside

$* + [Fe(@N)NOJ* — [Fe(QN)sNOS] =
(Vicley)

" TOPIC 3 |
QUANTITATIVE ANALYSIS

Quanutative anolysis is o technique which determines
the percentoge composition of components present
in an organic substance This can be determined by
the following methods

Carbon and Hudrogen

Carbon and hydrogen can be estimated by burning
the organic compound in the presence of excess

oaygen and copper (If) oxade which acts as an oxadising
ogent. It oxddizes carbon and hydrogen to carbon

dioade and water.



The U tube contaming anhudrous colaum chlonde
which is weighed iz wsed for the determination of
maoss of the water produced. the micture s ollowed
to poss through the U wbe The carbon dioxide is
absorbed by the concentrated solution of potassium

dioxade and water wsing this percentage of moss of
the carbon and hydrogen can be esumated

Let the mass of arganic compounds be m(g). m; be
the mass of water and m;g be mass of carbon dioxdde.

. . 12xm,=x100
hydroxide m onother U tube These U tubes are Percentoge of carbon =
connected in a linear or sefies manner. A4
i ] ; ; 2 100
T!'_Le pun?aanwm hydraiade and calaum -Ehrlﬂ-fﬁj-e Mass A — X Imy, X
will be increased due to the obsorption of carbon 18xm
Co
Caombiecion Sample in Coarae guimc
plotinuwm Quo
@ Fuvnoen
CuD CuD
gauge gougo
Arhedoous iOH solution
colawm an azbestoz
Purn diy chlonde
auygen

Apparatus used far the estnotion of carbon and hydrogen wisch an cadation forms aarbon dloxdde and water.

Example 4.3: On complete combustion 0f 0.246 g
of an orgonic compound, it gives a 0.198 g of
carbon dioxide and 0.1014 g water. Determine the
percentage composition of carbon and hydrogen in

the compound.

Ang. Percentage of carbon = e
44x0246
= 2195%
Perc of hydro 2x0.1014x100
Sriege OT IAPIERE T 80246
=45B%
Nitrogen

Two methods are used for the esumanon of nirogen
(1) Dumos method

(2) Geldohl's method.
Dumas method

The orgaonic compounds that contain nitrogen is
heoted with copper oxide in the carbon dimade
atmnosphere ghing free nitrogen with carbon dioade
and warter.

C‘H?NJ+(1‘—;-"5)DJO 5 xCO, +%I—50+%N7+[h; ”]c:u

By passing the gaseous mbdure over a heated copper
gouze. a lorge omount of nitrogen oxide s generated.
whsch s reduced to nitrogen. The mbaure s allowed tw
paoss through an ogueous potassium hydroxade solution
wtech absorbs the carbon dioxide The nitrogen e
collected m the groduated wibe's upper secton
Let the mass of arganic compounds = m(g)
Volume of nitrogen collected = VymL
Room temperature = T,K

PV, x273
Volume of nirogen at STP(W) = ———

760xT,

Where P; and V; ore the pressure aond volume of
nitrogen, P; will be different from the atmospheric
pressure.

The value of P, can be calculated by the relatiorc
P, = Atmospheric pressure -oqueous tension

24000 mL N5 at STP weighs 28g

. 28xV
V mL Ny ot STP weighs =
i . 22400 2
28xVx100
Percentage of nitrogen = et %
22400



= CuO +ogmnic compound

¢ Roduced Cu gauro

Mesarmy Seal
Natrometer

Dumas Method

Example 4.4: In Dumno's method, when 03 g
of an organic compound gaove 50 mL of nitrogen
collected at 300 K temperature ond 715 mm

pressure. Calculote the percentage composition
of nitrogen in the compound (Aqueous tension ot

300 K= 15 mm).

Ans. Volume of nitrogen collected ot 300 K and
715 mam pressure is 50 mL

Actuol pressure = pressure — pressure due to
agueous tension

= f15=15
= 700 mm
. Plelez
Volume of nitrogen ot STP (V) = ———=
T, xP,

(T, and P; are the standard pressuwe and
remperature volues)

_ 273x700x50
300760

1dahle
k:TFtF?I:.'ml:

=419 mL
22400 mL of N5 At STP weighs = 2B g

2B=4189
419 mlL of nitrogen weighs = ———g
22400
Percentoge of Niirogen

28x 41 9x100

22400
=524%

Kjeldahl's method

When o nitrogen-containing compound is heoted
with conc sulphuric ocid. nitrogen is converted to
ammonium sulphate. The resulting mbdaure is then
heoted wath sodium hydroxdde in excess. An excess of

sulphuric acid solution obsorbs the ammonia gas The
amount of ammonio produced is equal to the amount
of sulphurnc oad consumed. The unreacted sulphuric

acid (which does not absorb ammonio) s ttrated
with a normaol allal solution. The difference between

the initial and final omounts of acid consumed and
remaining after the reaction can be used to estimate
the amount of aad that remaoine unreacted.

