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Organic Cherrtiot'.ryr
5 orrt e Aasic ?rin c,ipleo

Telracovalency-ot calbon, hybridization, (p and s) bonds, shapes of simple nrclecules, lunctional
groups : -C = C-, -C = C-, tunctlonal grcups containing halogen, orygen, nitrogen and sulphur.
Honrologous series
lsornerism
General inttoduclion lo naming organic compounds-lrivial and IUPAC nomenclature. lllustration
with simple examples.
Electronic displacerEnt in a covalent bond : induclive efiecl, electrome c eftecl reEonance and
hyperconlugation.
Fission ol a covalent bond : free radicals, elecrrophires, nucleophiles, carbocarion! and calbEnlon6.
common iypes oJ organic reactions : substitution, eadition, erimination and rearangemont
reacliona. lllustraiions with examples.

14.1. lntroduction

It has been knoum since times immemorial that
minerals. plants and animals are the ihree major
sources of oaturally Bur it was
on! in eighteeth century that thesc compomds nrere
divided into tc/o classes, viz Organic and Inorganic
compunds mainly on the basis of the ir ytwe,. Cqn-
ptunds lke we4 sagot\ oib, ldt dtes, Weinr,
eitamins dc, *ltich wae bolated diraly u iadinaly
Imrn livingdgotbns such os otimals qd plotE wut
calkd Organia Cmpuads nd tlv bruieh oI
chembby dtich dcolt with he sudy ol these cottt-
potuds was callcd Orgfiic Ctcnistry. On the dur
hon4 cotttputds like conmant sa\ msble, uhans,
nioe blue od gxen vitiols elc. b4tich twe itolated
lrun run-living sam+ sud as ruks otd minault
werz colled ltugmic. Compnmdg and rhe brutch ol
chenbt! which dcal with 0u sttdy of ihese unr-
pounds was called lnorgltric Chemistr}

14.1.1. Vital Fortc Thcory
Until early oineteenth celtury, it was

believed that organic compounds cannot be

prepared io the laboratorybut cao only be isolated
from animals and platrts. On thebasisofthisbelief,
Benelius, a leading Swedish chemist in 1E15,
propouruled Vital Forcc Th€orf,. According to
this theory, argarlic compounds an produced onty
unds thc infiuCicc of somc mysteians lorce erist-
ing in the liing ugonisms. This nysteious lorce
was called the Yilal Force. Since such a
Eysterious force cannot be created artifrcially, it
is inpossible to synthesize organic cornpounds in
the laboratory. This thcory reigned suprene for
a number of years.

Hovrever ,'m 1828, Wohle4 a German chemist,
made an interestirg discovery. fle accidentatly ob-
tatned uea, a well tnowr organic compound,
presenl in the urine of man and oihcr mammals by
cvapogating an aqueous solution of amnodum
{al,ate, a typical inorgadc compound (obtahcd
by double decomposition of ammonium chloride
and potassium cyanatd :

NH.CI + KCNO ----------- NHICNO + KCI
Arlrn. cfanatc

t4ll
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Ilcat ll

NH4CNO NH-, -(-l-'iii.i-
(horganic co tpo:1n,!) llcan'rli8€s \)\ea ;,o]'gattic (.ottt.)dttnl)

This synthesis ga'.'e a tleath biorv to I'irl1 r1'rcc

Theory aul clearly demonstrated th t/lr:t rti.t ii . :ir.t: L:

t'..,:,. tt,, t iitrliwr.

14,2. Tetravalency o{ Carbon :i i,i. , 
, ': : :: ::,:i , : :'i :,i::,,:, !:i,;:.:::

L'urbon is lhe essentlal elcment of all organic
L:rrircules lts olectronic configuratiou is 2, 4. In
ot}rcr words, sarbon has four electrons in the
valcnct' shell and thus needs four more electrons to
.()mp!e te its octet. Therefore, carbon is tetravelent.
Frirtirrr, it is very difticult for carbon to either gain
,'r l.;:rr iour eleetrons [o achieve the nearest inert

11.is curfigurrtion. Con-sequently, carbon always

iombines u,iLh oihcr atoms by mutual sharing of
cilatrons and thus lorms covalent bonds. Slnce all
1it,) otydtltc colnlLittnds conlain carbon as the essen-

riril cleneai, chemical bond-
ttrS itt otgutri covalent, Thrus'

t:ahon is al ., it forms four
covalent bcrnds with othcr atoms as showl below :

Elcctric
2C+H2 

-
atc

l)il.II. so_

HC=CH
Acctylcne HgSCa

orliatlo;
CII,CHO + ( il1cl )1 r!]

Acelal(tchlde ,\1 r;t ' l

Thertufter thousartds anci tircrttsLt:<ls rl 'rr-
ganic compounds have been s].nthcsized in illr
hboratory thereby showing condusivclv (\rrl rii'-

inorganic compouods, organic cr.rmpoun'i'; c:tn D:

easily sy,nthesized in the laboratori'.

14.12' Moilern definitiorr o[ Orgrrnic {)r' r'-
pounds

With the downfall of l4tttl Fotic i-hc't't' ;i"
lil

il
,t

few other elements such as oxygen, nitrog';n sl'l-
phur, halogens and phosphoms 'fhtts. orgotrit

ifternistry is now defined us the chemistN of cu'bot1'

compounds containing usualty ltydroge,t itttd o'rc ot'

more additional elemenls like oryget4 nitoget4 'siri

phu4, halogens, phospltonts elc. lrtoruii;,, r'l' 'i' i'ri
on the,t rr hoad, is ,lelinL'd u.i tl;t rtt"ttt't 't ';l'
elenrcnts otltct tha catbot lltd (lt(tt t o;1iilt)ttt :!\

tt should be nrentioned herc []ra[ solrL !']nr-
pounds of carbon such as CO, COr, HrCO., notal

carbonates, carbides, cyanides etc., which sLo'.rld

otherwise have been included in orglnic chentisl I1

are stilI studied under inorganic chenistry bclrtttr'c
of their greater. resemblance with inorganic corn-

pounds.

Further.,'orgnnic compound" madc up ol o''1"

carbon and hydrogen atoms arc culled /r' lr' r"'
i6i onI?iott .i organic- < om1'rruntls rnrtr r"

rt'6i?ded to havc been clcriYed ftom lhrse-

hy-drocarbons by replaccment o['one or ttri:'rc trf

their hydrogen atoms by othsr atoms c'r trouPs

H
I

H_C-H
I

H
Methanc

I'I H
tl

H_C_C_H
ii
H I-I
lrthanc

[iowcvor, thcse slructures do not reveal a-s to
rri,.r is lh;. sp,itial oricntation of these four bonds

e:irl'on atcm are directed towards the four corners
of t rcgilar klruhedron, i.e, the angle betwoen any

Lwo ailiacoot bonds is 109" - 28' (tetrahedral angle)

.rr ..i,o'r'n in lrig. 14.1.

l'his tetrahedral concept of carbon has been
esl,rblishcd heyond any doubt by electron diffrac-
tion. X-ray diffraction and spectroscopic studies.

'l'h:. tctriihcdral arrangement of fourbonds of
,:ru bon Iaid the foundation of the present day fas-

crnrrlirrg tiold of 'slcrcochemistry'. It is because of
tlils rcasorl that van't -Hoff was aw-arded tbe-fust
lJobcl Prjze in Chcmistry in 1901..He is also some-
riLrr.s cirllcd 'Thc lalhat ol Oryanic Chemistry'-

CI

I

CI-C-CI
I

CI
Czrbon tclrachloride

Pradeep's
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14.3. shad; ,::1.+:.i:

One of the most important aspects of
organic chemistryis to understaod the fundarntntal
concepLs of molecular structure since on thc basis
of these structures, we catr easily predict the
properties of organic molccules. To explain the
structures of organic molecules, Ge eleclronic
theory oI valeocy aad tbe concept ofhybridization
was introduced in unit 6. On'the basis of sp3-
hybridizatiou of carbon, the structures of methane
(Fig. 1a.2) and erhane (Fig. ta.3) molecules were
predicted to be tetra-hedral.

Similarly, structure of ethenc (CH2 = CH2)
was explained_ to be planar on the basis of sp2-
hybridization (Fig. la.a) and thar of ethyne (HC
= HC) to be linear on the basis ofsp-hyUriaizaiion
as shown ir FIg. 14.5.

Thus, in terms of o- and z-bon&, a carbon-
carbon double bond consists of one strong o_bond

FIGURE 14.2. (a)Orbital picture of methane.
(b) Bond angles and bond llngths tn methane.

H..

! 090-280

FIGURE I4.3. (a) Orbttal pkhre of ethane.
tD) Lrond lengths and bond angles ln ethane

H ATON'
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H.AToM SP,
I-bond

SPZ H'ATOI'

o-bond

?r-bond

o 154 pm

tion energr). For exarrPle,

(i) c(.sp)-H >
5o7 lcl mol-l

tD c Gp)-c (sP)
43U mol-r

l,lE p
> C (sp) - c (sp)

138F

c(sp)-H
,143 IJ mol-1

> C (sp3) - H
45 U mol-l

> C (rp2) - C(tp')
383 Ll mol-l

, c(#) - c(ry')
347 til mol - |

o

and onc weak z-bond. Similarly, a carbon-carbon

triple bood consists of one strbng o-bond and two

weak n-bondi.
ond
and
size

Further sincc, the sideways overlap of two
p-orbitals (to forrn z-bonds) brings the two carbon
itoms clcser to have an optimum degree of overlap,

therefore, a siagle bond Ls longer than a double
bond which, is turn, is longer than a triple bond.
Thus,

_c_c_ >c=c< _c=c-
154pm 13,l Fn l2o Prn

decrease accordingly.

c(r1)-H, c ("1)-H > c(sp)-H
lor) Pm 10? 6 Pm loi Pn-

Itr contrast, a z-bood is formed by the

ooger
bond
weak
triple

FIGUFE 14.4. (a) Orbilal picture ol ethene-
\ 1) p-eleclrcn cioud consists ot two equal

halvos; one lying above and other bolow the
plane ot carbon and hydrogen atoms'
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I 4,4. Structural Representalion of
Organic Compounds

14.4.1. Compl€te and Condens€d Formulae
The structures of organic compourds can be

represented in several different ways, The most
important of these is the Lewis structures. But

dashes (=) to represent a triple bond. The lone
toms (e.g, orygen,
may or maynot be

erhene (qHa),
ethyre (CrHr) and methanol may be represented
by the following structural formulae.

HH
lt

H-C-C_H
lt
HH
Ethanc

H-C = C-H
Eth,,i€

HH.t..1
H-C-O-H or H_C-O_Ht'l

HH- 
Methanol

Such struciral representations arc called com-
pl€te structural formulae or graphic or displayerl
formulae.

Those structural formulae can be further ab_
breviated by omitting some or all the covalent
bonds and by indicating thc name of identical

bond is still stronger (803 kJ mol-r) than a carbon
carbon double bond.

(rii) Electronegativity. The type of hybridiza-
tion also affects the electronegativity of the atom,

of the hybrid orbitals
e atom. Thus, a sp-
ng hybrid orbitals with

50Vo s-character is more electronegative than a
sp2-hybridized carbon with 33. 334 s-char acter
and sp3-hybridized carbon with 25Vo s-charccter.

electronegativity are
d chemical properties

H\ ..HC=C
H'/ \H

Ethene

groups attached to an atom by a subscript. For
example,

CH,CH, H,C = CH, HC=CH CH3-OH
or C2H2 or CH3OH

Elhrnc Methanol

Such sttuch$ol rcpresentations orc called con-
densed structural formulae.

Sometimes these structural formulae can be
further condensed by enclosing the repititive struc-
tural unit within a brackets and placing an inleger
as a subscript indicating the number of times the
structural unit gets repeated. For example,
CH3CH2CH2CH2CH,CH2CH2COOH can be fur-
ther condensed to CH3(CHT6COOH.

14.42. Bond-line Structural Formulae,
It is a simple, short and convenieat method of

representing organic molecules. In this method,
carbon-carbon bonds are shown bv lines drawn in
a zig-zag fashion and carbon atomsty liqe ends and

single by a
doubl lines
bond (=).
atoms toms

other than carbon and hydrogen atons are shorrn
on the zig-zag line. Further, it is assumed that each
carbon on the line end or intersection is attached
to requirednumber of hydrogen atoms, r'.e., termini
denote CH3 groups and an unsubstituted intersec-
tion a CH, group. For example,

CH3CH2CH,CH2CH2CHTCHTCOOH can by rep-
resented by the following bondJine structural for-
mulae.

o

,^r^rV(o"
14.43. PollBon Formulae
The re are memy organic compounds, in which

the carbon atoms are not joined in a chain but are

of a polygon denote a carbon-carbon bond. If an
atom or a group of is
attached to carbon, of
atoms is showtr in th

or C2H6 or CzHq
Ethane Ethene
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e

chl

E)(AMPLIi 14.1. E4 and each ol the following
condensed formulae into theit comPlete structurul

fotmulae (N.C.E.R.T,)

(a) HOCHTCHy''tH2

(b) cH3(cH)3oH
(c) CHTCHTCOCHTCH, /i
(d) CH jCH = CH(CH).CH,

' HH
tl

(a) H-o-C-C-N-Nrtl
HHH

HHHH
llll

(b) H-c-c-c-c-o-H
rlll
HHHH
HHOHH
tlllll

(c) H-C-c-C-C-C-H
llll
HH HH
HH HHHHH
tllllll

(d) H-C-c = C-c-C-C-C-H
llll
HHHH

(c) HOCHTCHTCHTT, -r, ('Ot
I

cHt
OH

I

(d) N =C-CH -C = N (N.C.E.R.T.)

S0lution. Condensed Formulae
(a) (CH3)2CHCHTOH

(b) CH3(CH2)5CHBTCHTCHO

(c) Ho(CHr)rCH(CH3)CH(CH3),

(d) HocH(cN),
Bond-line Formulae

(a)
/ \oH

f,l\.\\rl'1.1,r11.1. Eryland each of the fouowing
bond-line Io,nulae to show a.ll the atoms including

CH,

Br

(c)

(d)

carbon and hydrogen. (N.C.E.R.T,)

,",G @\/\/\,/\\/
at z/\( ot

t-

H

I

H

clu,\/
I

oP

l)t
u

li\ANlt{,I, 11.2. For each of the following
compounds, wite a more condetsed tormula ond
also theirbond line fomulae.

(a) 1H31HCH2OH !

I

CH,

BrH
tl

tb) CH3CH2CHzCHTCH2CH2CHCH2C = O

H
I

$(i-'
r'-?-'-'

H
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HH
lt(r)H-c- -c-Htt
HH

(c) H-c =

No. ofz. = 6bonds = t x 2 (double bonds)

I'.XAXIPLE 1.1.5. t4hot is the type of ltybitliza_
tion of each carbon in the following compourtds ?

(a) CH.CI (b) (CH)2Co (c) CH.CN :
(d) HCONHT(e) CHrCH = CHCN

(N.C.E.R.T,)

Wrire Lhc partly condensed fbr-
mulae of the above compounds and indicate the
type of hybridization on each carbon.(d) u1,

l--\Alll,l,li 11.1. How many o_ and n-bonds
qrc prcsent in eoch of the following molecules !

(a) HC = CCH = CHCHT

(b) CHr= C = CHCH: (N.C.E.R.T)
Solutio4. Write the complete structural for-

mulae and count the number of carbon-carbon,
carbon-hydrogen srSma-bonds and carbon-carbon
pi-bonds :

H

@1a!clc!cic!! --n
//'tt ol ' lo 'l "
oHHH

No. of o"-- = 4 ; No. of o-_, = 6

Totalno. ofo-bonds : 4 + 6 = 10
Total no. ofz. = 6 bonds

= 2 (triple bond) + 1 (double bond) = l
H
t"

@)H!c3s3696=H
"1 " " l" lo"HHH

No. ofo"_- = 3 ; No. ofo"_, = 6

Total no.ofo-bonds:3 + 6 = 9

(a) CH, - Cl
spt ttp' 

"p1(b) cH3-c-cH3
tl
o

,..1

spl sp spz
(c) CH, -C = N (d) H-C-NH,

il

sp! spz spz sp
(e) CHr-CH CH-C = N
IIKAI\ IPl,la 14.6. What is the shape of following

compoundt ?

(a) H2C = O (b) CH3F (c) HC = N

(N.(_-.E.R.T,)

(a) ln HrC = O, C is .rp2-
hybridized, hence formal<lehyd.e is tigonal plunox

(D) In CH,-F, C is.rp3- hybridized, hence
me thyl fluoride is tetruhedral.

(c) Io H-C=\, C is sp-hybridized, hence
HCN is a linear molecule.

P{R'T II
CLASSIFICATION d\D NOMEN-

CLATURE OF ORGANIC CON{POUNDS

c
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nounds have been broadly divided into two

categoriesdependinguponthenatureoftheircarb-
on skeleton. These are :

I:Acyclic ot open chain comPounds.'/-I{. 
Qctic or closed chdin comPounds.

ll:'f
either

straight chains or branched chains. For example,

Stralght chafu compounds :

CH3-CH,-CH2-CH, CH,-CH=CH-CH,

cwytund.s which raemhle aliphatit
i mon of theit propercies are called

are [urther divided into the following two sub-clas-

ses.

(a) Alicyclic comPounds.

cHz-,-Butanc

CHr- CHr-C=CH
Bul-1-Ync

(fodndly I -burtne)

But-2-ene
(forme Y 2-butarc)

o
tl

cH3-cHz-c- cH2-cH3
Pentan-3_one

(fome Y 3 -Pcntanone)

CH,
I

cH3-C-CH3
I

CH:
Ncopcntane

cHr
I

CH3-CH-C = CH
3-Mcthylbut-1-Ync

Branched chain comPounds :

cH3-cH-cH3
I

CH,
kohutane

cHr
I

CHr-C = CH,
Isobutylenc

\-'.;'
Nu-h.trDEldsrolDattomPantdsTherearecertanarornaticctrnpoundwhidl.donotcontainbenzDneringeTh€sc
ue Mrstfutzonid M,e "-'P;d* 

T@leamples of ordr ccnpound a|p uopok|I|e ard anlem'

For example,

cH^-cH"

l'l'oRcH;- c{z
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ADD.TO YOUR KNOWLEDGE CONTD.

H

Tropolon€

H

H

Azulah.

Hc\- cH

The name aromatic for this class of cyclic
unsaturated compounds has been derived from the

sincs
vered
term

aromatic has now lost its original signfficance be-
cause many aromatic compounds are now known
to poss-ess unpleasant odours.

'- Some important examples of monocyclic,
bicyclic and tricyclic aromatic compounds are :

(i) Monocyclic aromatic compounds :

O
Benzene

CH, - CH.tt
CH. CH^

\./ 
'

Tet rahydaofu ran
CTHF)

cH.-cH-
l' t'
CH. CH^

\",/'
Tetrahydrothiophcne

The heteroatorns cornrnonly found in these com-
pounds are o{/ger\ nitrogen and sulphur tiut oc-
casionally phosphorus, boron, silicon and some metal
atorls like tin, selenium etc. may also be present.
Depending upon the chemical behaviour, they are fir-
ther classfied into the following two categor;es :

(i) Aticyclic heterocyclic compounds :
Aliplrutic cyclic compounds containing one or mo,u
heteroatoms in their ings are culled alicyclic
lrcterocyclic compouzds. For example,

,r-"\
CH,

o
Tolucnc

CH2 

-CH2
Oxirane

(Ehylcnc o.id.)

cH.-cH-
l' t'
CH. CH^

\n,,/ 
'

H
ry'rrolidine

Anthiacenc
(llicrtut\

het€rocyclic compounds. For example.
CH---{H
ilil
CH CH

\o/
Fumn

.In organic chcmistry, atoms othcr than Cand H ato
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CH---{H
il ll
CH CH

ClHH
ltlt
CH CH

\,/
fiiophcne

Alicyclic

': 4.6. Functional or Characleristic G ro up s ,':r'r:i:,i'ir:,rr

As already the

parent organic co unds

ire considered to mbY
replacing one or more of their hydrogen atoms by

some otfer more reactive atom or group (G)

-HR-H R_G
HldrocaiboD + G

Thus, each organic molecule consists of two

parts i.c., R and G. The hrst part i.e.,'R'denotes
ihe ca,bon- hydrogen fi amework of the molccule
while the second pa rti.e.,'G' iscalled the functionol
gottP

H
ryTrole

The above classification may be summarised as follows :

f-
Acyclic or open chain

Alicvclic

U

B*nr"looid Non.henzlnoid

From the above discussion, it follows that the

(CH3)'CHOH etc. all produce hydrogen when

treated with sodium metal.

2R-O-H + 2Na + 2R-O-Na+ + H,
Alcohol Sod. alkoxidc

where R : CHr -, CH:CH2 -,
(CH3)zCH - etc.

The reason for this similar chemical bc-

haviour is that C-C and C- H lronds are very

strong and hence do not break casily. In contrast,

the O - H bond isweaker aod hence reactivc. Thus,

we conclude thatarty organic compound will behave

in llrc same manner as qny olher otgqnic compowtd
hoving the same Ittnctional group no matter whdt the

rcst of the molecule is. However, exceptrons are

known when the molecule is very large (e g group

functional group.