Cecatents of
° azik §
after digaztian _
o NoO .
o 3
Imownm
volurno of
cnandard
acdd

iGeldahl method for detecting the nirogen

Organic compound + H;S04 — (NHg);S04
O ) Na;SO4 + 2NH3 + 2H,0

Let the mass for organic compound taken = mg

Volume of = (NHg), SO, taken =V mL



Volume of NaOH molantu M. wsed for the ttration of
excass of H;S04=V; mL

v
V; mL Of NaOH of molarity M = — mL of H;S0, of
2

rmolanty M

Vv
Volume of H;S0 4 of molorty M unused = V—;I ml
Vi Y
V——Z- mlL of H,SO,4 of molarioy M = 2 V——z-

mL of NH; solution of molariny M

1000 mL of 1 M NH; solution cantaine 17g of NHy or
14g of N,

Vv
U——2L mL of NH5 solution of molarty
14=M=x2 (V-l}]
Contains: N
1000
14uln E(U—U%) 100
Percentoge of nitrogen = z —
1000 m
14aM=2 (’U—\—m)
_ 2
m

Non-suitabilitye This method is not applicable for
compounds even they contain nitrogen bke ozo. nitro
and nitrogen i ring systems (eg Pyrnidine). Because
these compounds do not convert to ammonium
sulphote.

Example 4.5: During the estimation of nitrogen
present in on orgonic compound by Kjeldahl's
method, the ammonio evolved from 0.5 g of the
compound in Kjeldohl's estimation of nitrogen,
neutralised 10 mL of 1M H,;S0, Fnd out the
percentage of nitrogen in the compound.

Ange. 1M of 10 mL of H;SO4 = 1M of 20 mL of NH;

1000 mL of 1M ammonia containe 14 g
nitrogen

14=20
1000

20 mlL of 1M of amnnonio containg
of nitrogen.
Percentoge of nitrogen

g

14=20=100
1000 =05
= 56.0%

Halogens

Carius method: In a furnace. an organic compound of
lmown mass is heated in a hard glass wbe lcnown as
a canus twbe with conc nitric acid in the presence of
siver nitrate. Carbon dioxide and water are produced
os the corbon ond huydrogen present are oxidised.
The halogen in the compound. on the other hand.

generates eilver halide. After thaot it's rinsed. filtered
and dried.

Let the mass of organic compound take = mg
mass of AgX formed = myg
1 mol of AgX containg 1 mol of X

Aramic mass of Xxm g
Natecular maoss of AgX

Maoss of halogen in of AgX =

Percentage of halogen

Artomicmassof X XM, g x 100

Molecular maoss of AgX xm

Sacind coefacy

\—J —
Cariu= method far detection of halogens
Example 4.6: In carius method of estimation

of halogen, 0.15 g of an organic compound gave

0.12g of AgBr. Find out the percentage of bromine
in the compound.

Ans. Molar moss of AgBr

=108 « 80

= 188 gmol™
188g of AgBr cantoina BOg of bromine.
B0x0.12

0.12g of AgBr containe = — g
i8H

_ BDx0.12x100
188 % 0.15

bromire

Percentage of bromine = 34.04%



Sulphur

An orgaonic compound of lmown maoss & heoted
with eodium peroxide or con nitric ocid in o canus

tube. When sulphur is present in that compound. it
ia oxidised to sulphuric ocid. When an excess banum

chloride in water is added bonum sulphate gets

precpitated. The preapitate i then filtered. washed.
dried and weighed. By colculoting barnum sulphate’s
maass. the percentage of sulphur can be estimoted.

Let the mass of orgonic compound taken = mg

The moss of barium sulphate formed = g
1 mol of BaSO4= 233g of BoSO,

= 32qg sulphur
32x m,
m,g of BoSO,4 contains = ———— sulphur
233
32x my x 100
Percentage of sulphur =
233xm

Example 4.7: In sulphur estimation, 0.157g of

an orgonic compound gove 0.4813g of barium
sulphate. What is the percentage of sulphur in the

compound?
Ans. Molecular moss of BaSO4 = 137 + 32 + 64
=233 g
233 g of BaSO4 contains 32g of sulphur

32x04813

0.4813g of BaSO, contains g
sulphur 233

32x04813x100

Percentage of sulphur =
233x 0157
=4210%
Phosphorous

An orgaonic compound of lmown maoss & heoted
with con. nitric aad that oxddises the phosphorous
present in the compound to phosphonc oad.
When ammonic and ommonium molybdote is
added ammonium phosphomeolybdate (NHgaPO.
12Mo0O; is pregpitoted. When magnesioc mbture is

added alternotively phosphoric oad predpitated as
MgNH PO4 which on ignmion yields Mg,P50;.