Somc of the common lunctional groups

present in various organic compounds are listed

below :

Organic Compounds

Ii-il\sz'

anElom
h vhbh

The rcmaining part of the molecule (e'g R)

mainly rrflccts thc phvsical properties such as melt-

ine point, boiling pcinl, tlensity, solubility, refrac-

tirlc indcx etc. For example. - OH (.hydroryl) isthe
lirnctional group o[ alcoh ls since in almost all the

chcmical rcactions of alc hols, it is the OH group

that undergocs a change while the rest of the

molctulc 1cg. 11) rcnrlinr ttnchanged ln a similar

rvay, - (:OOH is thc li:nc:tional group of carborylic

acids.
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Class of organic compounds Nohc ofthe ftrnction^l group Sirlrcture of the [unctional group

Alkenes

Alkynes

Halogen deriyatives

Ajcohols

Thioalcohol

or Mercaptan

Ethers

Thioether or Sulphides

Aldehydes

Thioketones

Ketones

Th ioaldehydes

Carboxylic acids

SulphoDic acids

Primary amines

Secondary amines
'IErtiary amines

Alkyl cranides or
Alkyl isocyanides or isonitriles

NitroalkaDes

Alkyl nitrites

Double bond

Ttiple bond

Halogen

Hydro!ry

Thiol or Sulphhydryl

or Mercapro
Dii?lenl. orygen

DivaleDt sulphur

Aldehydic (formyl)

Thione

Ketonic ((1.!o)

Thial

Carboryl

Sulphonic acid

Amioo

Imino
Tbrtiary N-arom
qroo or nitrile
lsonitrile or'isoclano

Nitro

Nitrite

)c=ca
-C=C-
- x (F, Cl, Br, I)

-oH
-slI
-o-
-s-

o
lt-c-H

>c=s
>c=o
-CH=S

o
ll-c-oH

o
I

-s-oHio
- NHz

)${H
>\N-
-C=N
-N-c

./P
or

'lo

-O-N=O

-i'.o\o-

CHO
It''9o'" (D)

OH

Srtut!-gl(a)

l',{mino group
CHNO2 l,lronntic)

Aldehldc
NHz

d
Ao.*,rr,*rrr,,, tJ

o

c-NHCH3
I

i ';cn;
CHr+ CHr-N( 

iI 'QHri
3' Afiino Foup

(Aliphatb)

o\

(d)o
T

(c) CH3CH2CH(CHr2CoCI

CH=
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j -ij- - - - ---- - - -:2.-- z' e*io.

i \-c-utt;-cu.
'---"'t--"'--'

(c) cH3- cH2 - cH - cH2- cH2-i _99_9_tj
Acid chloride

(d) (a))-i CH = cH i-: N04.1xi,'o g.oup' \\2,/ r-----------J r---..'
Ilthylenic

doublc bond

To simplify and to systematize the study of
organic chemistry, all the organic compounds have

been divided into different families or groups

depending upon their structure and chemical

properties. Each such family or a group is called a

hontologous series.

this series can be represented by the general for-

mula CnHr,rl OH. The first four members of this

series are :

CH3CH2CH,CHTOH Butan-1-ol
(font r e rlY l -b rttort o I )

Some other homologous series are alkenes,

alkynes, alkyi halides, cthers, aldehydes, ketones,
amines, esters and carboxylic acids etc.

Characteristics of a Homologous Series

(l) Each homologous series cqttbe rcPrcsented

by a generol fttnnula. For examPle,

C,,H2,+l COOH is thc general formula of car-

borylic acids.

ketonic group, i.e., > C = O.

(3) The successive members of a lrcmologous
seies differ by a CH, group orby 12+2 x I : 14

tnass uttits.

@\The indjuj-@1al rnembers o[ a homologorts
seies cotr be prepared by the Eenerql methoh ol

_prcpqrutio develoPed for that seies.

density,

t enofa
I witlt ise
itt molecular mass.

(6) The chemical prcpefties of lhe memben of
a futnolcigous series ore sintilarthough theftrstmem'
ber may vary coniiderably from rest of the members'

One of the most important characteristics of
organic compounds is their abiliry to show

isomerism.

Two

properticr are callcd isot
is known us isomerism,

Formula
cH3oH

cH3CH2OH

cH3cH2cH2oH

IUPAC names

Methanol

Ethanol

Propan-1-ol

fformerly |-proPanol)

It is of two types :

1. Structural isomerism and

2. Stcreoisomerism

14.8.1. Structural lsomerism

isomerism.

These hydrocarbons can be represented by

the same general formula, CoHr*2 whe'e z is the

number ofcarbon atoms. Flrther, any two adjacent

members of this class differ by a CH, group'

' cLIl QHr qH8 C4Hto C5Ht2 C6Hl4

Mcthafle Ethanc Propanc Butane Pcntanc Hcrdnc
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For example, butare
are chain isomers.

Tt is of thc following slx types :

(i) Chain or nuclear isomerism.

Compounds h.aving thc same molecular tormula
but tlifferent urrangement. of carbon chain within
lhe moletuk are called chain or nuclcar komen
und the phenommon k cslkd chain or nuclear
isomerism.

and 2-methylpropane

CH,
: zl I

cH3-cH2-cHz - cHr cH3-cH-cH3
B].ltane(n-Butatle) 2-Methylpropane(/(,blrane)
(ii) Position isomerism.

Compoundc whhh have the satne slructure of the
carbon chain but tlifrer onb in the position oI the
mabiple (double or triple) horul or the fimctiontl
group dre callcd position isomen and the
pherutmenon * called posirion isomerism.

For example,
position isomers.
4321
CH3-CH2-CH=CH, CH3-CH=CH-CH3

But-1-cne But-2-ene
Simiiarly, propan-1-ol and propan-2-ol are

position isomers. oH
3 2 I 3 2l I
cH3 - cH' - cH2 - oH cH3-cH-cH3

Propan - I -ol Propan-2-ol
(n-Proh,l olcohoD Usopro t alcohot)

(iii) Functional isomerism.

Compounds lruving thc same molecular lormukt
b ul differerl lunntional groupt are calhd Juntlinn-
al itomers andthe phzaomenon ir cdldltmctional
isomerism.

For cxample, the molecular formula, CrHuo
represents the tbllowing two functional isomers:

321
CH, = qg-gLr.,

PIop-2-cn-1-ol
(A yl olcohoD

CH, = C11-9-ar,
Mctho{Ethcnc

(Mchyl vitryl cthcr)

FurtherexaErples of Functional Isomerish
The following classes of organic compounds show

fu nctioDal isonterism amoDg themselves.

(d) Alcohols rnd Ethers
qH6O represents :

CH3- CH2-OH and CH3-O-CH3
Ethanol M€thoxymclhanc

(Ethyl olcohoD (Dim.thvl ethet)

(r) Carboxyllc acids and €steN
qHaOz represents:

oo
cHr-J-ou ana H-l-ocn,

Ethanoic acld Mcthyl mcthanoatc

(c) Aldehldes aDd keton€s

q[I6O represeDts:

oo
ll I

CH3- C-CH3 and CH3CH2- C- ll
Propanone Propanal

(d) Dienes, ollenes ond alkynes

C4H6 represents :

cHr= 611 - CH = CHz, CHz = C= CH - CH3
Bura - l, 3-diene BDta-7,2- diene (An allmc)
and CH3CH2C = CH or CHrC = CCH,

but-l-ene and but-2-cne are

4321

Similarly, the molecular formuta CrHoO rep-
resents the following four functional isomers.

But-l -yne But-2-vnc
(e) Nitroalksrlcs and alk!'l nltrites
qH5NO2 represeDts :

CH3CH2-NO2 aod CH3CH2-ONO
i_itroethanc Ethyl nitrite

(R I', 2'and 3"-Amines
qHgN represeDts :

cH3cH2cH2NH2, CH3CH2-NH-CH3
Propan - I -anlinc N- Mcthyl€thanamine

(l'Anine) (2" Aminc)

9Hc
Iand CH3-N -CH3

N, N- Dimcthytmcthanaminc
(3aAmine)

(g) Cyanides end lsoclanldes
qHjN represenb :

CI{3-C = N and CH3 - N: C
Erhanenirrile Me thylisoryanide

cH3-cHz-oH
Ethanol

(Eth)'l olcohof)

o
il

cH3-o-cH3
McthoxrrEcthanc
(Dindryl cthct)

o
ilcH3-c-cH3 cH3-cH2 - c-H

Propanonc prcpanal
(Acebnc) (Propionoldthfde)
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(iv) Metamerism.

For example,

(a) CHTCH2 -O-CH2CH3 is a metamer of
Ethoryethane
(Diethylethet)

o
ll

(d) cH3cH2-c-cHrcH3
Pcntan-3-one
(Dietbt keto e)

is a metametamer oI
o
ll

cH3 - c -cH2cH2cHl
Pentan-2-onc

(Methyl n-Propyl ketoDc)

o
ll -.cHtor CHr-C-CHi

- CH,
3-Mcthylbutan-2-one
(Isopropr*lmcthylketonc)

It may be noted here that metamers may also

be position isomers. For example, pentan-2-one
and pentan-3-one may be regarded as position
isomers as well as metamers.

(r,) Thutomerism.

It aris{s il e lo l, j-migration ol a hydrogen atom

lron onc polytabnt atom to the olhzr within the

samg molecule. Isomed ,htts obtained which erlst
in tlyrumb eqvilihrium wiih each ollrat sre utllad
liutomax anl lhE phanomenon is ctlled
tuulomerirm.

There are several types of tautomcrism but
keto-enol taulonleism is thc most imPorlant. In
this type of tautomerism one form (tautomer) con-

taios the keto group ()C =()) while the othcr
I

cHr

Bcn4lalcohol

OI.IA
()1.,,,
,z-Cresol

o-Cresol

uo@cH,

/-Cresol

cH3 -o-cH2cH2CH3
l-Mclhoiypropanc

(Methyl n-ptopyl chcr)

-/CH.'or CHr-OCH..-
-CH,

2-'MelhoryProPanc
(t!'optory' I fiethYl ethet)

(b) CH3CH2-S-CHrCH, is a metamer of
Diethyl thioether

.zcHt
( Hl-S-CH,CH2CH, or CH, -S - CHI
Methyl r-proFyl thioether \ CH,

IsoProPYl mcthl thiocthcr

(c) CHTCHT-NH- CHTCH, is a metamer of
Diethylaminc

cH3 -NH-CH2CHzCH3
Methyl ,t+roPylamine

./cHt.rr CFl, - NH -CHl' \crI.
lsopropylmethylaminc 

3

contains the enolic (>C = C -
simplest examples of keto-enol
acetaldehyde and acetone.

OH) group. TWo

lautomerism are

OH
I

3O

zllrcH3-c-H
Accraldchydc (k to fonn) 

+
e tnoTo)

3ct

""ltrcH3-'c-cH3
Acetone (k lo forrn)

(ee'77o)

CHr=g-11
Yii'Jl 

^lcohol 
(cnolic forn)

(Negligible amount)

OH
I

CHr=q-gg,
Ptop- 1- .I.-2-al (cnolic fom)

(NcgliEible drnourr)

(ir) Arcnrrtic ,rlcolols, phenols snd cthers
(iHrO represcnts:

OCTIA()r
Anisolc

Cnrnpounds h@ing the same molecular formuh
hul l{farunl numhor ol carhon ulomr (or albyl
grotps) on cither side oflhe functional group (Le"

-O-, -S-, -NH- and -CO-) are c.olled rnetamers

tnd the phenotnenon is cnlhil meta erism.

Met(meriw uccurs among lhe memhers of fin
some homo loprl-s fomilY.
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OH
I

O
Cyclohex- l-en- l-ol

(1.2%)

In all thc monocarbonyl compouads llstcd
above, the greater stability ofthe keto-fo rmwlt. Lh--
enol form is due to lbe greater strength of the
carbon-orygen .r-bond (364 kJ mol-l) as com-
pared to carbon-carbon.z-bond (254 kJ mol-l).

o

d
Cyclohexanone

(e8.gco)

Ectofi Fectl trs-iEeE;iiie a mofi G-6iTeto
nnd enol forhs in keto-ehol toutomerism.

The following three factors affect the position of
equilibrium in keto,enol tautomerism.

(i) Stability ofthe eDol form, As stated above in
simple aldehydes and ketones (;a acetatdehyde,

is much greater than in acetaldehyde or ac€tons. For
exanrple, in acetoacetic esler, the amount of enolic
lot11 is 7 E"

oo
ll flCC

cry' \cH,/'\.,.,,
Ace\ lacctone (keb form, UVa)

fu*;+

ar,./

o
ll

C
il

arrlt \ooHs <-
Acetoacetic ester

(1, 3 -Dicafionyl conpouatr)
(keb fom\ 93%)

(Etot Ionn 77.)

.....H.t-l- \o
ltCC,. \ z1r, \cl\/ 'cH/" 'nqr,

SiDtilarly, acetylacetone (,-r a l,3diketone) also
cxhibits kcto-enol tautomerisn but the antount of
cnolic fornr here is much hilhet (16%) rhan even iD
reetoacetic esler.'fhis is due to the reason thar keto
groop is a mttch bettet electron-wilhdran)ing group than
llk eslet group.

4'"'i'-oo-) {-'.r
t,

(Enol fon\ 76%)

.-,.Ho-. \o
ItCC

-,,/ \ ./z- \CH:- 'CH'/ 'CH,
lD coDtrasr, the compouDd cyclohexa-2, 4<lien-1-

one exists totally in its eool form.
OH

d
Cyclohexa - 2. 4 -dien - 1-o[e Phenol (otol form)

(kzto -form\
Thi reasbn baing that the enol form is aromalic

and is, theretbre, stabilized by the resonance energy o[
the benzene ring ( 151 kJ mol-1;.

l-rrom lhe above discussion it follows. ,ra, ,tlidrer
the \Mbility oI the enol fonn, greatet b the enot ciniint.

(ri) Steric hiDdronce. Anothcr factor which
de(erntines thc enol content is the steric facior.'Ib
illustrarc this, let us consider the enol coDtent of
acetvlacetone aod a- methylacetylac€tone.

.-H...()' ".olrrCC
cnr/ \tcul 'crt,

Acetylacetone
(9 I -93Vo in gos phose)

o/H""o
lilC. ," C.,,, \ ,,, \ct\. 'cr.rl'l

cHr
a-Melhylacetylacetone
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44 5%) as comPared to that of acctylaceione
(el.e3%).

(iii) ElTect of polorlty ol solveEL Polar Prolic
solvens such as uater, mctbanol, acetic acid eic.which
form H-bonds Mth thc carboltyl SrouP of the kelo-

fofi daoease he enol conr L On thc other hand,

aDrotic solvenls such as hc,Gne, benzeDe etc. (or even

tlie ahence ofsolvent) increase thc enol content. For

example, cnol form of acetylacetone is 76% in othaool

but is 92% in hcmnc.

Es6entlol coDdltlors. For an aldchyde or a

ketoDe to cxhibit kcto-cnol tautomerism' it is cssential

that it nust have at le{st one a'lrydrogen atom. Thus,

aseaophenone, butaD-2{nc 8nd Propionaldehydc all

contain a-hydrogen atoms afld hence shco, keto-€nol

tautomerism.
oo
ldalo

c6Hs - C- 6H3 -H, - C- ctlrcH,
Acctophcnonc Butan-2-onc

o
al

cH3-cH2-C-H
ProPioDaldchYdc

In contrast, bcnzaldehyde, beMophenone etc' do

nol show keto€nol tautomerism because they do Dot

contain a-hydroSen atoms.

oo
@r-,

Benzaldehyde

@J"o
Bcnzophenone

whch arc in?-chain isomers.

Similarly, but-2-ene or 2-methylproP'1-ene
are ring chain isomers of cyclobutane and methyl-
cycloproPane.

(c) CrHo represents :

CH.C = CH and

ProPync

which are also ring-chain

14.E2. St€r€oisomerlsm

.ir-But-2-ene

Isomers which have the same structural Ior'
mula but have different rclative arqnge,nent oI
utoms O €rS

(Greek the

phenom ex-

ample, of
stereoisomerism.

CH3\ .z CHt CH, --.- _C=C- C=C-
H.r/ 

- -\H H.,'' -CH.
lrans- B$t-2- cne

simitarly, nitroomPounds also show tauto'
mersm.

Due to n-bonding between the two carbon
atoms, the rotation around carbon-carbon double
bond is prohibited and hence the geometry of the
atoms or grouPs attached to the carbon atoms gets-

fxcd in- spice. That is why this rype of
stereoisomeiism is also called geomcticdl
isomeism. Other t)?es of stereoisomerism are op-
tical and geometrical isomerism' We will learn
more about stereoisomerisrn in unit 15.

14.83. Steric hindrance

If two non-bonded atoms or groups in an

,qnJ-but-2-ene which has no steric hindrance.

Futher as the size of the atom-VgrouPs

around a bulky atom increases, the sterichindrance
increases accordingly. For example, as we move

+
cHr=y
12

Nitromcthane (l{iro -/ota) Q4ci-Ionn)

(a) CrH5 reprcsents :

+
cII3 - N
72

3

.,,-oH
\o-

3

zo-\o- \-

CH3CH = CH2 and

PtoFcnc

which are
ing-chain

isoners

(vi) Rlng-chain isomerism
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STERIC
HINORANCE

NO STERIC
HINDRANCE

H 7 
No stcric CH., TLiltlc stcric

' -/ rinana." , ' -/ hindrance

n-[4e, . H-[4,tt
HH

Bromomcthane Bromoclhanc

These steric effects are very important in Or-
ganic Chemistry since they influence the structure
and reactivity of many organic molecules.

cls-gut-2-ene

from bromomethane to bromoethane to 2-
bromopropane to re[-butyl bromide, steric
hindrance increases as shown below :

\- e Problems on structural isomerism and structure dererminarion of orgaDic
by lhe concept otdouhlc hond equivalerts (D.B,E) which inplies rhe stin of
in the molecule,lt is given by rhe relalron,

p.g.p. = 
Ir (u - 2) * ,z'

where n is lhe number of differeot kinds of atoms present iD the molecule and u is the valency of each arom.
For exampte, D.B.E. of M.E

j(4_2)+6(t_Z\+t(Z_Z\
CrHrO =:' -' "1'- -t''t' -r+l=0+l=l

Thb mcaw that voriot u tmcrurul isomen of C'H6O will conrain either one double bond (C = C or C = O) or one
ing (lamoqtlb or futeruclclic) ar disctused betaw unda e2.

+ ona ing.
ond o hrce

acyclic and cyrlicisom uh, CrHrO.'

D.B.E.= )OO-zl+6(t-2)
+t(2-2)l+t=t (y)

Since D.B.E. = 1, therefore, CrHuO may con_
tainaC = CorC = O double bond or a ring. The
following seven isomers are possible.

(a) Acyclic isomers are :

ooillt
(r) CHr - C - CH3 (,r) CH3CH, - i - ff

Acriorc propioraldch)dc

(r,,) CUr=Cg-61rrO, ,..
Prop-2-cn-l-ol

(b) Clclic isomers are :

CH, = C11- ggt.
Methoxycthenc

Solution. HOH

,,,2lr-OI t"
Oxetanc Mcthylo.iranc Cyctopmpanol

Thus, CaHrO has seven isoners :

s for
a-(e

H H

irareBul-2-ene
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"K:AE-LE-\\A9 
FOR:,F.RA,ffi\.i'

l. Draw slructures ofall lsoDleric cthers corrcsPood-

iog to the molccular forn]ula C5H120.

(N.C.E.R-'f.)

AlV5-(L',
1. D.B.E.= rZ [5 (4-2)+ t2(1-2\+1(2-2)] + 1=0'

Since D.B,E. = 0, theretbre, C'51{l2O rePreseDts

only saturated elhers. The follotriDt six isonrers ilrc
possible.

CH:
I

(0 cH3ocH2cH2cH2CH3 (ii) ctl3o-cHCHzCI ll
l-Methorybutanc 2-Methorybutane

2. Write condeNed and bond line strucl ural lbrmu lac

tor all the possiblc isomers of molccular torDula
c4H6'

3. Draw allthe possible isomeric polygoD tbrmulae for
lhe Dolocular fonnula CsHto.

Et<s-
(i) CHz = Crl-CH = CH, or

Buta-1.3-diene
(ii) CH3CH2-C = CH or

But- I -yne
(iii) CHr-C = C-CI{3 or

But-2-yne
(iv) CH2=C=CHCH3

Rula-1,2-dicnc

(ni)

(ir)

?',
cH3-o--cH2-cH-cH3
I -Methoxy-2- mcthYIProPanc

CH.t-
cH,--o-c-ctl.' 

ln,
2-M€thqy-2- mcthYlProPane

(r') CHTCHT-O-CH,CH2CII3
I - EthoxyProPane

CH:
I

(vi) CHTCHT-O-CH-CH3
2-EthoxYProPane

2. D.B.E. =rF (4 - 2) + 6 (1 - 2)l r | =2

Since D.B.E. = 2, (herefore, C4H6 has either two

double boDds or one triPle bood or one double

bond and a ring or two rings.

The following nine isomers are Possible :

/\/

$r >>-cH3
1-M6thykYcloPIoP6n€

,,,, f--"n,
M6thylsnocycloProPan€

cyclobut6n6

,,,, D(ln,
3.MethylcycloproF 1 -€n€

(ix)+
Bicyclo[1 .1 .01 bdan.

3. By polygon formulae, we mean Lyclic iornrulae.
C5H10 has the following six PotySon formulae :

o J A-
cyclopentene MelhylcldobuEne ElhylcvcloProPan€

YA
/\/\

1 . 1 -DimetlrylcycloFop.nc 1 , 2-Dirlethylcyclopro pane

14.9. Nomenclature ol Organic CornPounds

Thase namas of organic compounds are called trlvial

The term nomenclature meals the system of
naming of orgauic compounds. ln case ofaliphatic
compJunds, 

-two 
systenr-s o[ nomenclature arc

lentirully wed : (i) Tiviol or common q'stent and

lii) IUPAC sY*enr.

l'ratlca 1,'' Nest Course Ch"-ittriltrfrlD
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names or common nam€s, Originaly thc.se names
were given without any s)ntematic basis but later on
certain rule
compounds
rules have a
used to name all orgamic compounds.

(rr) IU"AC system. Because of the unique
property of catenation arrd isomerisrq carbon

Even
mber
hat it
com-

1947. These rules underwent modfications from
time to time and the most exhaustic rules for

IUPAC nomenclature of organic compouuds.

14.'10. General Rules of IUPAC System ror
Naming Organic Compounds .,.....

The IUPAC system is the nost rutional and
widely used system of nomenclaturc in organic
chemtstry.The most impottsttfedtltrc ol tltis systenr
is that dny given moleculor stnrcture has onlv one
IUPAC nome and ony given IIJPAC nu,:,t d,l nt,rcj
onbt otrc moleculor struclure.