Let the moss of orgonic compound taken = mg
Mass of anmmonium phosphomelybdate = myg

Molar mass of (NHgsPO. 12Mo04 = 1B877g

31xm
Percentoge of phosphorous = 1

1B77xm

x 100

if phosphorous present is estimated as Mg,P,07

62me x 100

Percentage of phospharnous =
222xm
Where. 222u i the molor moss of Mg;P,0y. m
the maoss of organic compound taken, my, the
moss of Mg;P,0; formed aond 62. the mass of
two phosphorous atoms present in the compound
MQJP:DI?.

Oxuygen

Typicallu. oxqygen iz estmated. by caolculoting the
overall percentage compositon from the sum of the
percentages ofthe other elements. Thereisalsoa direct
method for estimating oxygen. which is o8 follows:

When an argonic substonce with a lkknown mass is
heated in nitrogen gos. it decomposss. The oajgen
= ronsformed to carbon monoxide when o gaseous
mbdure containing oxygen is possed over red-hot
ke The carbon monoxide i oxidised to carbon
dioxade and iodme is produced when the mbdure is
passed through warm iodine pentaxade |,0¢

Compound - O, + Other gaseous products

—A
—B)

2C 05 —2225 5 200)%5

I10¢ + SO0 -  + 5C0,] = 2

When the amount of carbon monoade produced in A
equal to the amount of carbon monoxdde used in B.
by muluplying both the equationa It is abserved that
each mole of oxygen liberated from the compound
generates two moles of carbon diosde.

Thus BBg of OO, of is obtaoined if 32g oaygen is
iberated

Let the maoss of organic compound taken being mg
Mass of carbon dioxide produced be (m,9g)

32 %

rm;g Carbon dioxade so abtamed from g0,
Percentage of oxygen = 32um, x100
BBxm

The percentoge of oxygen calculoted using the
amount of iodine produced. To determine the elements
present in an orgonic compound. micro amounts of
chemicals are now utilised. An apparatus lnown as
CHN an elemental anolyser can be used to determine
the elements carbon. hydrogen ond nitrogen. It just
requires a nminimal number of chemicals and produces
results in o short time



(0 BJECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

i.

Ans.

Ans.

Ans.

4,

What is the composition of the magnesia
mixture wused in the estimation of
phosphorous?

(@) Ammonium hydroxide +
chloride + ammonia.

(b) Ammonium sulphate + mognesium oxide
+ nitric oxide.

(c) Ammonium chloride +

sulphote ¢sammonia.
(d) Ammonium chloride +

sulphate + nitric oxdde.

(c) Ammonium  chloride +
sulphate + ammonia

magnesium

nognesium

nMognesium

magnesium

Explanation: The mognesic motuwe & a
reagent used m the estmation of phosphorous
which containe an oqueous mixture of

amnmonium chlonde. mognesium  sulphate
and ammonia. It is used for the preapitation of

phosphorus compounds

What is the role of lodine pentoxide in the
estimation of oxygen:

(@) Reducing agent (b) Catalust

(c) Oxidising agent (d) Buffer.

(c) Oxidising agent

Explanation: lodine pentoxide acts as an
oxdising ogent in the estmation of oygen

it converts the carbon nonoxide ;mto carbon
dioxide

In steam distillation, the substance boils

when the sum of the vapour pressure due to

orgonlic liguid end water is:

(o) lower thon aunospheric pressure

(b) higher thon atmospheric pressure

(c) equaol to the otmospheric pressure

(d) greater than or equal to atmospheric
pressure.

(c) equal to the atmospheric pressure

Explanation: When the substances have to

be boiled they should have o vapour pressure
of water and orgonic liquids equal to the

otmosphenc pressure. This state of equalised

pressure is called boiling point at that point
only the boiling starts.

Which one is the opplication of distillation
under reduced pressure?

(@) Grude oil in the Petroleum industry
(b) Glycerol in the soap industry

Ans.

G.

Ans.