The IUPAC namc of any organic compound
esscntially consists ofthrec pJrts. i.(.

l. Word root ?. Suffu and 3. PrcJix.

l. Word root. /f r'J rlebasic nttit of the nanrc. It
denotes the rutmber ol corbon otoms prcsent in thc
principal c\ah (the longest possiblc contitutour
chain of catbon utoms including the Iunctional group
and tlrc multiple bonds) of the oryanic ntolecule.For
chains from one to lbur carbon atoms, special wcrd
roots (based upon the common names of alkanes)
are usedbut forchains offiye or more curbon atoms
Greek number roots arc usetl as giverr boktu, :

.Extra-'a'given in parenthesis is used only if the primary suflx (explained larer) (o be rrdLlctl rti thLword root begins with a consonant. ln general, the woid rooifor any carbon chain is alk.
2. SuIIIx. There are two t1ryes of suffixes :

, (i) Primary sufifix.A pimoty sufix is always addetl to the word root to indicate wlrcther thc carboncnon $ saa$akd or unsaturated" T three basic primary suffixes are given below :

_ Ifthe parent carbon chain co tains two, three,
such as di (for two), tri (for three), tetra (for fourj etc. are added to

CIIAIN LENGTH WORD ROOT CHAIN LEN(TtI \YORD ROol'
ct
q
q
c4

c5

c6

Meth-

Eth-

Prop (aF

But (4F

Pert (aF

Hex (aF

q
q
q
9o
9r
9z

Uept (/r-
Oct (.r)-

Non (zF
Dec (a)-

Uodec (r)-
Dodec (n)-

TYPE OF CARBON CHAIN

(a) Saturated (conraining sirgle bonds oDly)
(6) Unsaturated with one double bond
(c) Unsaturated with one triple bond

-ane
--eDe

-yne

AlkaDe

A.lkene

AlkTnc

TYPE O[ CARBON CHAIN

(.r) Unsaturated wirh two doubte bondc
(b) Urisaturated with two Eiph bondr

-diene

-dyre
Alkadiene

Alkadiync

PRIMARY SUFFIX
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The following examples illustrate
compounds :

the use of word roots and primary suflxes in naming organic

*Extra,a,hasbeenaddedtothewordrootsincetheprimarysuf6xi.e.,dieneordiynebegiDswitha
consonant i.e., 'd' instead of a vowel as is the case in the last two examples'

(li) Secondarf, suflix .A secondary s1tfrx is then added to the-pimy *try b *!:':t:-:!:.::!:*
lu"cdiii gr"up pisentin the oryanic compound' Secotdary suffxes ofsome important tunctronal groups

are given below :

organic compounds.

It mov be noted lhat while imary sufrix' the terminal 'e' of the pimory

',ffi;i{::;;;';;;';;;;;;; 
besiis itn a vowet but is rctained iI the

secondary suffa begins with a consonanl

Thefollowingexamplesillustratetheuseofwordroot,primarysufExandsecondarysuffixinnaming

PRIMARY SUFFIX IUPAC NAME

cH3cH2cH2CH3

CH3CH=CH2

CH=CH
cH2=cH-cH=cI{2
HC=C-C=CH

But

Prop

Erh

Buta.

Buta.

ane

ene

,T re

diene

, diyne

Butane

Propene

Ethyne
Buirdiene

Butadiyne

Alcobols

Aldehydes

Ketones

Carbo,(ylic acids

Acid amides

Acid chlorides

Esters

Nitriles
Thiol
Amines

-oH_CHO
>C=O

-cooH
-coNH2
-coct_COOR

-cN
--sH

-NHz

PRIMARY
SUFIlIX

cH3cll2oH

clllclr2cE2NH2

cH3CH2OH2COOH

cH3cH2cN

CH2=CHCHO

HC=CCOoH

Erh

Prop

But

Prop

Prop

Prop

an (.).

an (e).

an (r).

aoe

en (.).
yn (?)'

ol

amine

oic acid

nitrile

al

oic acid

Ethanol

PropaDamine

Butanoic acid

Propanenitrile

Prop-2-en-1-al

Prop-2-yn-l-oic acid

ORGANIC COMPOTIND WORD ROOT
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*The terminal 'e' from the primary suflx has
been dropped because the secondary suflx begins
with a vowel.

It may be noted that according to 1993 reconr.
mendatlous o[IUPAC non€nclature of Organlc
Compounds,

(i) locauts (numticals and/or lette6) are placed
irumediateb before the patl of the name to which
tlrcy relate. For example,

But-z-ere Propan-2-ol
(formerly2-butene) (formerly2-propanol)

{ii) the locant } (uniq) is oftcn omi edwhen there
is no afihiguity. For example,

1

CH,CH3CH,NH2 Propsn-l-alnine is often

rrunted as Propanamine

CICH2CH2OH 2-Chloroethan- 1-ol is often

trutned as 2-Chlorcetlwnol
t

CH3CH2CHZCHO Buton-|-al is often wrium as

B tanal

Howeve4 ir this book, the nunruicol locant I ir
always included wlren onotlut nlu,tcticql loca ap-
peqrs in lhe sanrc tranre. For example,

321
CH, = 911-gg.

Prop-2-en- I-al
U)moly 2-propenaD

CH,,

,/\

321
HC = C- CO2H

Prop-2-yn- I -oii: acrd
(Iotl c )' 2 - ptop)l t oi c ac i,l)

3. Prelix. There are two types of pretixes :

(i) P mary prelix. A primary prefix is used
simply to distinguish cyclic from acyclic com-
pounds. For example, in case ol corbocyclic com-
pounds, u pintaty prefix, cyclo is used immediotely
bcfore tlre word root.Thts,

Cyclo + pent
Primary preiix Word root

CH, CH.
l' | ' + ane : Cyclopeutane
CH2- CH2 Primary suflx IUPAC name

If the prefix cyclo is not used, it simply indi-
cates that the compound is aqrclic or open chain.

(ii) Secondary prcllx, In IUPAC sptem of
nomenclature, certain groups are not considered as
functional groups but instead are treated as rzr-
stifittents. These ore called secoIodary prefixes and
are odded immediately before the wod rool (or rc
pinttry prefu in case oI corboctulic contpounds) in
tlphabetical order to denote lhe side chains or rub-
stitutenl groups. The secondary prefxes for some
groups which are always treated a*s substitutent
groups (regardless of the fact whether the organic
compound is monofunctional or polyfunctional)
are given below :

SECONDARY
PREFIX

SUBSTITUENT
GROUP

SECONDARY
PREFIX

-F
-ct
-Br_I

-Noz
-NO

+
-N =N

-oR

Fluoro

Chlom

Bromo
Iodo

Nitro

Nit160

Diam

Alkuy

OCH3 (OMc)

-oc2H5 (-oEt)

- cHl (-Mo)

-c2H5 (-Eq

-CtlzCHzCHj (z-Pr)

-cH(cH3)2 (-iPr)
_c(c H3)3

Methoxy

Ethoxy

Methyl

Erhyl

l,-Propyl

Isopropyl

tert.-Butyl
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Besides these, other functional groups are

also treated as substitutent groups in case of
polyfunctional compounds as discussed later in this
unit.

Thus, the complete IUPAC name of an or-
ganic compound consists of the following Patts :

Secondary prefu + Pimary Prefa + Word

root + Pimary suffir + Secondary tafrx
The following examples illustrate the use of

word root, primary and secondary prefxes and
suffixes in namiug organic compourds :

ORGANIC
COMPOUNI)S

SECONDARY
PREflX

WORD
ROOT

PRIMARY
sul-Flx

IT'PAC NAME

CHJCH2BT

cH3N02

qH5oqI{5

Bromo

Nitro

Etho.y

eth

meth

eth

aDe

aDe

ane

Bromoethane

Nitromethane

Etho(yetharle

In case of carbocyclic compounds, primary
prehxes are also used. For example,

Br 4-Bromo + cyclo + h€x

I

OH

The comrnon ald IUPAC names of some im-
portant classes of organic compounds are given

below :

1 4.1 1. Nomenclature of dirlerent classes

Compouruls ol carbon and hydrogen are

called hydrocarbons. These are further divided
into two classes '. sdturated and unsdturated

hydrocarbons.

1. Saturated hydrocarbons - Alkanes

General fonnula: C,H-*2wherc n = L,2,3,

The IUPAC names ofalkanes are obtained by
addingthe suffxane to the word root indicating the
number of carbon atoms.

For example, names ofalkanes containing five
or more carbon atoms are obtained by adding
prefxes such aspezt (five),
oct (eight) etc. indicating
atoms in the molecule to th
the first four alkanes (CH4 to ClH,o) have their

sDecial names i.e. methsne, elhqne, ProPane and
bitane. The tame of an individual alkane is always

written as one word. The molecular formulae,
IUPAC and cornmon names of some alkanes are
given below :

Primary suflu : ane.

n FORMUI"A COMMON NAME IUPAC NAME

.t.

3.

4.

5.

6.

cHl
cH3cH3

cll3cII2cH3

cHrcH2CH2CHr

crI3cH2cH2cH2CH3

CH3(CH2)aCHr

Methane

Etbane

Propane

,!-Butaoe

,r-qentane

n !Hexaoe

Methane

EthaDe

Propanc

ButaDe

PeDtane

Hemoe
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7.

8.

9.

10.

11.

12.

cH3(cHz)5cH3

cH3(cHz)6cH3

cH3(cH2)7cHr

cH3(cHrtcH3

cH3(cH2)t8cHl

cH3(cH2)28cH3

n.Heptare

/'-OctaDe

a-Nonane

n-Decane

Hepune

Octaae

Nonane

De€ne

IcGane

?iamotaEc

I}pes of allanes. Dcpending upon the struc-
ture ofthe carbon chain, alkanes are of the fotlow-
ing two types :

(l) Stralght chain alkanes. As the name
suggests, these alkanes contain straight chains of
carbou atoms in their molecules. In other words,
alkanes in which no carbon stom is linked to more
than lwo other carbon atoms are called slraight
chain olkanes

cHr-cH2-cHz-CH3
B\ltane (n-Butahe)

cH3 - cH2-cH2- cHz- cH2 -' cH3
Hcxanc (nJlqane)

The common names oI straight chain alkanes
are tbe same as their IUPAC names except that the
prel\x n-(normal) is used in lhe common names
(given within brackets).

(ii) Branchedchain alkanes.In these alkanes,
all the carbon atoms are not presont in a linear
sequence. In other words, a/kar es in which at least
otte catbon atom is linked to three or fou otlrcr
cud)on atomt ore calledbranched chain alkone s. For
example,

.cH3-cH-cH3
I

cHr
2-Methylprcpanc

(Iwbut@re)

9H,
I

cH3 - c-cH2cH3
I

cH.
2. 2-Dinre!hyjburanc

(Ncohevne)

To distinguish the straight chain alkanes from
branched chain alkanes of the same molecrrlar for-
mula, the prefixes l,ro and neo are used in thc
common system. Tho prelx rio is used when the
second carbon ofthe brauched chain alkane cerries
onc methyl group while the prela neo is used for
those branched chain alkanes which contain a
quutetlwry catbon at the end of the chain.

Types of Carbon and llydrogen atoms in
Alkaues

The carlton atoms in an alkanc molecule may
be classified inro folur tgpes as pimqry (1.), secon-
dary (2'), kniary F ) andquatemury (4) as follows :

(i) A cohon atom attached to one other (or no
other) cqrbon dtom i,r called a primary carbon atom
und is designated ss 1o carbon.

(ii) A calbon atom ofloched to tno other carbo,l
slortts is called a secondar? carbon atom and is
designated as 2o carbon-

(iii) A cubon qlom attached to three othcr
carbon atoms is called o tefliary carboa atom ond
is designated as 3" carbot

(iv) A cafion atom ottaclrcd to four othercorb-
on aloms iscolleda quaternary carbon atom andis
designated qs 4o carbon. .

cH3-cH-cHzcH3

CH:
z-Methylbutanc

(hopewanc)

i',
cH3 -cH - cH2cH2cH3 cHl_( -CHlrl

CH: CH,
2-Mcrhylpcnlarc

(lsohaarc)
2, 2-Dimdhy'proparc

(Ncoryttort)
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1'
CH,

r12"3'1'
cH3-4'c-cH2-cH-cH3tt

cHt rcHs

AIM SFoups. The remova.l of one hydrogeo
atom from the molecule of an alkane gives an allcyl
group. Thus, alkyl groups have the general formula,

QHr,,*r. These are often represented by the letter

R. Their names are derived by replacing the ter-

miral 'ane' of the corresponding alkaue by the
suffx!'.

Alkane - qne + ),, = AlkYl
In case of propane and higher alkanes, the

position of tbe carbon atom from which the
Lydrogen is removed is also prefixed to the name of
the alkyl group.

The IUPAC narnes and structural formulae of
some ofthe alkanes and their alkylgroups are given
below :

G€neral Fomrula, qHr, * 1 
wherc n = 1, 2,3,

4.... etc.

Renroval of l"H

clt3 - cH2 -
321
cII3-CH2-CH2-

1" 2" 1'
cH3-cH2-cH3

RerDoval of2"H 2
cH3-CH-CH3

472t
cH3cHlcH2cH2-

cH3cH2-CH-{H3

2-Propyl (lsopropyl).

l-Butyl(r-Barl)

z-Blutyl (tec-Btttyq

CH

3n.-'J*, dn,- z-Methyl - 1 -pt oryl (h o b u ry D
l'
CH,.

3rr-'',lr-5r,
CH,

3n,-'tr-ir,,

CH:

crr,-l-cu.-' 
[n,

2-Methylz-ptoryl (te - Butyl)

CH:

I
CH._C-CH,,I

cH3
Ncopcntanc

cH3(cH2)8cl.I3
Decane

Neopentyl

I
dlr(clt2)scHz -

Removal of 1'fI

Removal of 1"H

r-Daql (n-Decl)

Name Brd structural formuls CorredPondihg nlkyl grorp IUPAC name

ofthe rlknne (commo[ name)

MethaDe CH4

Ethane, CH3 - CH3

cHr- Methyl (Merlryl)

Ethyt (E tyl)

1-Ptopyl (n-Prcpyl)
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2. Unsaturated hydrocarbons. Open chain
hydrocarbons which conlain carbo,r{arbon double
( >C=C <) or triple (- C = C -) bonds i,t ttteit
rnolecules oru called unsaturated hydrocarbons.
These are further classified into two types'. olkanes
and allqnes.

(l) A]kenes. Unsatwsted aliphotic hydrocor-
bons containing a ca,bon-carbon double bond are
colled alkenes.They are also called olelins (Greek :

olefiant : oil forming) since the lower members of
this class react with chlorine to form oily products.
Their general formula and suffix are given below :

Genemllormula: CoHr. where z = 2,3,4....
etc. Pimary stfix: = enc

C0mmon names: Alksne-qnc + ylene
: Alkylene

IUPAC names : Alkane-ane+ene : Alkene
The positions of the double bonds are indi-

cated by the Greek letters o ,F ,y ... etc. in the
common system while arabic numerals, r'.e. 1, 2,
3, 4 etc. are used in the IUPAC system. For ex-
ample,

D FORMUT.A COMMON NAIUE IUPAC NAME

,,

3

4

4

CHr-Cg,
CH,CH=CH,

fd
CH3CH2 CH=CH,

2t
pa

cHlcH=cHcHl

Ethylcnc

Propylene

a-Butylcne

p-ButyleDe

Ethene

Propcne

But-1-ene

But-2-ene

(ii) Alkynes. Unsqturqted oliplrutic hydrocar-
bons containing a carbon-catbon liple bond. otc
culled alkynes: In the common system, they are
called acetylenes after the name ofthe first mcmbcr
of this family, i.e. acetylene.

General formula : CnHrn-,

where r = 2,3,4, .... elc.
Pimary suffa = yne

Common names i Acetylelte sd iE allEl
derivotives

IUPAC names :.,{/kan e - ane + )me = Allryne
The position ofthe triple bond on the parent

chain is designated by lowest possible arabic
numerals-

The common aod IUPAC names of a few
simple alkpcs are given below :

n FORIIIUI-A COIITMON NAME IUPAC NA.[IE

,
3

4

CH=CH
CHr-C=CH

zt
CHTCHT-C=CH

2l
CH,-C=C-CH.

Acetylene

Melhylacetylene or Allylcne

Ethylacetylene

Dimethylacetylene

Ethyne

Proprne

But-l -yne

But-2-yne

3. Haloalkanes..i?alogen deivatives of olkanes
are called haloalkanes. They are further classified
as ntono-, di, tri- and telrahaloalkanes etc. accord-
ing as they contain one, two, three, four etc. halogen
atoms respectively in their molecules.

(a) Monohaloalkanes. The monohalogen
deiyatives oI alkanes are called alBlhalldes.

Geneml formula: C,IIr.*, Xwheren = 1,2,

3 .... etc. and X : R Cl, Br or I.

or R-X where R is any alkyl group

Functional group : X(halogen)

Secondary prefu = Halo
Common names. Add the word halide

(fluoride, chloride, hromide, iodide) to the name of
the alkyl group,

i.e., Allql + lrulide : Alkyl hallde
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IUPAC namcs. Add thc secondary prefixha/o
to the name of the corresponding aiitaae.

i.e., Halo+ alkane = Haloalkane

In case of dihalogen derivatives, the positiofts
of both the halogen atoms are indicated.

The IUPAC and common names of some im-
portant haloalkanes are given below :

FORMULA COMMON NAME IUPAC NAME

cH3-ct
cHrcHr-Br
321
cH3cH2cH2-I
321
cH3 -cH-cH3

I

I

Methylchloride
Ethyl bromide

n-Propyl iodide

Isopropyl iodide

Chloromethane

Bromoethane

1-Iodopropane

2-lodopropaoe

(b) Dihaloalkanes. Alknes containing two
halogen atoms per molecule oJe called
dilwloalkanes.

Gcneral formula: C.H2nXzwhercn : 1,2,

3....etc.

Common names. For purpose of naming,
dihalogen derivatives of alkanes, these are divided
into three categories :

(i) Al|rylidene dlhalldes. Dihalogen deriva-
tives of alkanes in which the two halogcn atoms are
attached to the same carbon atom are called
allrylidene dihalides or sinply allrylldcne halldes.

Further since the positions on the same carb-
on atom are called geminal posrfrbns, therefore,
alkylidene dihalides are also called gemlnal
dihalides or simply gemdlhalldes.

(ii) Alkylene dihalldes. Dihalogen deriratives
of alkanes in which the two halogen atoms are

attached to adjacent carbon atoms of the chain are
called allqlene dihalides or simply allrylene
halides. Further since position-s on the adjacent
carbon atoms are c alled vicitrol positionS therefore,
alkylene dihalides are also called vicinal rllhalldes
or simply vic- dihalides.

(iri) Polymethy'ene dlhalidcs. Dihalogen
derivatives of alkanes (containing three or more
carbon atoms) in which tbe two halogen derivatives
are present on the termiral carbon atotr.1i.e.,a,w-
positions of the carbon chain are called
polymethylene dihalldes.

IUPAC names. In the IUPAC system, all types
ofdihalides are called dihaloalkanes, the positions
of the halogen atoms being indicated by lowest
possible arabic numerals.

The common and IUPAC names of some
dihaloalkanes are given below :

FORMULA COMMONNAME IUPAC NAME

c}fzct:.

CH3-CHBrz

BrCH2-{H,Br
cH3cH2cHCr2

CH,--CH-CH,-tl-
ci cl
21a,rlf',

CI CI

321
ctcH2cH2cHzcl

Methylene chloride

Ethylidene dibromide

EthyleDe dibronlide

Propylidene dichloride

Propylene dichloride

Isopropylidene dichloride

liimerhyleoe dichloride

Dichlorometharle

1, l-Dibromocthane

1, 2-Dibromoethane

l, l-DicbloropropaDe

1, 2-Dichloropropaoe

2, 2-Dichloropropanc

1,3- Dichloropropane
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(c) Ihi. atrd tetrabaloalkanes.The generul for-
,zur4 of trihaloalkancs is Co Hr,-1 X, while that of
tetrahaloalkanes is C, Hr,-2 X. where n : 1, 2,

3.....etc. and X : g Cl, Br, i.
IUPAC names. In the IUPAC system, these

are called trlhaloalkanes and tctt'shaloalkares.
The positions of the halogen atoms on the carbon
chain being indicated by arabic numerals.

Common or Tlivial names. There are no sys-
[ematiccommon names for tri- and tetrahaloalkanes.
However, triha-lomethancs are bcst known by their
trivial namcs r'.e,, hakrforms, tctrahzrlogen derivatives
of methane are qrlled carbon tetrahalides. While
symmetrical tetrahalogen derivatives of ethane are
called aety'ene t€trahalides. The trivial and IUPAC
names of some tri- and tetrahaloalkanes are given
below :

FORMUI,A TRMAL NAIIIE IUPAC NAME

clIF3

cHCt3

CHBrI

cHIs

cH3-cct3
ctcll2-cHCl2
cctl
B12CH-CHB12

ctcH2-ccl3

FluoroforD

Chlorotbrm

Bromoform

Iodoform

CarboD tetrachloride

Ac€tylene tetrabromidc

Ttifluoromethane

'Itichloromethane

TtibromomethaDe

ThiiodomerhaDe

l, 1, 1- 'IiichlorocthaDe

1, l, 2- Thichloroethane

'IEtrachlorometbane

1, 1, 2, 2jfetrabromoethane

1, l, 1, 2- 'IbtrachlorGrhane

4, Alcohols or Alkanols
Almhols are classified as manohydrig

dihydric, oihydric and pofuydric z6asrling as their
molecules contain one, two, lhree al,,dmanyhydroryl
groups respectively. Since presence of two or r.:ore
hydroryl groups on thesame carbon atommakesthe
moleculc unstable, therefore, in di ad an dpolyhydric
alcohols, each hydroryl group is present on a dif-
ferent carbga atom.

!g46onohxdrtc alcohols.
Generalformula: C"Hr,*, OH (wherer = 1,

2,3 ...) or R-OH (where R is any alkyl group)

Functional goup :- OH (hydtoxyl)

Secondory saffa : ol
Common namcs. Add the word alcohol to the

namE of the altyl group,

Le., AlSl + akohol = AIM alcohol

IIJPAC namcs. Replace thc terminal 'e, from
the name of the corresponding alkane by the suffix
'ol'.

i.e., Alkane - e + o/ : Alkanol
SoEe imporant eramples are :

FORMUI-A COMMON NAME IUPAC NAME

cH3-oH
cH3cH2-oH
321
cH3cH2cH2-oH
321
CH1-CH-CHT-l

OH

Mcthyl alcohol

Erhyl alcohol

n -Propyl alcohol

lsopropyl alcohol

Methanol

Ethanol

Propan-l -ol

Propan-2d

(ii) Dihydric alcohols :

General formula : Cn H1 (OH), where n : 2,

3,4....etc.
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glycols etc. Thus, a-glycol is 1, 2-glycol, B-glycol is
1, 3-glycol and ro-glycol is one in which the two OH
groups arc attached to the tcrminal carbon atoms
of the chain.

Common names. In the common system, q-
g/ycols (also called vic-glycols) arc named byadding
the word 6/ycol to the common name of the alkene
from which they have been prepared by direct
hydrorylation. In contrast, B-,y- and ru-glycols are
named as the corresponditg polymethylene glycols.

IUPAC names. Add the suffix 'diol' to the
namc ofthe alkane containing the same number of
carbon atoms as the diol.

Alktne + diol = Alkanediol

The position o[ the two hydroxyl group is
indicatecl by urabic nunrerals.

The common and IUPAC namcs of some
glycols are given below :

F'()RIUUI-A COI\,IMON NAME IUP-,I,C NAME

21
HOCIJ2-CH2OH

21
cH3-cHoH-cHzoH

321
HOCH2-CU2-CH2OH

Ethylcne glycol

Propylene glycol

Tiinrethylene glyml

EthaDe-1, 2-diol

Propane-1, 2-diol

PropaDc- 1, 3-diol

(iil) TFihydric alcohols

General formulo : C, Hr,-l (OH),

Common namcs. Therc is no gcneral rulc for
naming these alcohols.

IUPAC name. Add the suf{ix'rlior to thename
ofthe alkane containing the same numbcr ofcarbon
atoms as the triol.

Alkane + lriol = Alkanetriol
The positior. of the hydroryl groups is indi-

catcd by arabic numerals.

FORIUUIN COMMON NAME IUPAC NAME

32r
cH--cH-cH-l'| t'OH OH OH

Glyccrol or Glvcerine Propaoc-1,2,3- triol

- .5. Ethers or Alkoryalkanes
' Geneml fotmula : R-O-R' where R and

R' are same or different alkyl groups. If R : R',
ethers are called rr'rnp le ethen atd if R * R',then
ethers are called m ixed ethen.

Functional Wup i- O-
Seconday prefa: Nkox!

Common names. Itr case of mixed ethers, add
the word ether to lhe names of the alkyl groups
arranged in alphabctical order. In case of simple

ethers, the numericalprefxdi is added to the name
of the alkyl group followed by the word ether.

IUPAC names. In the IUPAC system, ethers
are called alkoryalkanes. The smaller alkyl group
forms a part of the alkory group while the bigger
alkyl group forms a part of the alkane. The names
of the ethers are then derived by adding the suffix
alkory to the r.arne of the alkane,

i.e., Alkory + alkane = Alkoxyalkane

Some important examples are :

IIORIlIUT,A COMMON NAME IUPAC NAME

cH3-o-cH3

$ti-4-cH2CH3
cH3cH2-HH2CH3

Dimethylether

Ethyl methyl ether

Diethylether

Meiho)rymelhane

MethoxyetLane

Ethoryethane

Neur Cottse Cltem istrq
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6. Monocarboxylic acids or Alkanoic acids
Gcnerul formula: C,II,,*1COOH where z =

0,7,2,3..... etc. or R-COOHwhere R = H or
any alkyl group.

o
ll

Functional goup : -C-OH (carboryt)

Secondary suffa : oic aeld

Common names. These are derived from the
name of the platrt or animal Iiom which they were
first isolated.

I(JPAC names. Replace terminal ,e, from the
name ofthe corresponding alkane by the suffix orc
ucid

i.e., Alkane -e + oic acid =Alksnolc acid
Some important examples are :

FORMUI.A COMMON NAME IUPAC NAII'ID

_ n-6oon
cH3-cooH
cH3cH2-cooH
cH3cHzcHz-cooH

Formic acid

Acetic acid

Propionic acid

z-Butyric acid

Metbanoic acid

Ethaooic acid

Propanoic acid

Butanoic acid

7. Aldehydes or A.lkanals
General formula: CnHrnll CHO where n =

0, 7,2,3..... etc. or R-CHO
where R = H or any alkyl group.

o
il

Functional group: - C-H (aldehyde)

Secondary suffa : al

Common uames. Replacc lc acid from thc com-
mon name of the corrasponding acid which they give
upotr oxidation by th e word oldelyde . po, example,
Acetic acid - ic ocid + aldehyde : Acetaklehyde

IIIPAC names. Replacc the terminal .e , from thc
name of the corresponding alkane by the sulfx al

Le., Alkane -e + a/ = Alkanat
Some cxarnples are :

IIORMUI,A COMMON NAME IUPAC NAJIII'
h-LHU
cH3-cHo
cH3cH2-cHo
cH3CH2CH2-CHO

Formaldehyde

Acetaldehyde

Propionaldehyde

a-Butyraldehyde

Mcthanal

Erhanat

Propaoal

Butanal

t, Ketones or Alkanones
Genem$ormuh : C rHar*1COCrHr,*1 where

n = RandR,,
may If R=R"
keto if R*R,,
keto

Functional group : >C = O (Ketonic)

Common names, In casc of mixed ketones,
name the alJcyl groups in alphabeticat order and
then add the word ketone. In case of simple
kctones, the numerical prefix di is used before ihe
name of the alkyl group,

IUPAC names. Replace terminal ,e, from the
name ofthe corresponding alkane by the suflxoze

i.e. Alkune -e + one = Alkanone

Some ex4grples are :

Secondory suffu : ollre
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IIORMUIi COMMON NAME

cH3-co-cH3
CH3-CO-CH2CH3

12145
/'f-H3-CO-CH2C[12CH3
't2345

cH3cH2-CO-CHzCIl3

Dimethyl ketone or Acetonc

Ethyl orethyl ketone

Methyln-ProPYl ketoDe

Diethyl ketone

Propanone

ButaD-2-one
or Butanone

PeotaD-2-one

Pentan-3-one

. 9. Acitt chlorides or Acyl chlorides or

Alkanoyl chlorides

General lormulo: RCOCI where R = H or

any alkyl grouP
o
ll

Functiottul gtouP : -C-Cl
Sccondary sulfu : oYl chloride

Common names : Replace ic acid' from thc
common name of the corresponding acid by y/
chloride For examPle,

Acetic scid - ic acid + yl chloride = Acetyl

chloride
IUPAC names : Replace terminal 'e'from the

name of the corresponding alkane by the suffix oyl

chloide,
i.e., Alkane -e I oyl chloide = Alkanoyl

chloride

Some important examPles are :

T.ORMUIN COMMON NAME IUPAC NAME

H-1OCI(trnstobb)
cH3-{ocl
cH3cH2-COCI

tirrcnrbnr-coct

Formyl chloride

Ac€lyl chloride

PropioDyl chloride

,,-Butyryl chloride

MethaDoyl chloride

EthaDoyl chloride

Propanoyl chloride

Butanoyl chloride

'. 10. Acld anhYdrtdes
-General 

lotmual : R- CO - O - CO - R' or

(RCO)rO where R or R' may be same or different

alkyl groups.

oollll
Functional grouP : - C- O - C-

Secondary suffx : anhYdride '

Common or IUPAC names: Replacetheword
scid ftom the common or IUPAC name o[ the

corresponding acid by the word anlrydride '

Sonie imPortant.examPles are :

FORMIIIA COMNION NAME IUPAC NAME

(cHsc.oLo

ltHrcn co;ro
(crcurco;ro

4co-o-cocH!

Acetic anhydride

Propionic anhydride

Bis(chloroacetic anhYdride)

Acltic formic anhYdride

Etbanoic anhydride

Propanoic anhydride

Bis(chlorocthaDoic anhydride)

EthaDoic metbanoic anhydride
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11. Esters
(ieneral formula r R-COOR'where R=H

or any alkyl group while group R, is always an alkyl
grouP.

o
il

Functional group : - C- OR, (esfer)

Secondary prefa : alkyl
Secondary sufa : oate

Common or IUPAC n rmes : Write the name
of the alkyl group before the common or IUpAC
name of the parcnt acid with its tcrminal rc acrd
replacrd by oate.

Some important examples are :

H-COOCH3

H-cooqH5
cH3-coocH3
cH3- cooqHs

Mctry formaE

Ethy' formate

Metbyl acetate

Ethyl acEtate

Methyl mcthanoate

Ethylmethanoate

Methylethanoate

Ethyl ethanoatc

12, Acid amides or Nkanamides
Generolformula: RCONH, where R = Hor

any alkyl group

o
il

Ft.nclional Wup : - C - NH, (omide)

Secondary suffa : amide

Common names : Replacc ic acid, ftom lhe
common nartre of the corresponding acid by the
secondary sufEx azride.

th€ .tJffi
arnide,

i.e., Alkane - e + amide = dkanamide
Some important exaanplcs are :

H-CONHz

cH3-coNH2

cH3-cH2-coNH2

Formamide

Acetamide

PropioDamide

Methanamide

Ethanamide

Propanamide

13. Primary Amines

General formula r R-NII, where R is any
alkyl group

nurctional goup : -NH, (amino)

Seconda,l- suffa : amine
Common names : (i) Add the wotd amine to

the name of the alkyl group,
ie., Allcyl I amine = Allcylamine

(i) Altach the prefixamrno to the name ofthe
corresponding alkane,

ie., Amino + alkane = Aminoalkarre

IUPAC names. Replace the terminal ,e, from
tbe nam-e of the corresponding alkane by the secon-
dary suffix anine,

i.e., Alkane -e * amine = Alkanamine

Some importaDt examples are :

IUPAC NAME

IUPAC NAME
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COMMON NAME

Methsnamine

E(hanamine

Propan-l€mine
or PropaDamioe

Methylamine or Arninomcthane

Ethylamine or Amiloethane

,l.Propylamine or I -AminoProPane

cH3-NH2

cH3cH2-NH2

121
clt3cII2CH2-NH2

\{{. SecondatJ amlnes

General fotmula: R-NH - R'where R and

R' may be same or different alkyl groups'

Functional grouP: > NH (rrn ino)

Secondary Prefa : N-Nlql
Secoruhry sufft: amllrc

ups

in in"'
ln the

numerical prefx di is used before the name of the

alkyl group.
the name of

the ouP forms a

par larger alkYl

gro
IUPAC names : Add the prefix N-a'Ikyl to the

name of the alkanamine corresponding to the

larger alkyl grouP,

i.e., N-All<yl * alkanamine =N'Alkylalkanamlne
Some ImPortant examPles are :

FORMULA COMMON NAME ITIPAC NAMD

Cl-I3Nl ICH3 or (cH3)2NH

cH3cII2NHCH3

(cH3cl-12)2NH

Dimc rylamine or N-Mcthylaminomethane

Eth,'lmetlrylamine or N'Methylaminoethane

Diettrylamine or N'EtbylamiDo€thaDe

N-MethylmethaDamine

N-Mctlrylethanaminc

N-Ethylethanamine

' 15. Tertisry amines
R'

I

General fonnula: R-N-R" where R, R"
R" mav be same or different alkylgroups or two of

them may be same while the third may be dilferent'

' Secondary Prefu : N-allrYl' N-alkYl

I

Functional poup : -N - (tertiqry ni'rogen

atont) Secondary sufu: amine

Common names. (i) Name the alkyl groups in

alphabetical order u"dj!9i!9.'ffi* ot" Ifj*'

group.
IUPAC

N-allcyl (sma
alkanamine
gouP.

Some important examPles are :

NORMULA

(cH3)3N

cHrcH2N(CH3)2

. (ci3cHr2NCH3

(cH3cH2)3N

COMMON NAI\{E IUPAC NAME

fimetlrylamine or N, N'DimethylamiDomethane

Ethyldimcthylaminc or N, N'Dime thylaminoe thane

Diethylmethyldiiine or

N-Ethyl-N-mttlirlaminoethane
Ttiethylamine or N, N-Diethylaminoethane

N, N-DimethYlmethaMmine

N, N-Dimeihylethanamirle

N-Ethyl-N-methylethanamine

N, N-DiethyletbaoamiDc

s
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16. Nltrt,alkanes
Geteral fonrutla .. R-NO2 where R is any

alkyl group.
Functionol group :

z'\o_N -i4 <,u-,\()-
Secondary prefx : nitro

Common names. There are rro common
names for nitroalkans.

IUPAC names. Add the secondary prefxn ra
to the name of the alkane,

i.e., Nitro + alkone = Nitroalkane

Some important examples are:

17. Alkyl nitrit€s
Generol formula : R-O-N = O where R is

any alkyl group

Futrctional group : -O-N = O (nifite)

Secondsry sufix i nitlile

Common names : Add the secondarv suffix
nitrite to the name of the alkyl group

Le., Allql + nitite = Alkyl nitrite
IUPAC names. There are no IUpAC names

for alkyl nitrites.

cll3--o-N = o

cll3ct-I2-o-N = O

Methyl nitriie

Ethyl nirrire

cH3cH2cH2-o-N = o
O-N=O

cur-Ju-cn,

r-Propylnitrite

Isopropyl nitrite

\*t( Alkyl cyruldes or AlkanenlHles

-_ -General formula I R-C = N where R is any
alkyl group

Functionql goup: -C=N (clano or nitrite)
Secondor sufu : nll,Jfile

.. Comlo-n names : (i) Add the suffu cyonide to
the name of the alkyl group,

i.e., AllEl + qtanide = Alkyl qanldc

_ (u) Replace lb acrd from the common name of
the conesponding acid by the suffix orlarZe. ior
example,

Acelic dcid - ic acid + onitile = Acetonitrile

. However, in case of propionic acirJ. onic acid
$ J.eplacEd.by onifiile.For example, propionic acid
onrc sctd + onitrile = proplonitdle.

suffix n /a7e to thenaT the same number ofcarb ide,

i.e., Alkene + nitrile = Alkanenltrlle

Some ingertant examples are :

cHr-NO2

cH3cH2-N02

cH3cH2cH2-NO2

Nitrome thane

Nitro€thane

l- Nitropropane

Noz

cu,1JH-[H,
I

cH3CH2CH2CH2-NO2

Noz

lH,3Jr-.n,.r,

2-Nitropropane

l- Nitrobutane

2- Nitrobutaue

FORMULA FORI\{ULA COMMON NAME
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I]ORMUT-A COMMON NAME IUPAC NAME

cH3-cN
cH3CH2-CN

cH3cH2cH2-cN

Methyl cyanide or Acetonitrile

Ethyl cyanide or ProPioDitrile

n -Propyl cyanide or n -Butyronitrile

Ethanenitrile

Propanenitrile

Butanenitrile

19. IsocYanides or Isonitriles

General formulc .' R-N 
= 

C where R is any

alkyl group
Furtctionol group : -N ) C (isocyanide or

isonitile)

Common names. Add the sufltxisocyanide or

curbylamine to the name of the alkyl group.

IUPAC nam€s. There are no IUPAC names

for isocyanides or isonitriles.

Some imPortant examPles are:

Secondary suffuc.' isocyanide or isonitrile

FORMUI.A COMMON NAME

cH3-N = 
C

cH3cH2-N = C

Methyl isocyanide or Methyl carbylamine or Methyl isonitrile

Ethyl isocyanide or Ethyl carbylamine or Ethyl isonitrile

l4.ll.l.Rules for IUPAC Nomenclature for Branched chain Alkanes

The following rules are used for naming branched chain alkanes.

1. Longest chain rule. Select the longest con atom& This is called the parent

chain while all other carbon atoms which-are not hain are called branch chains or

side chains or substituenlr-fhe Uaoched chain alk a derivative of the parent chain'

il;;fi;;a tf,ut tt 
" 

longest chain may or may not be straight but it must be continuous' For example,

CH:

: CH3-CH2-CH-CH2-CH2-CH3'
1.. - -". - - - -: - - - - - - - - - l

I

l,ongest chain contains sir carbon atoms and

hence (I) is nan19d-a-s-a-d-e-rilzative of hexane

i CHTCH?:
i I:-""'"

cHr-l CH-CH:-cH2-cH3
L-----,1 l-----------

jcu,-cur-cH, 
I

,i 
- - - - - - - - -J

I-ongcst chain containsseven catbon atoms and

hence (II) is nanred as a derivative of hcptone

2. Rule for larger number of side chains.If nvo chains of equal lengths are possible' select tlrc one with

tlrc larger number of side chains' For example,
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i""""-'
: cH3-cH - CHCH,CH2CH3:
l. _ r r..l r. -.. ]. -tt

CH: CH,CH3
Nrnrcd as h.xnncwirh tuo a rylsubsrituents (Cr,7cct)

cH2cH2cH3 i

A:I
try suu-iiiriucnr 1 tltorg1

3. Lorrest number rule. Number the carbon a
from that end which gives the lowest possible
exanple, itr structure (I), the numbering can be
of the carbon chain as given in the sEucture
substituent, i.e., methyl group while the numbering
number, r'.e., 4 to be substituent.

The number thdl indicates the Position oI the nrbstituent on the psrent choin is called the posidonal
number or the locant. fius, the corect locant for the methyl side chain in stru"ture (i) is r.-

(l) LowEst sei oflocants rule. When two or more substituents are prescnt, the lowest set oflocants
rule ls applled. According to this rure whentwo or nore dwrent sets of blants ci^oi,ri"gri, ,iii i;-i),
of terms is posiible, then thal set oI locon* is the bwesr wiiich wlrcn clnrpored. tenn by titm with o ter sets,
each in order of increasing magnirude, has lhe lowest rerm ut lhe firsl poitit of dfuren;e.

on atoms of the parent chain are numbered from all
stituent from each direction. The set oflocants from
first point of difference is reached. That set of locants
t of ffierence. That is why this rule is also sometimes

. coruider, tbr example, the fonowing arkanes. Each alkane canbe numbered in two different ways as
shown in structures A and B.

cHr
t 2 -l 4 s 6
cH3cH2-.cH- cH2cH2CH3

IA (Corrcct)

2l
cH2cH3
I

cH3-3cH-4cH -cHzcH3
I

cH2cH2cH3
561

A(Cot4ct)
Scl of locants = 3, 4

3r,3r, -'i,Tl 3",3r,,r,
If, (honi

61
cH2cH3
I

CH.-CH -CH-CH^CH^4, ..,I
cH2cH2cH3
321

B (W!nt)
Scl of locanG = 4,5

. gut gf.tw.g sejs oflocants-(3,4) and (4, 5), the first set is lower aniirhence preferred because the firstterm, i.e., 3 in the fust set (3, 4) is lower thal the first term, i.e., 4 in the seconj set (4, 5).
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(rii) cH3-cH cH2-cH2-cH -cH- cH2-cH3' ln - -1". 
ln,

Set of locants = 2,5,6

cHr cHr
r l: I s

(rr) cH3-2c-cH2-4cH-cH3
I

CH:
A

Sct of locants = 2, 2, 4 (co.rtcl)

1234567

9H,ll34
cH3 - 2cH-cHzcH3

2-Mcthylbutane

CHT CH:

s l: I I
cH3 -4c- cH2 -2cH - cH3

I

CH:
B

Sel of locants - 2,4,4 (Btor8)

8 .- Corcct numbcdng

1 .-wrong nunrbering8765432
cH3- cH - cH2 - cH2- CH - CH - CHz- CHI

lllcHr cH3 cH3
Set of locants = 3,4, 7

Hcre, out of two sets of locants (2, 5, 6) and (3, a, 7), the first set is preferred because thefirst term,

i.c. 2 in the first set (2,5,6) is lower than the first term, i.e.,3 in the second set (3,4,7). Thus, the corlect

nanre of the alkane is 2, 5, |trimethyloctane.

4, Namc ofthe branched chain alkane, Prefix the ntnre of the substituent (i.e. the allEl grouP| ) to tlrc

nanre ol thc porcnr alkune and indicate its position (on lhe psrent chain) by witing before it the number of
tha coibotr. atom catrying the substituent. fie name of the subslituent is seParated from its locattt by q

\,phan 1-1. Tlu Iinal'na"me of tlrc alkane is always witten as one wotd. Some examples are given below

for illustration.

cH2cH3
12 l+s6
cH3cH2-3CH-CH2CH2CH3

3_Ethylhexane

_ S. Afphalretical order of the side ch ins. When two or more allEl gtoups (ide chains) arc Present
on'the paint choin, cach tlt<yt group prcfaedby ils positional number is atranged in alPhabeticql otder

(iruspictive of its po.ritional'ntlmbiri bifore the name ol the pqtent alkqne' For example,

123456
cHr-cH-CHCH2CH2CHItl

cH3 CH2CH3
3-Erlryl->met hylhexane

It may bc noted here that while dsciding the ulphabetical ord-er of the various alkyl groups, prehxes

iso ,rnd. nalt arc considered to be part of the-iundamental name of the alkyl group while the prefixes rec

und /c,1 arc not. For exarnPle,

cH2-cH3
lo

cH3-3CH-CH-CH2CH3
I

cHz -cHz - CH3
561

4-Ethyl- 3-melhr'lhePtane
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cH(cH3)'
1231s67a910
cH3cH2cH2 _cH _ cH _ cHzcH2cH2cH2cH3

I

cH3_cH_cH2cH3
5-rec-B

,-6 i[umbering of dlfferent alkyl groups at areptesent at.e_quivalent positions, the, numbering of k$group which comes lirst in he alphabetical oder For
example,

1 2 3 4 S 6 7_ Corr€ct numbcing

. gHr_gHr_cH_cH2_c_cH2_cH3
.., 7 6 5l 4 -31 Z - I i Incorrect numbering

inrcu, ir,
lErhy'_s_methythcptane

all<yl gtoups .