(c) Aniline
(d) None of the above

(b) Glyceraol in the soap industry

Explanation: Glycerol con be separated
from spent-lye in the soap industry using the
distilloton under reduced pressure technique
The technique seporates compounds of higher
boiling point lkewsse glycerol also hos a
higher boiling point. Crude oil is separated by
fractional distilloton method and aniline is
separated by steam dsullation

The judge in the court suspected that the
document has some changes. To check that,

the judge asked the forensic department to
check the ink used at two different places.
Which technique s suitable to detect?
(o) Distillation
(b) Solvent extraction
(c) Column chromotography
(d) Thin-loyer chromatography

[NCERT Exemplar]
(d) Thin-loyer chromatography
Explanation: TLC involves the separotion of
substances of the moaure over a thin loyer
of absorbent coated on a gloss plate The
different inis get adsarbed ot different degrees
and move at different distances.
Diullation is used to eeparate volatle Lquids.
Solvent extraction = used W separate Two
mmmisable liquids. Column chromatogrophy
wsea a column to separate the compounds.

The  principle wused in the paper
chromatography is:
(a) Adsorption (b) Volatility
(c) Partition (d) Solubility

[NCERT Exemplar]
(c) Parution
Explanation: Partton  chromatography

i= bosed on the continuous differental
partitioning of components of a mbaure
between stationary oand mobde phaoses
Paper chromatography s o wpe of partition
chromatographuy

@ Related Theory

L

The compounds in a mbmure are separated by
conthnuous  differenticl  partitioning  between
stationary and mobile phases Paper chromatography
comes under partition chromatographu in which a
special qualingy chromatography paper Is uzed The
cilvamatography paper contoins water which acts
as a stoonarny phase



7.

Ans.

8.

Ans.

Ans.

10.

Ans.

For which of the following compounds will
Lassoigne's test for nitrogen fail

(@) NH,CONH, (b) CHyCONH,
(c) NH;NH; (d) CeHeNH;

[Delhi Gov. QB 2022]
(© NH;NH

Explanotion: Lassaigne’s test is not given by
compounds. which do not contain C atoms but
contains N-gtoms lLlke Hydrazine (NH;—-NH-).
NH,OH. As NH;NH; does not contain C. Hence.
on fusion with Na metal it cannot form NaQ\

In the test for sulphur, when sodium fusion
extract is treated with sodium nitroprusside
gives violet colourit Is due to the formation of

(a) [Fe(CN)J* (b) [Fe(CN)s NOS]“
() [Fe(CN)eI* (d) [Fe(CN)s NOS)*
(b) [Fe(QN)s NOSJ*

Explanation: The soduwn fusion extroct
s treoted with sodium nitroprusside; the
appearonce of wiolet colour is due to the
formotion of Penta cyono nitrosyl which
indicotes the presence of sulphur.

S + [Fe(CN)s NOJ*” — [Fe(CN)s NOS]“
Violet

- When distillation is done under reduced

pressure, the temperature at which the
liquid vaporises will be:

(o) increased
(b) decreased

(c) remains the same
(d) first increased then decreased

(b) decreased

Explanation: The dsvillaton under reduced
pressure & generolly wsed for those liquids
hoving high boiling points or which decompose
below their boiling point So. the liquids are
boiled lower than their boilng point otherwise
the compound will be decomposed So. the
temperoture for bguid voporisotion will be
decreased

A mixture of acetone and methonol con be
separated by:

(a) Simple distillation

(b) Fractional distillation

(c) Steam distillation

(d) Distillation under reduced pressure

(b) Fractional distillation

Explanation: Acetone and methanol can be
eeporated by fractionol distilloton. This method
s bosed on the purification of compounds
which are hoving o low boiling point difference.
The acetone which i hoving low boiling point
will condense fwst and when temperoture
mcreoses the methanol can be separated.

[Diksha]

@ Related Theory

== 7 the mixtures of o0 compound have emall differences

in their boiling point. then =imple distillation cannot
be used Due to ths the compound vaporices
and gets condensed simultaneously at the same
eemperature. For this fractional distillation method
[z used. Fractional distation nvolves passing the
vapours through a fractionating column before the
vapours enter for condensation. The vapours with a
higher boiling point get condensed firet and then the
vapours of a lower borling point condense.

Assertion-Reason (A-R)

In the following question no. (11-14) o statement
of assertion followed by o statement of reason
is glven. Choose the correct answer out of the
following chaoice.

()
(b)

©
(d)

Both (A) and (R) are true and (R) is the correct
explanation of (AL

Both (A) ond (R) are true but (R) is not the
correct explanation of A

(A) is true but (R) is false.
(A) is false but (R) is true.

11. Assertion (A Simple distillation is used to

separate ethanol from water.

Reason (R): Liquids with higher boiling
point differences can be
separated.

Ans. (@) Both (A) and (R) are wue and (R) is the

correct explanation of (A)
Explonation: Simple distllation is the method
wsed to separate ethanol from water. This

method can separate the liquids hoving a
big boilng point difference (maore than 20°C).