H3 cH3 cH3
3 2 1 1 21 3l
Hz-CH_CH3 CH3 _ CH _ C_CH2CH3ttcH, cH3_4cH _cH2_cH3

imcthvlhcxanc 
:-nttyt-2,:, +triricttryncxfne

. In cose the same alLyl gtouP occuR twice on the same carbon atom, its positionsl number is rllso repeated
twice, Fot example,

gH, cHzcH3 cH" cH,t 21 3 I 2 31 4 s 1 21 3 4 sl -6
cH3 - c- cI{3 cH3cHr_c _ cH2cH3 cH3_c _ cH_CHr_gH_cH,tt"tl

cH: cH2cH3 cH3 CH2CH3
2, 2-Dimcthylpropanc 3, lDiethylpcntane 3_Erhyl _2, 2, s_rdrDcthy'hcxane

(a) In case the substituent k)c
substituted allg:l group by of
The name of such a sub i;

s of the parent chain. For

i'---"- cii:-"---'-l1 2 3 4 s 6 i , zl '.1 ;- Complex
CH3 - CH- CH - CHr- CHr-CH -..1 CH2-CH-CH! i substituenr

I I t L-..---.--..------'---j
cH3 cH3 cH2_cH2_cH2_cH3

1a910
2, 3-Di ethyt-6-(2-methytpropyt)decane
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,CH,

I i- comDlex substituent2cH-cH3 
i

l9-T-:-9h-.i
1234 sl 6 i 8 e

cH3 -cH2- CH2-CH2-CH - CH2- CH2-CHz-CH3
5 - (1, 2 -DimclhYlPrcPYi)nonanc

(b) Il two complu substituents arc oJ equol length, !1t tle coynla subsdtuent wih ldry$ rumba S
ukfl'rt;;, fu-r;* L ji q *" bnge* iaion chiin while the other one is considered the rcal complet

subs lituent, For aample,

i

roe8765i
cH!-cH2- cH2-cH2- CH2-CH -:

4 cHz
rl

CHz-CH3 
iI 21 3 4 I

cH2-cH-cH2-cH3 i

Crftplcx substitucnt

cH3 - c- cH3

I

2cH2- cH3

5-(2'Ethvlbuy)'3, 3dimethyldccanc (Co'7tc')

5'(2, 2-Dinrethylbutyl)-3'ethyldecanc (lncoiec t)

k) white deciding the olphabcticol order of the vaious substituenls, lhe nane ofthe compld subslituent

i, ,iid"nd to begi, iith tti trrst lcuer o7 the comPlete name For example,

cH3 cH3

4 3 zl tl
CH3CH2-CH-CH '--+{ote

t 2 3 4 51 6 1 E 9 l0
cH3cH2cH2cH2 - CH- CH -CH2CH2CH2CH3

I

Note + CHzCH3
5-( l, 2-Dimethylbutyl)-6-ethyldec€ne

It nav be noted here that lhe complete name of the complex substituent is din elhylb:tlyl s:nce d-of

dLrJffi#;i;;il""-".'i".i-ti", " 
Lf the erhyt group in tlie alphabetical order, therefore, locant 5 is

given to the complex substituent and 6 to the ethyl group'

bstituenl occu/s more lhsn once on the Porenl chqin at dilferenl positions'

rec), tetrakis (for loui' Wntakis (for live) etc' are used before the name

examPle'
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CH,
rl

cH3-cH cHl
6 5 4 3l zl I
cH3-cH2-CH2-C _ CH_CH3

rl
cHr_cH_cH3

2-Mcthy' -3, 3-bis (r -nrerhyleth,,t)hcxanc

I

CH:

5, 5-Bis (1, 1-dimcrhytp.opyt)-2-mcthyldecanc

(vi) CH3CH2CH2CHCII2CH2CH3

&.ro,
(A.r.s.B. r992)

(D.S.B. reez)II

,

"R.OELEM9 
FORiP",R \

o, (cHr)3ccH2cHrlX'.r..,r,

(nr) cH3-cH - cH_cH3

L,, L,,
H:C QH,tt

(iy) CH3CH2-C- CH_qH5

cHzcH2cH3

I. Give the IUPAC Dames ofthe folloi/ing alkaoes :

QH,
(vrii) CHrCH I

(ix)
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iFF rqfl q E;FRQ eliF" 1$"9lpo.lr!;to.i

I

*' ,/\nrl\ (NcEnr)

2. What is wrong with thc follotliog names 'l Draw the
structures they rePresent alrd givc their correct

lllU'l1cs,

(i) l, l-DimethylPentane

(ii) 2-Methyl-?-propylhexane

(rii) 3-DimethylpcDtane

(iv) 4, 4-Dimethyl-3-ethylPentane

(v) 4-(2-Methylethyl)hePtane

l. (i) 2, 2, 4-Ttimethylhexane

(ii) 2, 2, 4 
jlrimethylPentane

0ri) 3, 4-Dinrelhylh€xane

(iv) 3, 4-Diethyl4-meihylhePrane

(v) 2, 2, 5jliimethylhePtane

(vi) 4-(1, l-DiDteihylethyl)heptaoe

(vii) 2,2, 7 :Iti'r:lethyl-4-( I -methylPropyl)nonane

(l,i,i) 6-Erhyl-5-(1, 1-dinethylethyl)-2-
methyloctane

(I.I) 5-(2, 2-DimethylProryl)nonane

(r) 2, 5-Dimethylheptane

cHr
r13456

2. (i) cH3-2aH-CH2CH2CH2CHI
2-Mcthylhcxanc

CH:
I 1 6 s 4l

riil CH^CH-CH.CH" - C-CH.t-
cH2cH2cH3
321

4, 4 -DimethYloctane

cHr
t 2 31 4 s

(iii) cHrcH2-c-cH2cHr
cH.l

3, 3-DinrcthylPentane

cHr

1i,y lH, -2J-3n-3r,-3r,
Jr, Jr,.n,

3-Ethyl-2, 2-dinrcthylPcntanc

CH"CH,CH,
1 z t cl '5'6" 1

(v) CH.CHTCHT-CH - CH2CH2CH3

4-ProPYlhePtanc

14.112. Rules for IUPAC Nomenclaturc of
Unsaturated Hydrocarbons (Alkenes and

Alkynes)

While naming compounds containing multi-
ple (double ana triple; bonds, the following addi-

tional rules are followed :

i5 4 3 2 1 i

iCHICHTCH2-C=CHz iL----------------.l.--------,
cH2- cH3

I
Parcnt chain contain6lltc carton atom6 (ca'|tc')

654
cH3cH2cH2 -

I
PaErt chain coltains slx cart on atoms ( ''attt)

3

C=CHz
I

cHz - CH3
2l
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2. Ifboth double and tiple bond; are present,
the numbering of the parent chain should always
be done lrom that end which is nearer to the double
or the tiple bond, i.e., flre low€st set of locants
trule fot the multiple bonds must be followed-For
example,

12345678
CH3-CH = CH-CHz-C = C-CHr-CH,

Correct numbcring, sct of locans = 2,5
E 1 6 5 4 32 1

CH3-CH = CH-CHz-C = C-CHr-CH,
Wrongnumbcring, s.t of locantB = 3,6

3. If, howeve4 there is a choice in numbeing,
the double bond is ulways giyen Wferc4rp-qfqL1he
mple Dona. ror example,

5 4 3 2 7 
-Convct 

numbering

CH=q-qgr-gH=CfL
I 2 3 4 5 *Wohgnurnbeing

4- II the organic compound contains only one
double or lhe tiple bond, its locant orthe poition-
ul nlr,mber is always placed before its suffix in
accordance with 1993 recommendations for
IUPAC nomenclature of organic compounds.
For example,

t234
CH3-CH=CH-CH3
But+2-ene=But-2-ene

If, however, both double and triple bonds
are present, their locants are writtonbefore therr
respective suffixes, the terminal'e' from the suffix
'ene' is dropped while writing the complete name
of the organic compotnd- It may be emphasized
Ircrc that the organic compound is nqmed qs
deivative oI allqne rather than alkene. For ex-
ample,

54321
' CH3-CH=CH-C = CH

Pent + 3--€n (d) I-yne = Pent-3--€n-t?ne

These rules are further illustrated by the fol
lowing additioaal examples :

Ch,
t 21 3 4

CHr=C-afl=afl,
2-Mcthy'buta-l, Hicnc

CH,
L2lls

HC = C-3 CH-C = CH
}-Methylpcnta-1, 4-diyne

654321
HC=C-CH=CH-CH=CHZ

HcE--!,3-dicn-s?nc
In some cases all the double and triple bonds

present in the molecule cannot be included in the
longest chain. ln such cases the following prefixes
are used for double and tdple bonded groups.

CH2= CH3CH =
Methylcne Ethylidcne

CH, = q11- HC = C-
Viny' orcthcnyl EthYnYl

CH,
s 4 llz 1

For example, CH, = 911 - rg - 
"H 

= CHz
3- Mct'lcncpcnta - l, 3 -dicne

7654321
CH3-C = C-CH-CHr-CH=CH,

I

CH=CHz
4 - Ethcnylhcpt-l-+n-s-rne
or,+-Vi ny'hepr-1--en-s]nc

IIXAIIPLD 14.9. Give the IUPAC name of the
following compound. (I.I.T 1990)

Solution, The bond line notation ofthe com-
pound given il the question represents the follow-
ing structuro :

9H,5 4 31 2 1

CH1- CH, - C= CH- CH -CH2 - CH3

I
cH3 - cH2 - cH- cH2-cH2-cH2- cH3

6 7 8 9 l0
5, 6-Diethyl-3_mcthytdec-4-€ne
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cH2cH3

(vi) CH, =CII-CH -C=CH2 U.I.S.B. 19e..)

(N.C.E.R.T.)

2. Give the condeosed and boDd'line structural lbr-
mulae for Lhe following :

(a) z-Methylbuta-1, 34reoe

(6) Penra-1,4-dieDe

(c) Hexa-1,3,5-triene

(d) 3-Ethylpenra-1, 3diene

l. (0 4-Ethyl-2, 4dimcthylhept-1-ene
(ii) 3-Methylbut-l-yne
(iii) 3-Chloro-1-phenylprop-1 -ene

(iv) 1-Bromobur-2-eDe (r,) 2-Chlorobuta-1, 3-diene

(vi) 2-Chloro-3€thylpenta-1, 4-diene

(vii) 5-Propyloct-z-yne

z.(a)c'z=f:r= .r,, A/
(.,)cH3-cH =f;", =.r,, 

)A

l. Give lhe IUPAC names of the following com-
pounds:

9H: QH,tt(i) CHTCH.CH'-C-CH.-C=CH2,,|
QHt

CH.t-(ii) CHr-CH-C=CH (D.S.B. 1992)

(lii) c6H5-cH = cH-cH2cr

(iv) Ctl3CH=CH-CH2Br

ct
I

(v) CH, = C-CH=CHz

(D) cH2 = cH-cHr-CH 1 cH2, 7('^
(c) CH2 = CH-CH = CH-CH = CHz,

14.113. Rules for IUPAC Nom€nclature of
Compounds Contalnlng one Functional Group,
Multlple Bonds and Substituents

While naming organic compounds containing
one functional group, double and triple bonds, and
substituents, the following additional rules are ob-
served.

1. Prrcnt chaln. Se/uct the longest possible
cltoin of carbon atoms containing the Iunctional
group and lhe moximum number of multiple bonds
ds the parf,nt chain withoul cqing whetlrct it also
denotes the longest possible catbon chain or not. For
example, in compound (I), thc parent chain con-
taining the functional group has four carbon atoms
while the longest possible carbon chain has live
carbon atoms.

432
cH3- cH2- cH- cH2- cH3
t 2 13 4 s

rcH2oH
I

Parent chain coDtaios four rather
than live carbon atoms.

Similarly, in compound (II), the parent chain
containing the functional group and the double
bond has six carbon atoms while the longest pos-
sible carbon chain has seven carbon atoms.

56
O CH = CHz

r 2ll 3 el s 6 7

cH3 - c-cH - cH-cHzcH2cH3
I

cH.
II

Parent chnin contains six rather
lhan sevcn carbon atoms.
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o
6 s 4 3ll 2 I
cH3-cH- cH2-c-cH2cH'

I

CH:
ll[ (Corrccr)

(>C = O gtoup ps lowd nunba 3)

o
1 s s lll s 6
cH3-cH-cH2-c_cH2cH3

I

cHr
lll (tlto,tg)

( > C = O goup grrs zumbo 4 \,Nch is not lol,.a,t)

V), correct num-berin ctiona.l group andnot5 set ofloicantirule.

cH3-c - cHz_cH_cH3
lr
b'. rCHroH

lV (Conect)
Set of locants = 2,4,4

CH"
t 21 3 4
cH3-C-CH2_CH_CH3

lr
cH, sburoH

tv (Wohs)
Set oflocants = 2,2,4

_. 3. Numberlng the chain t€rminating func_
tlonal grolups. Vyhen a chain terminating fuictional
solq _!y:h as -CHq -coofl, llcoon,
-CONHI, - COCI, - C = N etc. is present, ii is
always g]ven number I and number 1 is usually
omitted from the final name ofthe compound whei
l.here is no ambiguity. For example,

11
cH3 -cH2 _ cH_cH2_cHl

I

,cooH
2-Erhytbutan_1--oic acid

or simply 2_Ethylbutanoic acid

Hou-cvcr. in thc lirllrwing cxurnples the
numericul lur. anl I is alwuys ioclujed uhen another
numerical locant appcars in the same name.

CFT,
)l { I : I

cHt-c_cH_cH_cH2_cH3
llt

6cH2 cH2 oHtl
7cH3 cH3

4 - Ethyl -5, 5 - dimerhylheptan -3-ol
CH:

4 3 2l
cH3- cH2 _ c- cH2cHl

I

rcHo
2-ethyl-2-methytbutan- I -al
132
cH3-cH-cH-cH3

tt
cl lcooH

3-Chloro-2-methytbutan-l - oic acid

CH,
5 4l i 2

BrO'3 12 llr
-cH2-cH-c -oqHs

Ethyl 2 -bromobutan - I -oatc4321
cH3-cH = cH_cHzoH

Bur-2-en-l -ol
5 432 I
CH3 - C=C-CH, -CH= O

Pent-3-yn-'l -al1234567
CHr-C=CH-C-CH = C-CHrtiltcHr o cH3
2, 6-DimetMhepta-2, 5_dien _4_ooc

12
cH2 - cH,tt
OH OH

Etftarc-1,2-diol
123
cH2-cH-CH,
tltoH oH oH
Propane-1,2.3-triot

123
cH2 - CH2-CH2rloH oH

Propane-1, 3-diol
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HOoC-COoH NC-CH = CH-CN
Ethanc- 1, 2 -dioic acid But-2-cnc-l,'+{initrilc

'l 234
HOOC-CH = CH-COOH

But-2--€ne - l, rkioic acid

1234
OHC-CH=CH-CHO

But-2-4nc-1, 4 - dial

1234
H5qooc- cH' - cH2 - COOqHT

Diethyt butanc-1, 4-dioate

o
r 2ll 1

cH3-c-cH2

o
4 ll s

-c-cH3
Pcntane-2, 4-dionc

12 1234

)tL U;,: 
I 

E ::,|:.k'.'.i S,

(ir) Merhyl 2-methylprop-2-cn'1-oate

(.t) 3-Chloro-N€thyl-3-methylPentan- 1 -amide

(r) 2-MethoxyproPan-1 -al

(ri) 2, 4-Dimethyl-3-(1 -methylethyl)PentaD-3-ol

(rii) 3-MethylPentanal

Gr'v) 2-Methylbutanoic acid

(.rv) 6-MethyloctaD-3-ol

Gvi) Hexane-2, 4-diene

(rvii) 3-MethylPeDtanenitrile

(xviii) 3-ChloroProPanal.

"F<ODLEMS 
FOR 

'f7
Oive the IUPAC names of lhe following com'
pounds:

(i) qH5-c-cH2oH
I
CH,

(ii) CII3-CH=CH-CHO

(ii0 NH2-CH2-CH2-CH2-NH2

(iu) CH,-CH=CH-COOH
(l.I.T. 1986)

O,) (CH:)zC=CHCOCH:

(vi) CH2=CH-CN

(vii) ocH-cHO
(uiii) HoOC-C=C-COOH

9Hr
I

(tr) Cll, = C-COOCH3

(i) 2-EthylproP-2-€D- l-ol
(ri) But-2-en-1-al

(iii) Propane-1, 3.diamine

(iv) But-2-€n-l.oic acid

(v) 4-MethylPert-3€n-2{ne
(vi) Prop-2-en-l-nitrile
(vio Ethane-l,2dial
(viii) But-z-Yne-1, 4'dioic acid

CH:

1r; curcu, - flcr)-cH2-coNHCH2cH3

?'n,
(.u) cH3 - CH-CHO

(rr) [(cH3)2cH]3coH @s.8. 1e4)
(rii) cH3cH2CHCHzCHO

t,,
(n'v) CH3CHCII2CH3

Joot
(rv) CH3CH2CHOHCH2CH2CH(CH3)CH2CHl

(xvi) CH3CH2COCH2COCHs O

(-rO \L/cN 6viiD oJH

(H.S.B 1999)

(N.C.E.R.T.)

14.11.4. Rules for IUPAC Nomenclature of

Poly'fu nctlonal ComPounds
()rsanic comDounds which contain two or

more fu"nctional foup. ot" called polyfunctional

io,irpouna". Theii IUieC names are obtained as

follows :
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cipal functional group is made otr the basis of the
following order of prefercnce.*

Cafiodylic acidr > nlphonic acids > an-
hydrides > este$ > acid chloides > acid amides
> nitiles > oldehydes > kelones > alcohols >

phenols > thiols > amines > ethers > alkenes >
allcynes.

All the remaining functional groups such as
/ralo (fluoro, chloro, bromo, iodo), nr'troso ( -NO),

n ro (-NO2), and olkoty (-oR), R (alkyl),

CoH, etc. are always treated as substituent groups.

It may be noted that while writing the names
of the poly'functional compounds, the principal
functional group is indicated by addinglhe secon-
dary sufix to the word root while the secondary
functional groups arc indicated by adding suitable
prefues to thewotd root. The prefixes for secon dary
functional groups are listed below:

SECOND/RY
FUNCTIONAL GROUP

PREFIX PREFIX

-x (E cl, Br, I)

-oH
-sH
-oR
-NHz
_NHR

-NRz

Halo
Hydrqy
Mercapto

Altdy
Amino

Alkylamino
Dialkylamino

-cHo
C=O

-cooH
-cooR
-coct
--€N

-coNH2

Fornryl or alkanoyl

Kelo or oxo

Carboxy

Alkorycarbonyl or carbalkory

Halocarbonyl or haloalkanoyl

Clano
Carbamoyl or Carboxamido

2. Selectlng the prlnclpal chaln. llhile select
ing the pincipal chain present fu a polylunctionol
compound core slrculd be taken that it must contain
lhe pincipol functional group und the maxjmum
number of second,ory lunctional groups and multiple
bonds, if any.

3. Numbering the pfiiclpal chzln, The pin-
cipal chqin ptesen in a polyfunctional compound
mt.st be numbered i,t such a wo, thot the pincipal
funclional group gets the lowest possible rutmber
followed by double bond, tiple bond snd the sub-
stiluents, i.e.

Pincipal functional group > double bond >
triple bond > substituents

4. Alphabetlcal order. The prelxes for the
secondary functional groups and other substituents
should be placed in alphabetical order before the
word root as explained earlier. If, however, two
groups of the same preference occupy identical
positions from either end of the parent chain, the
lower number must bc giveo to the group whose
prefx comes first in the alphabetical order. For
example,

4321
CICH,CH,CH,CH,BT

1 -Brcmo-++hlorobutanc (Co|cc t)

1234
clcHrcHrcFIrcHrBr

4 - Btomo-l {hlorobu tanc (t|4onq)

The rest ofthe rules for numerical prelxes are
the same as explained ea ier.

To illustrate these rules, let us consider the
following examples.

o
3 2 1ll

cH3 - c- cH2- cH2 - cH2- c- oH
5 -Kerohexa -1-oic acid
ors-Oxohexan-1-oic acid

-COOH is thc principal functional group while
> C = O is the substituent group

o
5 4ll 3 2 t, cH3 - c-cH2 - cH2- cHo

4-Kctopcntan-'l -al
or +Oxopcntan- I -al

- CHO is the principal functional group while
> C = O is the substituent group

NH2
5 41 3 2 r
cH3-cH-cH2-cHoH_cH3

4-Aminopcntan-2-ol
OH is the principal functional group whilc
NH2 is the substituent group

o
6 sll 4

Powcll 6nd Jcan-Claudc Richcr.

SECONDARY
TUNCTIONAL GROUP
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i"'?"
(iii) cFi2 = c - cH-cHz-cN

cH3-cH- cooH

fo"r,

HOOCCH. -CH-CH,COOH' 
[oou, 

-

(vi) CH, - CH-CH2 -CH2

cocH3 NHz

CHO
I

(vii) HOOCCH2-C-CH2CoOH

COOH

O OH NH.
s rll rl zl 'r
cH3-c - cH-cH-cooH

2-Anr in o-lhyd roxy-4--oxopcn tan _ I - oic acid

-COOH is thc principal functional groupwhile -Ntl,
-OH and >C = O are the substituent groups

51321
CH3-CH = C-CHz-COOH

I

coNH2
k-arbamo,,lpcn-3--cn-l--oic acid

-COOH is the principal functional group while

-CONH, is the substituent group

1321
CH2-C=CH-CH2OH
tl
CI CH,

4-Chloro-3-mcthylbul -2-en-1-ol
- OH is the principal functional group while

- Cl and - CH3 are substituents
4321
cH2- cH-cH2-coocH3
llcN ocH3

Methyl 4-clano-3 - mcthoxybutan -1-oatc
-coocH r is the priDcipal functional Sroup while

-OCH3 and -CN are the substituent SroupB

Give lhe IUPACnames for the follorring poly-fuDc-
tioDal eompounds.

(,) cH3cH2o-cH2-cHoH-cH3

9Hr
I

(,,) CH3-CH -CHz-9-CHrttNOu OH

(viii) CH,NH-CHr.rr-fllrr.r,
Iro

,o, r.=.-!X1.HoH-cH2cocr

1',,
G) CH]-CH-C-COOCH3

(r) cH2 = [L'Lo*,-"r,-.ro
(ri) cH3-cocH-cH2---cH2cl

QHs 6.1.s.8. rsss)
cH2cHo

r,,,t q)-r, (A.I.s.B.1sse)

(,,)

(r)

1,,) ?$/\ (rv)cr2cHcH2oH

O N'C'E'R'1:)

(i) l -EthoryProPan-2-ol

(ii) 2-Mcthyl4-nitroPcntan-2{l
(rii) 3-Hldrcxy4-rnethylPent'4-€ne-1-nitrile

(iv) 2-(}rbanloylproPanoic acid

(v) 3-Carboxy-1, s-Pentanedioic acid

(vi) 5-Amino-3-methylpentatl-2one
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(vii) 3 -carbory-3-fbrmylpcntane - 1, 5-dioic acid

(vdii) 4-Aminomethyl-2-ethyl-2-methyl bu tanal

(rx) 3 -Hydrory-4-nrethylhex-5-yn - 1 -onyl chloride
(x) Methyl 3-bron:o-2-h1 drory-2-nrethylbutarr-1 -

oate

(rr) 3-Hydroxy-4-methylpent-4-en-1 -al

(-ui) 5-chloro-3-ethylpentan-2one

(xiii) 2-(o -Bromophenyl) ethanal.

(.uu) 3-Bromo-3+hloroheptane
(xv) 2, 2-Dichloroetha n ol
(xvi) 3 -Eahyl4-met ! r',{ hept -5 -en-2-oue

(nii) z-EJhyl -3 -met hyl pen t - 2-en- t -at

14.11.5. Rules for Naming Alicyclic Com-
pounds

The following rules are geuerally used.

l. The names of alicyclic compounds ue ob-
toined by adding the prefix, 'cyclo' to the name of the
conesponding straight chain hydrocarbon (alkane,
alkene or allEne).