12. Assertion (Ax Adsorption Chromatography

is a technique where the
compounds get adsorbed at
different distances bosed on
the degree of adsorption.

The thin loyer chromatog-

raphy ond column chroma-
tography are olso clossified

baosed on this principle.

Reason (R):

Ans. (b) Both (A) and (R) are true but (R) is not the

carrect explanation of (A)
Explanation: TLC works on the concept that
different compounds are obsorbed at varying
degreea in an obsorbent. When a mobile
phose passes through a stotionary phose.

the components m the moture Move ouer
the stotionary phose at diferent distances.

The two important techniques based on the
differential adsorption principle are

(1) Column chromatography

(2) Thin-loyer chromatographu



13. Assertion (A): Quontitative analysis is used
to estimate the percentage

mass of the compound
present.
Reason (R): Lassoigne's test is one of the

quaolitative tests for nitrogen,
sulphur ond halogen in the

compounds.

Ans. (b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

Reason (R): Haologens are precipitated as
a yellow solid.

[NCERT Bxemplar]
Ans. (c) (A) s true but (R) = false
Explanation: In the carius method. the halogen
5 treated with fuming nitric add and eilver
nitrate. the haologen gets precipitated as a
silver halide

A Caution

- The student may get confused between quantitative
& guolizative analysie Qualitative anolyzis molves
what are the different typss of elements present n
o given mixture of samples and quantitative [ how
much amount of a particular element & present
in a mixture. this £ estimated by the percentage
composzition

Explanation: The Lassoigne’s test iz for the
quolitative study it doesn't give an explonotion
for the quantitatve analysia. The quanttotve

analysis methods are Kjeldahls. Carius ond
Dumas which are not mentioned hera

14. Assertion (A): An orgaonic compound thot
contalns hologen eaon be

quaontitatively estimaoted by
the carius method.

(CASE BASED Questions (CBQsD

[ 4 &5 marks ]

Read the following possoges and answer the
questions that follow:

(c) Chromatography
(d) Distillotion under reduced pressure.

15, Essentiol oils are used in g wide variety of (B) In steom distillation the substance starts

consumer goods such os detergents, soagps
toilet products. cosmelica pharmaceuticals

perfumes, confectionery food products
soft drinks distilled alcoholic beverages

(hord drinks) and mnsecticides The world’s

production and consumption of essentiol
oils and perfumes are increasing wery fost

Production technology is an essentiol element
to improve the overall yield and quality of
essental oil The tradiionol technologies
pertaining to essential oil processing are of
great significance and are stll being used in
many parts of the globe Water distllaotion
waoter and steam distillation, steam distllatior:
cohobation. maceration and enfleurage are the

most trodionol and commonly used methods
Maceration is adaptable when oil yield from

distillotion is poor. Distilation methods are
good for powdered almonds rose petals and
rose blossoms whereos solvent extraction is

suitable for expensive. delicate and thermally
unstoble materials like josmine tuberose

and hyacinth. Water distillotion is the most
favoured method of production of citranella ol
from plant materiol

(A) The method used for the extraction of
oils from the flower is:

(o) Simple distillotion
(b) Steam distillation

to boil at
(@) p=p; + P2 M p=p1-p2
© p=2py+p; ([ p=p1+2p;

(C) Choose the correct statement about the
steam distillation.

(o) Separates the orgonic compounds
hove lesser solubility in on orgaonic
solvent.

(b) Separates the mbtures of a
compound having a small boiling
point difference.

(c) Separates the mictures of the
compound that have a higher
solubility in one solvent and have a
lower solubility in another solvent

(d) Separate substonces that exist as
steam which are volaotile and these
vapours are immiscible in water

(D) In steam distillation, intramolecular
hydrogen-bonded molecules are ...
thon intermolecular hydrogen-bonded
molecules

(o) more flammaoble

(b) non-flamumable
(c) less volotile

(d) mare volatile



(E) Limonene can be isoloted by which of
the given methods?