Cyclohexane Cyclopentene Cyclohexene

2. If two ot more allcyl groups or other sub-
stituent groups ore present in the ing their positions
are indicated by arabic numerals, i.e. l, J j, 4 .... etc.
Vl/hile numbeing the carborr atoms of lhe ing the
substituent which comes fint in the alphabetical
order is given the lowest number provided it does not
violate the lowest sum rule. For example,

1234
cH3-cH-cH2-cH3

Io
(2-Butyl)cyclohexane

cH2cH2cH2cH2cH3

V
Pentylcyclopentane

cH3-cH2-cH-cH2-cH3

3-Cyclobutylpentane

Note that parentheses are used wherever
necessary to avoid confusion. Here in the first ex-
ample, 2-butyl group has been enclosed in paren-
theses to emphasize that the locant 2 refers to the
substituent on the alkane and not on the ring (i.e.
cycloalkane).

(b) If the side than contains a multiple bond or
a functionol group, the aticyclic irrg is treated os lhe
substituent inespective of the size of the ing. For
example,

321
CH,-CH:CH,

I

,4'.
3-Cyclopropylprop-l -ene

4321
CH=CH_COC%

I

\̂-/
4-Cyclohexylbut.3+n -2-on g

1, 2 - Dimethylryclopentane I -Ethyl-2-methylryclohexane

3-Ethyl- 1, 1 -dimethylcyclohexane

3. (u) If the ingcontaiut more or equal number
of carbon atoms than the allgtl group attaclrcd n it,
it is named us a detivative of cycloalkane ancl the
all<yl group is treated qs a sltbstituent group, olherwise
il is nsrued as q deivqtive of olkane and the
cycloallEl group is considered as a subs,ituent grouD.
For example,
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l3

(c) If ntore than one alicyclic ing is attoched to
a single clruin, the compound is nomed 6 s deiva-
tive of dlkane inespective of the number o[ carbon
uiorns in tlrc ing or lhe chain. For example,

F"",-(
Dicyclopropylmcthane 1,3-Digtlohc,rylPtupanc

4. II a multiple (double or triple) bond and
some otlvt subslituents 4re pesent in the rin9 the

rutmbering is done in sach a way that the multiple
bond gets the lowest number.For e:r€lmple,

2

1

2,3-Dinrethy'c,'clop€nt-1<nc 3-Nitroc]'clohcx-1'cnc

5. II the ing co tqins a multiple bond and the

side chain contains a functional grouP, then the ing
is trcqted as lhe subslituent and lhe compound is

nunrcd 6 a deivative of the side chain. Forexample,

321
cH3-cH-cH2oH

I
,/t\z\J

2-(CyclopcnF3-€n-1-)t)Propan'1'ol

/'-----\ 1 3 2 1

cHr{ >cHrcHzcooH{ \:-/
32

3-(4-Methylolclohex-2-en-1'yl)ProPanoic acid

6, If the ing as well as the side chain contai,t

rturciondl groups, the compound is nomed qs a

deivotive of the side chain or the alicyclic ing oc'
cording ss ttrc .tide chain ot the ing contoins the

plitcipol Itlnctionql gtoup. For example,

Il the oliclclic ing qnd the side chqin contqitt
the .some functional group, lhe compound is named
os a deivative of the side chuin of lhe itry according
as the side chqin or t\rc ing contaits lliqher nwnber
ol carbon atonts. For example,

2-(2-Hrdrcrrylbut-1 -yl)cyclohexan-1'ol

2OHC- 7 2-6 I

Vr-\)- cH,_lcH;l_cHo
3\_J,

7-(3-Formylcyclopcnt.l-yl)hcptanal

7. If a compound contqins on qliclclic ing
dircctly linked to the benzene ing it is named as a

deivative ol benzene, i.e., lhe compound having
lowest state oI hyd,ruSenation. For example,

C)clohe)rylbenzene 
3

,-NO,

CH,

ty.,,

1 -(2-Methylcrclohexyl)-4-ni trobenzene

oHo

&",, :ry:;orN

3-(4-Nitrocyclohcx'1'cn-1 -yl)Prop-2'cn'1-oic acid

oon
'---lt' ' 21 3

( 2!cHr-ctt-cH2-NHCH3
2- (3 -Aminonlcthyl -2- hydroryprcpyl) cytlohcxan -1- one

171
CH = CH-COOH

3-Methylgrcloho€n-1{l 5, 6-Dimeth}'lcyclohex'2€n-1{De

o

(-1.,,
3-Hydroxycyclohexan- 1 -oDe
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9. If an alicyclic compound contains carbon
containing functionol groups, the carbon atoms of
the functional groups are not includedi.o the parent
name of the alicyclic system. Therefore, for such
systems, the following prelxes and suffixes for the
functional groups are commonly used.

CHO
Io

ClElohexanccarba dehydc
Functional

8roul,
SuIIix

_CHO

-cooH
-cox
(x = E Cl, Br, I)

-COOR

-coNH2

-CN

Fornryl

Carboxy

Halocarbooyl

Alkorycarbonyl
or Carbalkory

Carbamoyl

Clano

Carbaldehyde

Carboxylic acid

Carbotryl halide

Alkyl
carbc)'late

Carbqamide

Carbonitrile

coNH2
,l

el'",
2-Methylcyclopenranc- I

carboxamidc

o
2U

a-1;Cooc2Hs
\-,/

Ethyl (2-oxocyclohexarc)- t-
carboxylatc

It -cHo(-r
2-Oxocyclohcxanc-

carbaldchyde

o
2ll/Ycoon
(,

2-Oxo.],clohcxa nc.l.
carboxylic acid

1. Give the IUPAC nantes ofthe following compouods :

clo-Q (,i)

IcI{2]ecH3

(viii) 
cHrrcHrrrAICH2recH3

r,) C)=c=o (o)

o

{;,, $cH'cu'co*r'

QHs

+
cHr

OH

d
G

(vii)

(.r)

H3c cH2cHo (nr) 
D,-cH=cn-cu-cH2cH3El cn,

COOI I

(,,i) coNHC6H5 ,r, ^d e,; orr-;u-$cH2 cr-r2cr

Prefix
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(i) Clclohexylcyclohexane

(iii) l-qclopropyl-3-n]ethylpenl-1 -ene

(v) Methyl (2-oxocyclopentane)-1-carborylate

(vii) t -Ethyl4-methylc)clohexanc

(ir) Clclohex-2-eo- 1 -ol

(r) 4-Fornryl-2- oxocyclohexane-1 -carboxylic acid

(ri) 2-Ethenyl-3-mcthylcyclohexa-1, 3diene

(ii) 2-(2-Methylrylobut-l -eDyl)ethanal

(rv) 2-(3- Oxobu tyl)cyclohexan - l -one

(vD 5-qcloheryl-6 hydroxy-s-nlelhylhex-3'en-1-oic acid

(v i) l,3, 5- Tiis(decyl)ryclohexane

(.t) C)cloherylidenemethanone
(.lzi) ClclohexanecarboxaD ill ide

(.lz'v) 1 -( 1-Chloroethyl)4-(2-chloroethyl)clclohcxane

1.12- Writing Str rctural Formulae lrom
the IUPAC NarE of The Colpound lg++xr{r+

We have discussed above how to vnite IUPAC
name
grven.
struct
guen.
ves the following steps :

forpenr -join five carbon atoms and so on by single
bonds in a straight line.

2. Number the catbon chain from eithet direc-
tion.

i.e. ane, ene ortne
. If the comPound
e bond, identi$ its

position ganic comaound
ind put bond at its right
position

4. Identily the name and position ol lhe func'
tiona! group (secondary suffLr) Irom the IUPAC
name o7 thi compound and fu it at its ight Position
on lhe carbon chain.

5 . Iilentify the nanes and Positi
l/,tbstituents, il anY, from the IUPA
compound andfu them al lheir ighl

E cot+on chdin.
otllach the rc'
to satisly the

illustrate these

t.\: \\ ,t,: '.! |,t. p";ur r1r",*cturc oI Wi
4en-2-ol.

Soflrtior. Stcp 1. The word root pent' ir,dr-

cates that the longest carbon chain contains live

carbon atoms.

C-C-C_C_C

Step 2, Number thc carbon chain as indicated.
12345
C_C- C- C- C

Step 3. The secondary sufhx-o/ and the
numerical prefix 2 before it suggests that there is a

hydroryl group at position 2. Therefore, lx a

hydroryl goup at position 2 as shown

12345
C-C_C_C_C

I

OH

cz' and the numeri-
at there is a double

Put a double bond
between positions 4 and 5 as shown.

12345
C-C-C-C = C

I

OH

Step 5. Satisry the tetra covalency of each

carbon with the required number of hydrogen
atoms. Thus, the structural formula of pent-4-en-Z-
ol is

12345
CHr-CH-CHz-CH = CFlz

I

oH
! '. I (;i'e tllc slntcfiue of llrc

contpotttttl 3- rti|tocyck texcttc

Solution' Step 1. The primary prefix 'c.1'cla'

and the word root '/rd' me ans that the given com-

pound contains a six-numbered ring. Therefore,
draw a cyclohexane ring as shown :

Step 2. Number the carbon

cyclohexane ring as indicated.
atoms of the
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I
e /\z,V,

Step 3. Thc primary sullx ,cn, without any
numerical prelx indicatcs that there is a double
bond at position l. Thcrefore, put a double bond
between positions I and 2 as shown :

Iar\z
sl....-,J r

4

l. (r) cH3-cHcr-cH2cH2cH2cH3
(r'r) CH3-CHOH-CH.CH2CH2CHzCIIO

(rrr) CH3CH2CH=CHCH2COOU

?,,
(rv) cH,cH, -C - cu"oH.J,

crl2cH3
I

(v) CHTCHTCHTCHz-| - cH, - CH-cH2_cHj

cHzcHr oH

ct cH:

(,D d", r,rlfuo,
OH

Itaiil Io

Step 4. The secondary prefx ,niro, and the
numerical prelu 3 before it suggesls that here is a
nrtro group at position 3. Therefore, place a nitro
group at position 3.

1

Az\+No,
This represents complete structure of 3-

nitrocyclohexene.

?R.O?LEM9 FOR \
l. Draw tbe structures ofrhe following compouDds: (i) 4_Merhylpenr-4-eD_2_one

(i) z-Chlorohexaoe 0t) 3-MerhytbuGl -yDe
(.'i) 6-Hydrqyheptaoat (rii) 2_Erhyt-3_merhytp€nr_t-eDe.
(ill) Hex-3€D-l-oic acid J. write the condensed formulae for each oflhe fol_

(iv) 2-Chloro-2-melhylbutan- l -ot Iowing compounds :

(v) 5,5-Diethylnonan-3-ot (LS.M. Dhonbad t9g2)
(vi) l-Bromo-3. chlorocyclohex- l -cDe (i) Isopropyt alcohol
(vri) I , 3-DiDethylcyclohex- l €nc (!i) Methyl r-buryterher

(aii) Clclohex-2€n- l.ot. (r,t) 2-Chtoro- 1, l, I .lrifluoroethane
2. rrlJtite dc ur the structural formulae of rbc follo\p- (iv) 2-Methylbuta-1, 3jieoc

ing: GS.M. DhanbaL lgst ) (y) Bur_2-en_t {t.

2. (i) cHr-C-CH.-C=CH." J 'ln,

(r'i) CHr-CH-C=CH

CH:

(rr) CH3-CH2-CH-C=CH2

cH3 cH2CH3

3. (i) (cH3)2cHoH

(ri) CH3-O-C(CI{3)3

(rx) F3C - CH2CI

9Hs

1n1 cu, - f-cs=611,
(v) CHrCH=CHCH2OH
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Aromatic compounds contain one or more

isolated or fused benzene rings. An aromatic com-

pound consists of two parts :

(i) Nucleus ond (ii) Side chtitt
(t) Nucleus. The most ideal aromatic com-

three wa)4i :

O-O @
III

14.13, Nornenclature ol SlmPle
Aromalic ConPounds +,,r**,,,,+,r+'.r,ar,^i"*,,,r.i',;"',,

Howcver, many of their common namcs have also

been adopted by the IUPAC system, The positions

of the substituents in disubstituted benzenes are

indicatcd either by prelxes or by arabic numerals

such as o (ortho) for 1,2 ; nt (meta) for 1,3 and p
(para) for 1, 4.

zer,e rhrg are indicated
q, p,y .... in the common
numerals, i,e. 1,2,3 ... etc
However, many of these
known by their common names.

The IUPAC and common names (given in
brackets) ofa fewimportant members ofeach fami-

ly are given below. Wherever only one name is

given, it implies that the common name has also

been adopted bythe IPUAC sYstem.

1. Aromatic hydrocarbons (Arenes) '
Hydrocotbons which contoin bolh aliPhatic ond
oromatic units are called arenes.

Mqthylbcnzcry l,rDintcthy'bcnzcnc
Oolsaq @-xvlcnc\

l, IDimcthybcnzcrc
(n-Xylcnc) 1,

@
Bcnzcnc

I

''-"'/\"-ill
,-"--.-il"-

I
H

A circle inside the cyclohexane ring repre-
scots six completely delocallsed r'electrons or
three conjugated double bonds.

(ii) Side chain. The alkyl group or any other
aliphaticgroup containing at least one carbon atom
which is ittached to the benzene ring is called the

side chain.

In view of the above two parts of the aromatic

compounds, each Iamily of aromatic compounds

consists of the lbllowing two t)?es of compounds

with quite different chemical properties.

(i) Nucleot sub stituted

(ii) side chain substituted

(i) Nuclear substituted - tllose in tehicll the

functionul ptouD is dircctly otlschcd to tlrc bettzew
',rrg. 

t\4ost ;ithise compounds are better known by

their common and historical names. In the IUPAC

system, ,,lrsy are nanted as deivatives of benzene'

d
CH:

1l
7^\

tOJ
4l
cHr

4-Dimethylhenzenc
(P-XY|ene)

cHr

,,rt$"',
1, 3, s-Trimcthylbenzene

(Mcsitj lcne)
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123
cH3-cH-cH3

2-Propylbcnzcne
(Isoptopyl bcrvcnc or Curtenc)

OH

'1
()

;,f'{l
CH:

4-Methylphcnol
@-cresot)

Ethylt enzene

2. Aryl groups

3. Halogen derivativcs

CI

d

Benryt

C<- CHlro@'
Bcnzo o-Tolyl

cc13

d

r

ocH!

6
Phenylchloromethanc

(0cn4l chlondc)

Chlorobenzenc

,f''.A':L(lL.'-\_,2I ! r

3_Chlorotoluefle or
rr-Chlorotoluene

Et
(Phenetole o)

CH, -6d

CI
tLz,,clq

l, 2-Dichlorobcnzcrc or
o-Dichlorobcnzcnc

4
Mc thoxrtcnzcnc

(Anisole ot MctLl phd,yl chct)

(m1rctoD

(ii) Aromatic alcohols

Phenylmclhanol
(Dot4l olcohof)

21
pcH3-acH - oH

o
1-Phcnylcthrn-l -ot

@Ahavhry okohol)

5, Aromatlc ethers

o - c6H5
I

@
Phenorybenzcne
(Diphe yl ethet)

6cH2-.cHr-oH,I

o
2-Phenylcthan-1-ol

@-Phenylcthyl alcohol)

oH

ics.
3-Mcthylphenol

2

Pherlgh
,,oH

d
E"-'" _

U,,

OH
rl/A.-/-u

[( )1, "^''
v

2-Methylphen0l
(o_ct csoD
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CHO

//

6. Alilehydes

CHO
I

@
Bcnzaldehyde

2l
cH2cHo

Il-

@

72
cocH3

d

NO,
I

@
Nrtrobcnzenc

2-Hyd rory{renzaldchyde
(Saliq,lald.hydz)

321
p cHzcH2cHo

-A()r
!Phenylpropanal

(f -P h cny I p t o p i o n o I de hy de)

Dipheny'methanonc
(Beruophenone ot
Dphenyl ktohe)

9, Amines

(i) Arylamines

NHz
Io

Benzenaminc

@nitote)

(ii) Arall<ylanines

Phcnylmcthanamine 2-Phcnylethanamine
(Beiqlaminc) lf -Phcnylcrhylominc)

10. Carboxylic acids

COOH

2

fcHz
Io

I

- cH2 -NHz2-Phcnylethanal
(Pharylac.tald.hydr)

7. Ketones

1-Phcnylcthan - 1 - one
(Ace,ophcnonc or

MctW pharyl kaonc)

123
cocH2cH3
_J-

@
1-Phcnylpropan-l -onc

(hopiophopne)

8. Nitro compounds

Benzoic acid
or Bcnzcncca rboty'ic acid

COOH

cooH

aJ-cH,,
r(,J

2-Melhylbenzoic acid
(o-Toluic ocid)

COOH
rI -c(x)H(-::frv

l, }B€nzencdicarboaylic acid COOH(lfiphlhalicacid) 1,,1--Bcnzencdicarborylicacid
(TercPhhoic acq

coNH2

o
Ilenzamide

OH

2-HldoqDcnzoic acid 1,

(Solicylic ocid)

COOH

z-Benzenedicarboxylic acid
(Phrhalic ocid)

COOH
1l

()
T.d.u,,,

O,N

Noz
rl

@^.,
[. ]Dinitrobenzcne or

m-Dinitrobenzcne

2,4,6-Trinitrophcnol
(Picic acid)
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NHCOCH3

@
N-Phenylclhananlide

(N - Phenylacetomidr ot Acennilid.)

OC

d

23
cu, @so,H
4 -Toluctrcsrlphonic acid

G-Tolucn.iulphonic !cid)

13. Cyanides and lsoclanldes

coNHCHl

o
l\_-Mclhy'benzamide

o

CO

1

@

3

Mct Phcnyl ethanoate
(Phenyl oc.tatc)

14.14. Systematic Nomenclature lor Di- and
Po lyf unctional Aromatic Compounds :,,,,:,,,,,,,,i.

Q) llhen an aromatic compound contqins two
or more Iunctionql groups, it is named at a deivative
of the compound with the principal functional group
at position 1. For example,

COOH
tl

()
Y
NO,

4-NitrobcMoic acid
(COOH b thc ptincipal functional goup

Lhilc NO2is thc substin cnt group)

NH,
/

C=N

6
CH2C=N N=C6d

Bcnzcncnitrilc phcnytisocra nidc or
(Batzonitile u ph;y'cadr4aminc
Phcnyl cyanidc)

14. Arcn€dlazonlum salts

OF fi =Ncr cr3-@)-fi =r.rHso;
B€nzcncdiazonium // ,4 -Tolocncdi?u;oninnchloridc - /z hydrogcn sulphatc., ot Qt -fbfuancdieonium

lEtlrcgar *lphatc)

Benzoic anhldridc

acids

s03H
rl

@t'o'"
1,3.Bcnzenedisulphonic acid

2-Afiinophcnol
(OH b the principal luncriohol goup

while NH zLr thc suMitucnt Foup)
CN

,_,,_._*H.rr,ra,
or 3-Acetylbenzonitrile

(CN it the principal functionol g-oup
while COCH3is thc substi ucn Froup)

OH
rl

A6-cH'(\-./,tf'I
I

4 - Iodo-2- mcthylphcnol
(OH ir thc pincipal lunclionol gtoup)

cozH
lr-.\

P,,
OH

3-Bromo -4- hydrogtenzoic acid
(-COOH is thc pincipol luncdo,ut group)

CHO
rl-,/\

$o.",
OH

4 - Hydroxy- 3 - mdhorybcnzatdehydc
(-CHO b thc pincipal lunctionol g.oup\

oH
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(ii) If all the functional goups present in the

benzene ing are such whiclt sre normally trealed ds
substituent groups, the vaious groups are arranged in
alphahetical order with the group named fr^t in lhe
qlphabeticol order gelting the lowest locant provided
it does not riolate the lowest locant rule fot sll the
sub s tifi^e nts. For example,

NH,

-l.L -ct,fl'^\-(zv
l4

QHt
4 -Ethyl-2-mcthylaniline

(iv) llhen a benzene ing is attached to on
oliphqtic chain havinB afunctiondl gtoup, it is named
as phenyl deivative of that alipltutic compound. For
example,

Br

2, 3-Dibromo-l -phenylPentane

OH
,,..=1 4 31 2 t

(( )>cHr-cH-cH2-cHO\]z-l
4- Phenyl-3- hldrory6ulanal

EKAI\IPLI, 11.12. Wite the structures the Iol'
lowing compounds :

(a)o-Etbl&nisole (b)p-Nitoaniline
(c ) 4-Ethyl- 1 -tluoro-2-nitrobenzene.

(N.C.E.R.T,)

I -Brcmo- 1-Chlorc.2, 4.dinitrobenzcne
3-Chlorcbcnzcnc (and not 4rhloro-l,

(notl-chloto-3-brornobavav) 3.dinit-tanr"n"

NO,
Ir

Y\.,
CH:

3-Chloro-4-
methylnitrcbcnzene
(rol J-chloro-4-
meth),lniuobet&ne)

C1

L'u,-'u,
tgl_.,

2 - Bromo- 1, 3 -dichlorobenzenc
(not 1 -brcmo-4 6-Achbtobovcnc)

(ii) Wat o snbsfrtuenl is sltch vllich whm tokat

logelhowith the beruzne ing gives a special narne to thg

moleanh thenitb natnedas a deivotivu ofLtalmokale
wih llu bstttuenf otposr'tl:on 1. For examplq

OMeIr ^,6(-',v
l4

cH3
2-Ctloro -4 - methllanisolc

OH

Solution.
-A.l-.-OMe[9l-o",
o-Ethylanisolc

or2-EtManisolc

o,N@Nn,
p-Nitrcaniline

or 4-Nitrcariline

Noz

4-Ethyl-1-fluoto-1-

2-nitlobenzcnc

4

3, 4-Din1ethylPhenol
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PART III
BASIC PRINCIPLDS

Otr ORGANIC CHT]N'IIS TRY

14.'15. Electronic Displacemenl Covalent Bond iirii:l

14.15,1, Inducttve Etrect
Whenever an electrotr--withdrawing atom

s:ch as halogen i-e. -X (or a group such as niuo)
is attached to the end of a carbon chain, the o-

electrons of the C-X bond are attracted by or
displaced towards the more electronegatiYe
halogen atom. As a result, the atom X acquires a

small negative charye (i.e. d-) and C1 acquires a

small positive charge (ie. d+) a-s shown below

t66+ ,d+ 6+ 6-
cr*Q*Q'Cr,X
The small positive charge on Cl, in tum, at-

tracts the o-electrons of the C1 - Q bond towards

it. As a result, Q acquires a snall positive charge

fi.e., 66+), of course, smaller than that on Cr.