(o) Fractional distillation

(b) Steam distillation

(c) Distillation under reduced pressure
(d) Simple distillation

Ans. (A) (b) Steam distllation

Explonatior: The Steomn distlloton
method can be wsed to seporote oils
from the flowers. These essentiol oils are
innmiscible in water and soluble at the
vapour phase which is the prnciple of
steam distillation. It is employed to remove
aromalic compouwnds from o plant

®) (@ p=p;1+p:
Explonatiom: In steomn distlloton the
boiling of Lguid will start when the sum of
the vapour presswre due to organic biquid

(p1) and the sum of the vapour pressure

due to water (p,) will be equaol to the
atmospheric pressure (p).lep=p; + P>

(O (d) Separate substances that exist as steam
which are volatde and these vapouss
are immiscible in water

Explonation: It &= wsed to separate
substances thot east as steam which are
volotle and these vapours are immisable

in water. In steom distlloton the Liquid
starts to boil when the sum of the vapour
psessure due to organic liquid (p;) & the
sum of the vapour pressure due to water
(73) will be equol to the atmospheric
pressure (p). i= p = p; + pa Since the
vapour pressure of bquid is lower than the
atmospheric pressure. the orgonic bguid
vaporises ot o low temperature below &s
boiling point
(D) (d) Mare volatie

Explonotion: During boiling in the steom
distllobon. the strong ntermoleculor

hydrogen bonding increases the boiling
pont but intromoleculor hydrogen

bonding does mnot mmcrease the boiling
pont. So. the intramolecular hydrogen-
bonded molecules are more voloule than

intermolecular-bonded molecules.

(B) (b) Sxeam disallotion
Explanation: Limonene i a high-boiling
lquid which decompaoses under the high

temperature. therefore steam distiloton
is wsed to obtain their oils. as distilloton
of co-mbaure of oil and water at a lower

bailing point.

16. The Canius halogen method ©n analytical

chemistry is a method for the quanttative
determination of haologens = cdhemical
substances. A lmown mass of an organic
compound is heated with fuming nitric ocad
in the presence of sidver nitrate contained in
a hard glass tube lcmown as carius whe n a
furnace.

(A) What is the resulting salt forrmed at the
end of the reaction?

(B) The carbon aond hydrogen will be
converted to X and Y7 What ore the X
and Y? What is the reaction that takes
ploce during the reaction?

(C) What is the formula for estimaoting the
percentage of the compound by the
carius method?

Ans. (A) When silver nitrate reacts with halogen

present in an organic compound a

simple displocement reaction takes place
which converts silver nitrate to ineocluble
precipitate of silver halide

(B) The compounds X and Y are carbon dioxide
and water. Which are obtoined by the

oxddation of carbon and hydrogen. So. the
reaction that tokes place here is oxadotion
Nitric acid & used as on odadising ogent

Ci H—a300; +-Hh0
(O Percentage of halogen

_ Aromic mass of Xx m.g =x100
"~ Moleculor mass of AgX x m

(VERY SHORT ANSWER Type Questions (VSA))

[1 mark ]

17. Whaot are the different methods for the

development of TLC plate techniques

used for the seporation of the compound? : ; .
[Diksha] 18, What type of mobile and stotionary phaose is

used in chromatography?

lodine chomber or rradiaton of ultraviolet
rays on the plate

Amns. The spots that ore coloured can be seen by
our humon eye ond colourless spots on TLC

can be developed by keeping the plote in

Amns. The mobile phose moybeogasorliquidthatcan
be used. The stationorny phase maoy be o solid



19. For testing halogens in an orgonic compound

with silver nitrate solution, sodium extract
(Lassaoigne test) is ocidified with dilute nitric
acid. Whot will hoppen when it is treated
with sulphuric ocid is used instead of nitric
acid? [NCERT Exemplar]

Ans. A white predpitate of siver sulphate AgsSO,
will be farmed instead of eilver nitrate. This will

interface with the test of chlorine
20. Give an example from daily [fe, of a
substance thot con sublime

Amns. Nophtholene aond camphor are the wowo
substances that can sublime directly from solid

to the gaseous state

(SHORT ANSWER Type-l Questions (SA-1))

[2 marks ]

Z1. Whot precoutions are necessary while

purifying an orgonic solid with the help of
crystallisotion process?
[Delhi Gov. QB 2022]

Ans. Crystollisotion method is used to purify the

impure substances. The precoutions which
used to take care of during crystollisotion
method are

(1) Washed the crystals well
(Z2) Avoid overheating of the solution
(3) The solution should be heated gently

(4) Any ropid cooling of solution should be
ovoided. thot meaons the soluton must be
cooled slowly

22. Why Kjeldohl's method is not suitoble for

some nitrogen-containing compounds?
What are they?

Amns. The Kjeldahls method iz not suitable for

compounds containing nitro, diozo groups or
nitrogen atom present in the aromaotic nng
system. Becouse these compounds cannot

be converted o ammaonium sulphate when
treated with concentrated sulphuric aad

Z3. Whaot type of solvent should be chosen for

the differential extraction of an organic
compound? [Diksha]

Amns. A good extraction solvent should meet the
following two requirements

(1) The substance to be extracted should be
highly soluble in the solvent

(2) The solvent should be easily separable
from the compound aofter extracton

Z24. K a lquid compound decomposes at its
boiling point, which method is suitable
for the purification? It is lmown that
the compound is stable at low pressure,
steam volatile ond insoluble in water

[NCERT Exemplar]

Ans. Steam diztllaton can be used for the purification
of euch compounds. As this method is bosed on
the seporation of compounds hoving a property
of steam wvolatle and insoluble in water.

(SHORT ANSWER Type-Ill Questions (SA-IID

[ 3 marks ]

25. Which of the separation technique is showmn
in the figure below? Write its principle.

Ans. The given figure s showing distlloton under
reduced pressure technique. [t is based on the
prinaple of a Lguid boiling ot o temperature
where ite vapour pressure becomes equal to

the avnmosphenc pressure by decreasing the
outer pressure.

26. In DNA and RNA, nitrogen atom is present in

the ring system. Can the Kjeldohl method be
used for the estimation of nitrogen present

in these? Give reasons. [NCERT Exemplar]

Ams_In Kicheldol method. the nitrogen present

in orgonic compound i first converted to
ammonia and then this ammonia is then

estimated.



27.

28.

Ans.

This mrethod ® not suitable for compounds
containing nitrogen in azo and nitro groups or
in ringe (quinoline. pynidine. etc). Beacuose in
these coses. the nitrogen cannot be converted
O amnnonio.

In DNA and RNA. the nitrogen atom s present
m the ring eystem. Sa. Nitrogen present in DNA
and RNA cannot be converted to ammonio
by following the Kjeldahl method. Therefore.

the Kjeldahl method cannot be used for the
estimaotion of mitrogen present in DNA and

RNA

You are given a mixture of methonol and
acetone. Discuss the process which you will
employ to separate them.

[Delhi Gov. QB 2022]

Amns._

BP. of methonol and acetone are 338K
and 330K which hove boiing points very
close to eoch other. Thus these cannot be
separated by using simple distilation. Thus
fractionol distllation method is employed

This process inwolves repeated distillations

and condensotons and the mbture is
wsually separated mto component parts
The seporotion happens when the mbdture
iz heated ot o certoin temperature where

fractions of the mbcture start to vaporise

Throughout the process. vaporisotion and
condensation take place repeatedly untl the
two mbawres are eeparated completely

(LONG ANSWER Type Questions (LAD

[ 4 & 5§ marks ]

There are three students. Maonish, Romesh
ond Rajni were tasked with identifying the
additionol elements in on erganic complex
provided by their teacher. They maode
Lassoigne’s extract bu fusing the chemical
with sodium metal on their own. They next
mixed a pat of the extract with solid iron
sulphate and dilute sulphuric acid Manish
and Rajni received Prussion blue, but
Raomesh received only red. Romesh tried the
test again with the some extroct, but this
tme also he only obtained red colour. They
were taken obock and went to their teacher
to inform him of their discovery. The teacher
asked them te consider why this ebservation
was made. Write the chemicaol equations to
explain the formaotion of different colours.
[NCERT Exemplar]

A small amount of sodium fusion exract is
boiled with Iron sulphaote which on acidihication

with con sulphuric acid The Prussion blue
formation confirms the presence of Nitrogen

So. Mansh and Raojni hove the moere that
contains ntrogen

Sodium cyanide first reacts with iron (If) sulphate
and forms sodiunmn hexacyanidoferrate (L
Which is then heated with sulphuric acid and
madises some won (I) ion to iron (If) ions which
then reacts with sodium hexa cyanidoferrate
o form won (M) hetocyonidoferrate (1)
(ferriferrocyanide — Prussian blue).

28,

60N = Fe?® - [Fe((N)d*
IO = 4™ 22, e [Fe(N)elyxH;0
Prussian blue

The compound they were analysing have bath
N and S Thus, in Lassoigne's test SCN™ ions are
formed due to the presence of sulphur and
rutrogen both. These give red colour with Fe*
fons.

Na+C+N+5S— NaSCN

Fe™® + SON” — [Fe(SON)**
Blood red

This happens when fusion is not carried out in
the excess of sodium. Wsth an excess of sodium

the thiocyanate ton & formed. & decomposed
as follows

NaSCN + 2Na — NaCN = Na,S

So. we aan conclude that Manish and Rajni
wsed an excess of sodium and thus got Prussian
blue colour while Romesh didn't use an excess

of sodium. hence got red colous.