Similarly, C, will acquire a small positive charge

(i.d. dA6+) that will still be smaller thaa that on Q.
This type of displacement oI o-clectrons along a
safirrated carbon chain whenever an electron

withdruwing (ot electron donating) group is present.

at the end oI the chain is called the lnductlve dlect -

or thc l- EIIEct, This effect weakens steadily with
increasing distarce from the substituent (elecfitn-
withdrawing or electron-donating group) dnd actual-
ly dies down qlter lhry gqrb_on g%'fhere are two
qpes ofinductive effects, i.e. - I+fIect and + l-ef-
fect.

(i) If the substituent attsched to the end ol the

catbon chain iJ electron-withdraYlng, the effect is

called - l-efleci. For eximple,

666+ tt+ d+ 6-
c ' c , c . x ( - I.Etfect)
The -I-effect of some of the atoms and

groups in the decreasing order is :

-NOz>-CN>-COOH>-F

6t6- dd- a-
c + c +c +cH3 (*I-effect)

The + I-elfect of some of the atoms or groups

in the decreasing order is :

,-Butyl Isopropyl

CH3CH2- , CHr- > D >H
Ethyl McthYl

Inductive effecl is a permanent effect operat-
ing in the ground state ofthe organic molecules and
hence is responsible for high melt!ngpoint, boiling
point and dipole moment of polar compounds

14.152. Electromeric Elfect.

Il involves tlle conplete lrqnsfet of electrcns of
a multiple bond (double or triple bond) lo one of tlrc
bonded qtoms (usually more electmneSotive) in
prcsence of qn attackinB reqgent. It is called E-effect.

>.n Rcagent addcd

Rcegcnt temolcd

"fhis elfect is temporary aad takes place only in
the presence ofa reagent. As soon as the reagent is
removed, the molccule reverts back to its original
position. Electromeric effect is of two t)?es, i.e.,

* E*tfect and - E-e[ect.
II the elecfions of the fi-bond are translerred to

that atom of the double bond. to which the reagent
get finally attache4 the effect is called + E.€ffect.
For *anple, addition of a.ih to alkener.

'>"42>. - >i-;<
H

( + f,,-elt€cr)

If on the other hond the electons oI the double
bond are transfemd to an atom of the double bond
other thot the one to whkh the reagent gets ftnally
attached, the effectis called -E*fitr,t. For example,
the addition of cyanide ion to the carbonyl group.

+

>c-o-

> - Cl > -Br -l - ,t'-)
(ii) Ilthe substiruent qttached to the endolthe iC T t) 

+ CN- ---'-'+ )C-O-
ca,bon chain is electron.donatl ngr the ellect ir L/ 

|

called |l-effect. For example, CN

(- E+I[ecr)
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14.153. Resonance or Mesomerism
Sometimes it is not possible to assign a single electronic (Lewis) structure to a molecule which can

satisfactorily explain all its properties. In such a case, it has been found that the molecule can be
represented !l two or more electronic structures each one of which can explain most of the properties
but none of them can explain all the properties of the molecule. The real stiucture of the molecule lies
somewhere in between all t which, however, cannot be represented on paper.
Such a molecule is said to e ensrn. Thus, the phenomenon of resonance is saicl
to occur wlrcneverfor a mo )r more Lewis structrtres which dffir in the position of
electrons but not in the relative position of atoms. Tlre vaious Lewis structrtres are called canonicat or
resonanoe structures. The actual stntcture of the molecule is not represented by any of tfre -reionanci
sthcwtm-b:iii*ii 4 resonance hybrid of all tiese Let stn.ctures. The vaious resonance structures ore
separated by a double headed arrow (<+).

Thus, in the light_of resonance theory, benzene can be represented as a resonance hybrid of the
following two Kekule (Lewis) structures, I and IL

@
m

Any of these two Kekule structures, cannot explain all the properties of benzene. According to these
structures, a molecule ofbenzene should have three carbon-carbon single bonds of 1.54 A length ind three
carbon-carbon double bonds of 1.34 A length. But actually it has been Iound that all the six ca'rbon-carbon
bonds in benzene are equal (139 A). This implies that actual structure of benzene is neither represented
by I nor by II but is a resonance hybnd of theie two structures. In other words, any two ad.iacent carbon
atoms in benzene are neither joined by
carbon-carbon bond lengths are equal,
of 1.34A and carbon- 

"iboo 
singl bo

of 
-ben-zene 

is usually represented by the formula III. The circle inside the ring denotes completely
delocalized six z-electrons.

Similarly, carbon dioxide can be written as a resonance hybrid of the following three structures (I!
V and VI) :

-O,Cl n.' R-C.ZO-H .->

+

-C=C): 
-

C Jo: ._ -,ci +
:O=C -ti,-

Due to contributions of structures (V and VI), the carbon-orygen bond in CO, has some triple bond
character. As a result, the carbon-orygen bond length (1.15 A1 i" CO, lies in between normal carbon-
oxygen double bond length of 1.22A and carbon-orygen triple bond length of 1.10 A.

Like benzene and CO2, carborylic acids may be regarded as a resonance hybrid of the following two
structures (VII and VIII) :

6-
o
ll d*

= R-C'.=-'O - H
Resonance hybrid

, O'-
l+

R_C = 9_H
vIIIVII

Like molecules, ions also show resonance. For example, CO3-, NO! etc.
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(i) Resonance structurts of CO!- ion :

(*

-o:
6-

= 
o'\.a'=''o
d- ,t/

Rcsonance hltrid

n-
O.:- + 6-

= 'nrN-=--o
a- ../
o-7
Resonancc hprid

-o4- ,(ir* A -'9r*
^ -N:O: <- )N

Y ,o/
Conrriburing strucru;s

-, ti

(iii) Resonance structurs of nitromethane

Resonance energr. Aresonance hybrid (or the
actual molecule) is always more stable than any of
its canonical structures (hypothetical or imaginary
structures). This stability is due to delocalization of
electrons and is measured in terrns of resonance
energr or delocalizatlot energ.It is dqned as the
differenci in intemal energt oI the resonance hybid
ond the most stable canonical structure. Fwlhe,i
more the number of equivalent resononce strucfiires,

Woter is the delocdlization of electrons, higher is the
rcsonance ene,Rt qnd hence more stable is lhe com-
pound, ln case of benzene, this resonance energ5t

has been determined to be 150.62 kJ (or 36 kcal)
mol- 1.

Conditions for resonance. Some important
condition^s for resonance are listed below :

(i) The various resonance strucrures should di[-
fer onty in the position oI electrons and. not in the
position of atoms ot nuclei.

(ii) All the rcsonarce structures should have the
same number ol unpaired electrons-

(iii) In case of aloms of the second period in
the peiodic asble, such ,"sonance sfrucfries which
violate oct t nJJe should not be considered For
example,

structure (II) cannot be considered as a resonance
structure sinc€ it violates the octet rule because
nitrogen has 10 electrons. In other words, nitrogen
cannot haye more than 8 electrons because it does
not have d-orbitals.

Relative contrlbutions of Resonance struc-
tures.

(i) Slrucnrrcs which are indistinguishable are of
equol energt and hence conoibute eEully towar^
the resonance hybrid. For example,

@........* [)*o 3",-rfi1"*

.........- cHz = cH - lH,
(ii) Srucdrres h,ith gealer number of covqlent

bottds contibute more lowatds the resonance hybid.
For example, 1, 3-butadienc is a resonance hybrid
of structures (I, II and III)

car! slt i cH /[H, .----_
I

+-
CH2 - CH =CH - CHz ..........l

II

CH2-CH=CH-CH,
III

cH,/:)-iH, ifo 6u,-cH=NH,
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Since formation of a bond is accompanicd by
releaie of energy, thgrefore, structure (I) with tw;
z-bonds is more stable than structures (II and III)
which contaih onez-bond each.Ilence it*rrur, 111
nrukes more contribution towards lhe resonsnce
ltybid that slructures (II and III).

(iii) S|uctures which involvc sapqrution of
positive and negative charges are ofhigher enetg) and
ltence contibute little towards the resonance hybid.
For example, tbe contribution of structure (V)
which involves separation of positive and negarive
charges is much less than the structure (IV)
towards resonance hybrid of carborylic acids.

zo,l--tt r',
R-ili;-H
IV Qnorc srable)

(iv) Wren atoms of d,ifferent electronegotivilies
are involved, lhe strucLtrc with a negative chatge on
llrc tnore electronegatige utom and positive chatge on
the less electronegative atom is ol lower enew and
hence contributes more towards the rcsonance hybid
than lhe altemate structure in which the chatges are
revened. Eor example,

R\ r\-C=O:
R./

since it helps

+ /-\
(CH3)2C I o - H .---------

Ix

-t

, Ci ,-
l+n_c=9_H

Y (lels stoble)

+
(q+),c = o: H

x

to disperse the positive charge. However, thc con-
tribution of structure (X) is much less than that of
structure (IX).

Resonance Effect or Mesomeric Elfect.
In case of conjugated systems (having alter-

nate o-and z- bonds), the electrons can flow from
one part of the system to the other due to
resonance. This tlow of electrons fi.om one pan of
thc conjugsted system to the other creotitry centres of
low and high electron density due to the phenomenon
of rercnance is colled resonance elfect (R.etfect) or
mesom€ric €Ifect (M- ellecl). It is ol two types :

,. .lifbroups which donate electrons to the double
bond ot to a coniugated system on said to have + R
or * M+lfect. For example, - OH, - OR - SH,

-SR, -NH2, - NHR, - NR2, -Cl, - Br, -I etc.
Thus,

y'ln.-+
CH, = 611 a Cl: <.......-.} : CHr-CH = Cl :

1+ n+ffecrl
\,Qfj'Groups which vtithdmw electrons from the

double bond or from a conjugated system towards
themselyes dre to resonsnce are said to have -R or
- M-effect For eximple, > C = O, -CHO, -
COOR, - CN, - NO2 etc. Thus,

cH,4). c 4r, .--------

+
CH2-CH=C=N:-

( - R-el[€ct)
14.15.4. Hyperconju8ation Elfect.
The inductive effect of the alkyl groups on a

saturated carbon chain follows the order :

(cH3)3c- > (cH3)zcH- > cH3cH2- >cH3-
However, when an alkyl group is attachod to

an urisatqrated system such as a double bond or a
6enzene ring, the order of inductive effect is actual-
ly revelsed. This effect is called hyperconJugatlon
€ffect or BakerNathan efrect.

ln fact, hyperconjugation effect is an exten-
sion of the resonance effect. Whereas resonance
effect involves delocalization ofz-elechons of two
or more conjugated double bonds or z- electrons
of a double bond and non-bonding, i.c., n-electrons
of a heteroatom, hyperconj:rgation involves
delocalization of o-electrons through overlapping
ofp-orbitals of a double bond with o-orbital of the

R\*
lC - o:-

R./.
VII (le,js imponant)\'l (moy irnpoftont)

'rlfi (l.ast inpodant\
structure (VIII) with the positive charge on the
more electronegative orygen atom and a negative
charge on the less electronegative carbon atom
contributes less towards the resonance hybrid of a
ketone as compared to the alternate structure (VII)
with the charges reversed.

(v) Structures which help to delocalize the poti-
tive charge makc important contribution tonrdrds the
resonance hybrid regardless of the fact whether the
positive charge is on less or more electronegalive
alom. Fu example, structure (X) makes a sig-
nificant contribution towards tho resonance hvbrid
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. In terms ofslru.ctures, h),perconjugation may
be represented as ftrllows ;

HH*
t^\

H-CICH = CH:* H-C=CH_q.Hz _
l-l
Hp

I
H
I

H+ C = CH-CH,- *
I

H
l

H
I

H_C H+

H
I

H-C H+

H
I

H-C H+

_ (+ Six more such shuctures due to two other
a-hydmgen atoms)

cH3 - > CH3CH' _ >(cH3)2cH_ >(cH3)rC_

H
I

H-C=CH-CHi

H+
IT

groups are o, p-directirtg

, . 
(ii),. Shortening of carbon_carbon single

bonds adjacent to multiple bonds.
HH+
l-r

H-f rtH=fH, .-.- r-,?=gr-cH, 
"rc.rl

,HH

, (iii) Relatiye stablllty of alkenes. Heats of
nyorogenatron (AHz) show that greal.er Ihc number
ofalkylgroups attached to the doublybonded carb_

FIGURE I4.6. Orbital represenlarion ot
hyperconiugalion. i.e., o_ 7r-Coniugation

udjaccnl singlc honrl (r'.c. o -,r, crrnjugation) as
shown in Fig. 14.6:
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on atoms, greater is the stability (i e' lowur is thc

t 
"ri 

of nyAiog.nrtion) ofthe alkene Consider, for

examplc the following alkenes:

aa
cH3 CH3

" I t"
CHr-C = C-CH,

2, lDimethylbut-2-enc (l)

Cfwclvea-H;aH = -26 6kcal ol-r)

CH.

"tCHr-C=CH-CH,
2-Meth)4but-2- enc (II)

(Nine a-H ; A,r, = - 26 9 kcal mol-r)

cHr \ -/HrC=C
H -// \cu,

,taru-But-2-enc (lll)
(sL\ a-H; AH! =- 2? 6kcalmol-l)

CH: ..- -,.CHtt=C-
11./ -'-.\H

ca-Bui-2-ene (Iv)
(SL'(o-H; AH2 =-28 6kcal$ol-1

CHr-CH=CH,
ProPcne (v)

(fhrec a-H ; A,' = - 30 l kcal nrol-1)

CH'=911'
Ethenc (vl)

(No a-H; AHz = - 32 E kcal mol-t)

(iv) Stabllity of carbocations and frte radi'

ort. it 
" 

i.iutiu" .tability of carbocations and free

radicals follows the same sequence " 
leftiary >

,iiundrry > pimary.This or<Jer of stability can be

"r.ity.*ptrin.A 
on ihe basis of hyperconjugation'

f"fl-Butvl carbocation has nire a-hydrogens

and hcnce nine hyperconjugation structures can be

written for it ns shown below :

HH+
l--r *

H-cJc-cH..--- H-c = c-cH3 <---'
llll
H CH3 H CH3

tert - Bulyl carbocalion
gH
tl

H+ i= C-CH3.-'H-C = C-CHr
lll
H CH3 H+ cH3

+ Six more such structures lrom the other two
methyl grouPs.

For isopropyl carbocation, six hyperconjuga-

tion structuris can be written as shown below :

h+
H-C V C-CU. -- H -C = C-CH: .._

lrll
HHHH

Isopropyl carbocation
gH
tl

H+ C = C-CH, *------ H-C = C-CH:
lll
H H H+H

+ three more such structures from the other
methyl grouP

In a similar waythree hyperconjugation struc-

tures can be written for ethyl arbocation as shown

below :

HH+
l^r

H-ClCH, ------+ H-C = Qt{, ++
t'lsH

Ethyl carbocation

H+

'H
I

H+ C= CHZ 

-I

H

H
I

H-C = CHz

H+
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However, for CHr+ carbocation, nohypercon_
.iu-gation structnre can be written. Thus, the order
of stability of carbocations is

(cHr3c+ > (cH3)2cHr > cH3cH2+ > cH3+

.. Similarly, wc can cxplain the stability of tree
radicals, i.e..

(cH3)36 > (cH3)raH > cnrcHr, 6Hr.

presence 
-of 

qn elcctron_ delicient qbm it hent.t tectroph,tles may be either po.titively chorgcd or
electncqlly neutral chemicat specie.r, i.i.,

(i) Positive electrophiles :

H+, H3o+, cl+, Br+, tr, tior, tio, n*

(i i) N e u tru t e t e c tropr,rrr, 
^(:"j:::"::lj:;:CR, (carbenes), :NR (nitrenes), BF3, AlCl3,

FeCl , SnCl erc.

, . 
Sir:: both positively charge<J and neutral

ereqrophrles,are short by a pair of elecrrons (free
raotcats are, however, short by one electron), they
have a strong tcndency lo attract electroni [rori
other sources and hencr behave as t*wis acids.
Electmphiles olwqys quqck the sub.rttuie ,rot"rrii"-i,
the site ol higlest etectron-density.

r,r loving chenrical

*::iilJ"t",,'.:Y
taining al lcasl onc lonc

plarr ol 
, 
etectrotrs,. They may bc cither ncgalivcly

cnarged or neutral chemical specrcs. e.g.,

-,_ 9) lr!:,t:r_,uckophites; H- (hydride ion),
...1_,8.-, I-, R- (carbanion). OH-, bR-, SR 

:;
NHt, CN- , RCOO- erc.

(ii) Neutrul nucleophites :

urci , , NHr, nNH, , ndu , nSu, ncjn 
"t".

, Sincc both negalively chargctl anrJ neutral
nucteophtles contain at Ieast onc unshrrred pirir o[
..]:.,]r.n., lhey have a strong tendcncv to dnnrt.
thrs patr ol elcclrons [o cl."tron d.fici.nt rp.ci.i
and hence behave as l,ewis bases. Mrrteiptrj,it":t
always ottack the substrqte molecule ot he ;itu;f
lowest electrcn dcnsiN.

'14.16. Fission ol a Covalent Bond ,r. iir',;iii+::;i+

Hcterolrtic fission

A++:B_
ronegative than A)

AA:B A:- * B+ ;.;:'Y:iri{l:i:i+i::i:riir.iii+i

(a) Etect

..species. Their
'bines 

ond nitrenes.
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(a) Carbocatlons (earlier cslled as car'bonium
ions). Arcmical species bearing a positive clutge on
carbon and carrying six elecfions in its valence shell
arc called czrbocatlons -

These are formed by hetcrolytic cleavage of
the covalent bonds in which the leaving group takes
away with it the shared pair of electrons (of the
covalent bond). For example,

n+
i.?., (CH3)3ClCl ----.--- (CHr)rC + Cl-

,err-Butylchloridc /att.BuMcarbocalio,

Classlfication. Carbocations are classified as

primary (1'), secondary (2') and tertiary (3.) ac-
cording as the positive charge is present otr a
primary, secondary ald a tertiary carbon atom
respectively. For example,

++

OrbltAl Structurc. Tlrc carbocations are
planar chemical specres. The carbon atom carrying
the positive charge is sp2-hybridizcd. The three
.rp2-hybridized orbitals of this carbon form rhrec
o-bonds with monovalent atoms or groups which lie
in a plane and are inclined to one another at an
angle of 120'. The unhybridized Q-orbitalwhich is
perpendicular to the plane of the three o-bonds is,
however, empty (Fig. 14.7).

EMPTY
p-oRBITAL

CH:
I

cH3-c-cH3
+

,dr, - Butyl cartocation

Stablllty. The order of stability of carboca-
lions follows the sequence :! > T > 1'. This
order of stability of carbocations can be easily ex'
piained on the basis
by the + l-effect (e
fect) of the alkyl gr
il
c
a
Thus,

$*o"r*-.lr",o,rro
I CARBON

(b) Carbanions. Chemical species beaing a
trcgative chatge on cqrbon snd possessittg eight
electrons in its valence thell qre called carbanions.

These are produced byheteroly'tic cleavage of
covalent bonds in which the shared pair ofelectrons
remains with the carbon atom. For example,

/^\ nHO-+HTCH._CHO
Acetaldehyde

H2O + :CHr - CHO
Acetaldehyde carbanion

/1 n
H2N- + H-C=C-H

Amide ion Acctylene

-;Q=C-H *NH,
AcelYlide ion

Classilication. Like carbocations, carbauions
arc also classified as primary (1'), secondary (2')
and tertiary (3') according as the oegative charge is
present on a primary, secondary and a tertiary
carbon atom respectively. For examplc,

cH3 - cH2
Ethyl carbocalion (1')

cH3-cH-cH3
lsoprcIryl carbocation (2')

{
R
2',

H

I
> H---{+

I

H
Mcthylcarbocation

H

I

i
R

H

I
R-----{+

I

H

Carbocations are liighly reactive chemical
species since the carbon atom carrying the positive
charge has only six clectron's in its valence shell and
thus has a strong tendency to comPlete its octet.

R-CHt R2CH-
Pri ma ry carbanion (1') Secondary carbanion (2")

R:c-
Teniary ca$anion (3")

FIGURE 14,7, Orbiial structure
of carbocations.



ORGANIC CHEMISTRY _ SOME BASIC PBINCIPLES
14165

. Stabillty. The order of stability of carbanions
is just opposite to that of carbocations and free
radicals, r'.e.,1' > 2" > 3..

H

IFH:-
I

H
Methylcarbanion

H

I

I
H
l'

RR

n-la n-J-n.R-cH2
P.imary(t")

and free radicals, car_
d highly reqctive chemicsl
carbanions is believed to
a formal charge on them.

Sccondary(z") Terriary(3.)

9H, !'H,lr
cH3 - c- cH3 > cH3 _ cH

,err-But,l flcc radicrl (3) Isopropyt
frEc tadicat (2")

H

IR---*{:-
i
R
2'

R

I> R--r-C:-
+
R
3'

urLar c{rnrau[ tne lone pau ot elecfuons, (Fig. 14.9).