Romon has three liquids L, M and N. The
liquid L possessed by Romaon is hoving a
large difference between the boiling points
ond than rest of the liquids. The liquid M
ond N are having o quiet closer boiling
points. Liquid L boils ot a higher tempaerature
thon M and N then M boils at a higher



temperature than N. How will you separate
the components of the mixture? Drow a

diogram showing the setup of the opparotus
for the process.

Ans. For L compound which is hoving o high boiling
point can be seporated by simple distilloton
It is bosed on the principle of lquids hoving
different boiling points vaporise at different
temperaotures. These vapours are cooled

eeparately. The empure liquid mbaure is heated
in a round bottom flosk On boiling this.
the compounds hoving lower boiling points
are obtained firet and thiz iz condenszed by
the condenser ond the condensed liquid is
collected in o receiver. The condensed vapour
of a higher boiling liquid is collected separately
In this way. we can separate L from M and N
Becouse simple distilation separates mbdures
that boil at a very high temperature

Liguids M and N which are hoving boiling pomts very
close to each ather which cannot be separated by
o simple distllation method as higher boiling Lquids
only can be separated by that. The remaining mbcure
can be separated by using the froctionol distilloton
method. Fractionol distlloton involves possing the
vapours through o fractionating column before the
vapours enter for condensotion. The vapours with o
higher boiling point (M) gets condensed first and then
the vapours of lower boiling point condense (N). The
froctionating column gets attached to the mouth of
the round bottom flask The vopows reaching the
top of the froctionating column are rich in the more

Thermnonetar

E 5 Alcohol and

\Water out

Waler
‘._:.‘ Fractonol Distilotion

volotile components The fractonotng column iz
ovoiloble in various sizes ond designas, it provides maore
surfoce for the heat exchange between ascending
and descending vapours and gets revaporises. The
vapours are rich in low boilng bquid which oscends
to the top of the column and vapours become pure
which passes through the condenser and the pure
bguid s collected n o recever. After repeating the
some prooess. now the remoining liquid in the flask
i enriched with o high boiling component which an
condensation it can be collected. Thus the order of
boiling point of lquidsis L>M >N

Cold woter



S0. What is the difference between column chromatography, thin loyer chromotography and paper
chromotography?

Ans. —— ———— - — —
Column chromatography Thin-loyer chromatography Paper chromatography

[t is bosed on the principle of It iz bosed on the princple of It = bosed on the pnnaple of
adsorption chromatography.  odsorption chromatography. partibon chromotographu.

lt I8 o descending wype of It ® oan ascending wpe of k iz an ascending twpe of
chromatographu chromotographu. chromatographu.

It usea o packed column with It involves the seporaotion of Poper chromotogrophy is
a eilica gel or alumino thot izs substaonces over a thin loyer of o technique that i uesed
wied to seporate molecules odsorbent (stationary phose) cooted to  separate compounds
' bosed on the size ond affinity on o gloss plote and is bosed on bosed on the Llquid-liquid
rowards adsorbent. solid-liquid adsorption of molecules. ' adsorption and solubility of

the compound.

Statonory phase Adsorbent Stotionory phoses Adsorbent (silico Stotionory phose: Paper made
(silica gel or aluming) gel or aluminag) of nitrocellulose.

Mobile phose: Solvent or o Mabile phose: Solvent or o moaure of | Maobile phase: Solvent or a
mbcure of solvents. solvents | mbawre of solvent

(NUMERICAL Type Questions )

the percentage composition of nitrogen in
the compound.

31. An orgonic compound of 0.358g on complete
combustion was givan of 0.187g carbon

dioxide and 0.1034g water. Determine the
percentage compaosition of carbon ond

hydrogen present in the given orgaonic

(Aqueous tension at 300K = 15mm) (3m)

Ans. \/olume of nitrogen collected at the pressure is
Actuol pressure = pressure-pressure due to

compound (2m) aqueous tension
Ans. 00, — molecular weight = 44 =750-15
Mass of carbon = 12 =735 mm
- P xV, xT,
12x0.187 =100 Violume of nitrogen at STP (V9) = =———=
Pero=ntage of carbon = T =P
44x0358 3y
— 14375% T and P5; - are stondard temperoture and
L
Mass of hydrogen = 2(aos water molecule shess ki
containe two hydrogen atoms Moleculor _ 273x735x100
weight of water = 18 ~ 300:780
Percentage of hydrogen = 2201839100 = 8BmL
1820358 22.400mL of N; at STP weighs = 28g
=LA 88mL of nitrogen weighs = ki g
3Z2. The nitrogen is estimated by Dumas method, el
where 0.5g of on orgonic compound gove Per £ _ 2B:BB=100
100 mL of nitrogen collected at 300K CeagE el fitagen; = 272400:05
temperature and 750mm pressure. Calculate
=22%

®
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