> cH3 - cH,
Erhy' frl.
ndicat(t)

p-ORBITAL

, CH:
Mcrhy' frcc

radical

FIGUIIE 14.8. Orbttal stn.rhrre of carbanions.

as
uP
ho

.ORBITAL

Cl. +.CI
Chlorinc frce mdicals

Ctb
Chlorinc

sp3-HYBRtDtzED
CARBON

AEl,",o,,.o
,,, "o"to'

Homolylic clea!,age

ELECTRON

FIGURE f 4.9. OIbital structurcot lree rardicals
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I Stahility ofcnrbocations :

(i) ph3c+ > ph2cH+ > (cH3)3 c+ > PhcH2+ > (cH3)2crlr > cH2=cH-cH2+

cH3cH2+ > R-cH=cH+ >ceHr+ ,cHr+ >Hc=c+

L}
+

>R-C=CHz>

(r0 cH3o-@FcHr+, orr-@cuz+, OFcHf , Noz@cuz+

(eleclfon.donolingsllbstitl.en|increasewhileelectton-wilhdrawing*hsiruenlldecrcasethe$abilityofsuh-
tlifi ed benzYl catboc aliotLt)

: I Stability ofcarbanions :

(i) HC = C- > (C6H5)3C- > (C6H5)2CH- > C6H5CH2- >CH2=CH-CHt >C6H5- > CH2=C}I- >

cHt > CFI3CII2- > (cll3)2cH- > (CH3)3C-

{,il orN-(}Gr; ' @Crr; , cu:@Crr' ' Grro-@cH;

-, Stflbility of free radicals :

(i) (c6H5)ra > (c6rL)2aH > C6H5aH2 > CH, = cg-611, ', 
(CH3)3i >

(cH3)2cH >cH3aH2 >CH3 >CH2 =iH tgc =c

6DcH3o@cuz,cur-@aHr' (,+cnr' wor-@cH'

!:,
All the organic reactions can be broadly clas-

sified into the following four ryPes:

l. S ub s ti tltti on ruo ctions,

2. Addition rcactions ,

3. Elimination reaclions and

4. Rearangement reaction s.

5. Condensation reactions,

6. lsomerization reactions,

7. PericYclic reactions,

8. Polymerization reactions'

t. Substitution Rea ctlons.A substihttion reac-

tion is thqt which irtvolves the d'irect replacement

(disDlocemcnt orsubstitution) ol an atom or a gtoup

L1 ito^, in ,, orgonic molccule by another atom or

group of a t the remaining

io,t'oi tn obtained as a

iesult- of e substitution

oroduct and the newatom orgroup ofatomswhich
lnrers the molecule is called a substituent'

;:
s:

(i) Nucleophilic substitution reactions' SUD-

srirutiin resctiins which are btought obout by

nucleoohiles ure cslled nucleophilic substihttion

,"octions. In all these reactions' a stronger

nucleophilE a weaker

nucleophile. cal of allql
halides.For alkYl halide

with an aqueous base :

l', ai/'t,t"s NeW Course Chemistrg'l&frlD
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A
/'---_.:\ d + I d-

HO- + -RlX
Ilydroxide ron Al|(r|rt hatrde

t.\nonyr nucleophile)

.- R_OH
Alcohol

(Subsdtution prodltct)

+ --X- (X = Cl,Brorl)
Hatidc ion

(lleakcr nuclcophite)

Clrlorcbcnzcnc
(Suhiid.tion WAM)

Nitl-dtion
+ H2SO1)...-............

.+ .cH: + H_cl
Methyt free

radical

-----r cH3-cl + .cl

R
HCN I

R-C-oH
_CN_ 

I

CN
Kctone ryanohydrin
(Addition p|oduct)

/------r\ sr
CHjcH jcH, +-H* jA,

ProPylcnc +
cH3_cH_cH3

Isoprcpyt carhocarion (2")

.r,-;{l} cH3 - cH-cH3
I

Br
2-Brcmopaoparc
(Addinon product)

@-"+ cr+(ct +Fecr3) 3:"'11
Chloroniurlr ion
(Elcctrophi le)

6!ct + s*\:<-/

H + NO2+ (HNO3

^ Nitronium ionuenzen€ (Electophilc,)

@.*o, +H+
NitrDbcizcoe

(Substiunon podtct)

cH3-H + cq s4-amx 
cH3 -cl + HCI

Mctharc orhv Mcthy' chloridc

. The reaction occurs by a free raciical mecha_
nrsm wtuch rnvolves the followiog three stcps :

Initiqtion :

6lEr
(Homof'tic fission)

hv or520-670 K Chlorinc frcE r-adicats
Ptopqgqtion:

cH3-H + .cl

'cH3 + cl_cl

Tbrmination : . Cl + .Cl 
------- Ct

aad . CH, + . (lH3 -....-..) CH3 - CH3

Ho- + HCN ....._ Hzo *n,g.T*,,.

n- ,'/-.-.-\
*2t=rf, * *"SI,nr" 

-.----*

Kctonc

Fast
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reactioI,is'Addition
rsdicals are t dlled

For examPle, addi-
nce of Peroxides :

Peroxidcs

CH3CH =CHr*HBr
ProPene

ti'--.,"t#'r;l,r:''

The readion occurs by the folloving mechanism :

Initiotion i

t^ /'\. A or hv

nrj )l 6n 2Ro'
Peroxide Homolt'tic fisslon Alkory free radical

RO. + HBr + ROH + Bl
Bro ine free radical

Slow

PtoPugqtion; CHrCH=CH, + Br ' ----""''

cHr-CH-CHrBr
IsoProPYl frec radical (2')

' Fast

CH.-CH-CH2Br + HBr ------'

CHr-CHr-CHrBr + Br

n-ProPyl bromidc

Temlinaliott: Br + Br --"""r Br-Br

3. Elimination reactions' An elininotiott

and 7 (gamma) elimination reaclions'

Dichlorocarbene is the rcactive intermediate

involved in carbylamine reaction and Reinrer'

Tiemann reaction.

halides r

Aciil-catalysed dehydration of alcohols'

P a n Conc H'sor

H 1CH27 CH2 r- OH
\_-/

Ethanol

CHr=CH2 + H2o
Ethene

Base'catalysed dehydrohalogenation of alkyl

halides.

/-\ lg \ " n KoH(arc.)
HO H 1CH,: CHZ I BT 

-

EthYlbromide A

CH2=CH2 + KBI + HzO

Ethene

HH
\fl /\c/

CycloProPa nc

Zn dust

7-Eliminarion

/,H * ZnBr,\H/ H<t
Ho 

j + 7,)cct,ct'' CycloproPane

This reaction is called Freunil reaction and is

exlensivelv used for the synthesis o[ three mem-
Hzo + cl bered rinis.

H\

H/

' t$oroform
: CCl, +

Dichloloca rbcnc
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4. Condensatlon rcacalons, In these rcactions
different rcac-
or without the
as HrO, HCl,

NH, ROH etc. For example, two molecules of

,.o o\-
Dit. NaOHcH3-q-H + H-CH2_C_H

\_---,/

cH.r
I Conc. Hrso4cH3-c-cH,-oH ' 

'
I

CH:
2, 2 -Dimethylprcpan - I -ol

l'Carbocation

cHr ..1tou'

I -u+ |cH3-t-cHzcHr -j- cur--<; = cHcgr

Ethanal
(Acetaldebde) oHo

4 31 2 I Il
cH3-cH-CH2_c_H

3 _ Hydrcxybur6n.l
(A p _bdrxrotd.ttyd. orAtdol)

re e mineral acids

sa form a,p-un_

Thus,

OH
I u.o+

cH3-cH-CH2-cHo -:.-
,, 37flydrcxybutsn"l A

.,/ , CH:-CH = CH-gHt * Ila
But_2_cml

(Ctotoruld.Jtydc)

An example of a condensation reaction which
occurs with the elimination of a molecule of H2O is
the reaction between benzaldehyde and aniline to
tbrm benzylideneaniline.

ccHrcH =iii +-iirrNc.u, .---
Bcn/dchldc '---'-'- - lrririn.

C.}IrCH=NC.H, + HrO
Bcnzylidcrc6nilinc

rne_actlons. Reactiont in_
atom or a goup from one
sane molecule are called

reanangemenl reoclions. For exanple,

. . (r) Dehydration of 2, 2-.li"nethylpropan-t-ol
with conc. H2SOa, occurs though 1, i-mgiration of
the methyl group to give the rearranged product,
i e., 2- methylbut-2-ene

(ti) Wohler synthesis of urea from ammonium
cyanate (formed by double decomposition ofa mix_
ture of NH.CI and sodium cyanaie) is ako an ex-
ample of a rearraogement rcaction.

A
NH.CI + NaCNO .....+ NHTCNO + NaCl

NH.cNo o, r,,(li}"JL
Ammonium cysnatc

Prcton tranrfcr
HO-C = N- 

-:= 

HO-C=NH
I

NH,
Tautomerises

O=C_NHz
I

NH,
Urea

involving
on treat-

3' Carbocation
(morc $obl.)

2-Mcthylbur-2-cne

I

+ NH,

o
I

R-C-NH2

1'Amide

Bty'KoH

(konang.rncnt)

lr
[n-i-r.,nn. 3I-

-Hzo

o
Il .-n

R-C-NJBr _-r.. _Br_
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Acyl nitrcnc

qHr\ 
/H hv

C=C'
11/ - cH, s'
ttdns-B,ul-2'cnc
Similarlv. l-bromobutane isomeriscs to 2-

bromobutane 
'in 

prescnce of anhydrous AlCl, at

575 K.

CH3-CI{2-cHz-cnr-n' IY ^1
l -Brcmobut nc 575 K

Br
I

t''-91;;.t"f*"f"''

(). t Write the name of the substituent pr€sent in the folloting compounds :

cHr
I

-4.--,- CH-CH2COOH
(,)19l-cr
(ii) GrocH2cH2o)2clrcooE

Rcerran!!mcnt

Ally' isocYlmle

KOH
R-NHz + K2CO3

(Hfro}{,J) 1" Aminc

amide.

6. Isomerisatlon Eactlons. Reactions which

involve interconvenion of one isomer into another

isomerization reaction.

(D
;, I cu;--" " .qH, I-'llilli

L ctt;' -' " - cH, J

Four_membcEd crlic
transition statc

cH2- CHz
I

cH2 - CH2
qrclobutane

cH3\ zcHt
C=C

11/ -H
crr-But-2-enc

This addition of one ethene molecule 2z-
eleclro,t sistem\ to another ethene molecule (2 z-
etectron systemi) is commonly called 2t + 2n ot
simply (2 + 2) cycloadditlon rcaction'

Acrylonitrile
(Dienophilc)

A

Diels-Alder
reaclion

rr)
$cN

Cyclohcx-3-en- I -
carbonitrile

a
m
tion or Dlels-Altler rtac{ion.

s. These reactions
number of small
form a molecule

with high molecular weight called polymer' For

example,
r CH2=CH, -' 

(CH2-CH),
Erh'icnc(Moiona) Potylhene (Potfrn?r)

Buta-1,3-diene
(Dicnc)

Six-membered ryclic
tr-ansition statc

14i70
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Ans (i)

e. :. wbich bord is E3$'*flf,fffiHl,*rs pair6 of Eotecutes !

(a) H3C-H, H3C-Br
(b) H3C-NH2' H3C-OH

(c) E3C-OH, H3C-SH

Ans" (a) C-Br sinc€ Br is more €lectronegative than H
(r) C--O sinc€ O is morc electrooegative tha[ N
(c) C-O since O is more electronegalive than S.

(l -r In wbich C-C bond of CH3CHrCHrBr, thc irductiye elIect is expected to be the le{st ?

Ans. The magnitude ofinductive effect decreases with disLanc€ and hence the effect is least in q-q bond_

32t
CHr*-{Hr*-CHr*-{r

(l -i !'[tite rEsoDritrc€ strucaures of (d) CH3COO- und (D) CoHrNH2. Show the movement of electrons by curved
arrovysl

(,:i)

Ars. (a) '''o:-__ cHr{__i,

+
NHz-o

Q 5. Whlch of thc followlng poirs of skuctures do lot corstitute rcsoroE.:e structures ?

(") H3c-i<:_r.d Hrc-o-N = o

- .'"-O : ,'O:-(r) cH3-c a and cHr-c 
-(- \cHi " -'.\\cH2

-oH(c) (cH3)2CO and CHr-C..._1_ 
ar,

(d) CH3CH = CHCH3 and CHICH2CII = CH2

(N.C.E.R.T.)

i--'-;'-;----'-l
i HOCH,CH, )- :- \,2 Ii icH-cooHi -/!
i HOCH2CH2O- i

ffi
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/^\^ A - These structurcs@nstitute a pair ofresonance structurcs

(6) cH3-c <?*-- cH3 - c<Y' 
2 

;ince thev differ in the positioo of electroDs onlv'

- cHr-

(c) These are not resonarlce struclures siDce they difier in the Position of aloms' Tbey are' in faci' tautomcrs'

cH3-c'-<h, : cH3-c<oH
'CHr-:-g oCH,

(d) These are not resonance structures sincc these differ in tbe P6ition of aEms' In fact' these are PGitioD

isomers.

Q. 6. Irrtitc the llsotrsDce structurtf ot CEr = CII-CHO anrt 8rrotr8c t$cm ln order ol dccrcasltr8 stablllty

+

*"rrG"rS, 
- 

8ur-cu=cH-g - .- -:cH2-cH-cH-o:
I'

Structure (I) is most stable sincr each C and O atom has aD octct of electrons and none of these atoms carnes

u

Q.7. GlyG rtssolE lrhy thc lollosltrg tro skucturt6 (I ond II) csrnot bc thc Eqlor coDHbutorr to thc rltl

structure of CITCOOCIII

Arrs. (4) The two structures differ io th-" P*ition of atorns and hcnc€ th are not tesonanc& structures' In fact'

these are functional isomcrs

:O:- ,ii,-

crrr4cr, -
(b)cH3a

cur-14 - cur.- "*r- 
[ - 6 - "'," +I "

Ars. Both these structu of charge and hence are of hioh enercv Thcrefore' henc€ do nol

contribute substan i""'r'i"uiio' n'nntt' the contr'ibution6fstructure (I) is lolrer than

itrai of structure tt a sextet of electrons'

Q. tl. UslDg curved sriow notatloq show the formrtion of re'ctlve lDttrmedlotes t'ben thc lollori'lng covalent

bonds urdel8o hetrrolyllc cleovage'

(c) cH3--si (r) cH3-cN (c) cH3-cu (N o'E'R'T\

Ars (4) Atthough both C and S bave same electronegatMty but the clearage of the C--^5 occurs tolllards S atom

because S being blgger ln slzc r[an disPerse the -ve charge more effectivety'

+
cH! + -scH3

- 
8ff, * -cll ('.'cN is more elcctronegative than cH3)

t"l 6)c, * -; 6fl, + Cu+ ( 
"'cu 

is nrore electroPositive than c)

Q 9 Givtng properjustlllcatior' categorise the following moleculesfons as rucleophite or electrophile:

HS-, BF} C2Hso-' (cH3)3 N :' Cl+' cH3t = o' HzN :- 
' 
No:' (N C'E R'T)
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ln* (f HS:- , qHr9'- , (cH3)3N: , rr2ii:-

All th€se sPecies haw onc or more lotre pqirs of electrons which it can easily dooatc !o an elcctmphile and
hence behave as [ucleophil€s.

++
(n)BF3, O+, CH,C=O, NO2
All the pditivcly charged sFcier batrc e scxtet of eledrons amund thc +w ocntres and hence can acccpt apair of electrons and ahus behavc as cleclmphiles.
simirarly B has onry a ssxtet of erectroos ana hence BF3, tbough neutrar, arso acr, a8 atr elecrroph e.
,.4:1y,tT,E-ahlllc clrtllE lr rhc foltortry: cH, - c - o, cErcN, Cnlr (N.CEJ..A
(a) cH2 = c I o H CH, = s - s- (D) cr{!-c j i 

- 
CH3--{ - rri :-

As a result of resonancc, the starred carbon alom in thc abo'' molc.,rl* carry a +vr charge ard bcnce are
electrophilic cenEes.

0+ 6-
(c) cHr-I
since I beiog mucb bi88er iD sizc than c can dispcrs€ thc negatve charge morc casily, thereforc, cH3 carries
a +ve charge atld hence is the elecrophilic ccntre.

Q il What ls the rclatioNhlp bctween the members of following psirs of structures ?
structuml or geometricol isomers, or Esonance contributors ?

Are they ideDtlcsl,
(N.C.E.R.T)

(b)
TI

OH
l+

H-t=oH

-c= c-H H'..a 
- 

",'cHrcl/' \cH2ct ct ,'

+OH

fcl n-J-on

(/) cHr-C = N-oE + II3O+

Ph

Atrs' (a) Erectrophiric addition (r) Free radicar substitution (c) Isomerisation (d) co,densation
(e) f-ElimiDarion reaction f) Rearrargement.

,r.,D-a="-.-H D-"="-'
'H// \D 11 .,2 - -\H

ADS (a) slructural (actually Pcition isomcrs as well as metame6) (r) Identical be.ause thc relationship bctti/cen
the H-atoms or cl and uH2cl remains to be aaro in oottr tt 

" 
it-&ures (c) resonance cootrioutors $ace-itrJ

differ in the pGition of electrons but not atoms (d) geometrical isomcrism.
Q. 12. Clossl$ the follc,wt[g tra[EfomstioDs eccorditrg to the reactiotr type. W.C.E.R.T)

(a) HsHE = CH-CH3 + Br, * HTHEBT-_{HBr_H,
(r) (H3c)2C = C(CH!)2 + Br2 

- @rc)rC - C(CBjCE2Br + IIBr
(c) HrC - CE--CII1CII3 .+ H3C-CH = CH-CII3
(d) c5HscHo + CII3COCH! 

- 
cnH.cB(oH)cII2coqI'

(r) (cHr)3CCl + HO- * (cH3)2C = CH2

- ctrr-f"o
NIIPh
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Q. 1. What type ofhybridizstion is involved ln (i) plarar and (ii) lineor moleculcs ?

Ans. (i) ,rP2 (ii) ,rP.

Q, 2. What are isomers ?

Ans.Con]Poundshavi[ssamemoleculartormulabutdifferentchemicalandPbysicalproPrtiesarecalledisomers.

Q. 3. Whst t]Te ofisomerism is shown by hutane and isobutane ?

Ans. Chain or nuclear isonlerism.

Q, 4. Write the tsutorner ofacetatdehyde and write its IUPAC naEte ?

Ans. CH, = CHOH, eth-1-en-1-ol.

Q. 5. !'itlte the metamer of diethyl €ther. Whot is its IUPAC Daltre ?

Ans. 1-Methorypropane, CH3OCH2CH2CH3 or 2-methoxyPropane, CH3--OCH(CH3)2'

Q, 6. Give one examPle offilnctionol isomerlsE'

Ans. CHTCHTOH aod CH3OCH3

Q, 7. Write the aci-form ofnitromethane.

+ --o-
Ans. CH- = N-' \oH
Q, t. Draw the structrtre ofthe tautomer ofPhenol arld wrlte its IUPAC ncme'

Ans. Clclohexa-2, 4-dieD-1-one.

Q. 9. A compound is formed by the substitution of two chlori[e otoms for two hyd]oge[ atoms.ilr proPane' Whst

is the number ofstructuial isomers possible ? 1l;'l ! li'1't'11' r":

Ans. Four : l, l -dichloropropaoe (cH3CH2cHCl2)' 1, 2drchloroproPaDe (cH3CHCICH2CD'

2, 2-dichloropropane (cH3ccl2cH3) aod 1' 3-dichloroProPane (clcH2cHzcH2cl)'

Q. 10. Arrnnge the follorxing in incr€8siug order of C-C botrd lehgth : C2H5, C2Ha' C 2IJ2' iii I ti'\ !";tl t/)'
Ans. qH2 < QHn. QHc

Q. ll. What is a functioral grouP ?

Als.TheatomorgroupofatomsPresentinamoleculevghichlargelydeterminesitschemicalPropertiesiscalled
the functional SrouP

Q. t Z. whflt is the functional group of (i) an aldehyde and (O a nitro compound ? llll: lit!)t')tt t)')l

Ans. (i) -CHo ( ) -No,
Q. 13. Deline homologous s€ries.

Ans. Refer to the text.

Q. 14. What are primary end secordary sulfixes as applled to IUPAC nomenclature ?

Ans.Theprimarysuffixindicateswhethcrthecarbo[chainissaturatedorunsiltuEtedwhitethesecoDdarysufrlx
indicates the functional group Present in the molecule'

Q. 15. Name the alkll groups deriYcd from isobutone'

Ans. (i) (cH3)2cHCHz- (isobutyl) and (cH3[c - (t' but]l)'

Q. 16. Ctve the IUPAC nane of the coupound : CE2 = CII - CE(CH3),

Atrs. 3-Methylbuhl€ne.

Q. 17. Select electrophiles out of the followlng :

H+, Na+, cl-, czlrsoE, AICL, so3, cN-' clrlcHl ,:cclr, R-x

Ans H+ , Na+ , Alcb , so, , cHrcHf ,: ccl2' R-x

(R.I.T Raru.hi 1992)
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I
In SO3, O = s-o-, s atom carries a positilp charge aod hence acts as an erectrophire. In Ajcr3, Ar aionl has
,it and in : Cclz, C atonl has tit electrons in the valence shell and hence each one of these needs two more
erectrons to comprere their respective octets. As a resurt, both Arcl3 and : ccr2 act as erectrophires. Int+ d-
R-x, due to greater electronegativity ofx, R carrics a parrialpositive charge and hence acls asaD electrophile.

Q. lt. Select nucleophiles fmm the folloving : BF3 , NH3 r OH- , R_X , C2H'OH.
ans. r.iHr, ou-, qHrciu.

Q. 19. Arm4e the fo owing i
(i) -No2, -COOH, -F, -CN, -I, iD incrcasing ordcr of_I_efrccr.
(r, cH3-, D-, (cH3)3C-, (cH3)2CI{-, CHJCH2- in dccr€asio8 orderof +I. eIIecL

Ans. (i) -NO2 > -CN > -COOH > _ F> _ I
(r) (cH3)3c- > (cH3)2cH_ > cH3cH2_ > cH3_ > D_.

Q. 20, Arrange the follorying :

(r) c6HJaHcH3 , c5HjcEcII = cH2 , c6HscH2tH2 , c.rt i:1cH;, tn order ofincreasing srabiliry.
(i, CH30I2+ , C6II5CII2+ , (CH3)3C+, cH2 = CHCH2+ ir order of decreastng stability
(ia) HC = C-, CH, = CH-, CHsCHi, CHt, (CH3)2CH-, CaHrCHr- in order otitrcr€asing stab ity

Ans. (i) C6HTCHTCH2 < C6H5CHCH3 < C6H5qCHj)2 < cuUrCU - CH = CHz.
(i0 (cH3)3C+ > c6H5cH2+ > CH. = 6116gr+ > cH3cH2+.

(r'r) (cH3)2cH- < cH3cHt < cH3- < cHz = cH-< coHscHi < HC = e-.
Q. 21. \thich is expected to hG morc stable, OTNCHTCHTO- or CHTCHTO- ald why ? \,.(.. L Ir j: t

Ans' OrN * QFI, * CH, * 9- is more srable than CH3 + CHz + O - because NO2 group has _I-effect
aDd henc€ it rends to d^pers€ rhe_ve charge on the O€tom. ln contrasr, CHTCH, tras + I-effect- Ir, thcrefore,
tends to iDtensify the _ve charge and heoc€ destabilizes it.

Sec 14.1.
to 14.4,

l. Erplain tetravalcoc, of carbon.

e Why do€s carbon ufft€rgo hybridization prior to bood formadon ?3' Draw thc orbirar diagram tor m€rhane aDd ethane morearres indicating rhe hybridization i*orved.4' Di.arss thc orbirar diagram of ethcDc indica0og tbe rrybrk iztion invobia ano oc nature of the bondsfomred.
5' Describe tbc orbi[8rdiagramofacetylene indicatingth€ rrybrk izationiEyorved aDd thenaoreof boodsformed.

6 What is thc effcct of typc of hybrirtization on (, bod hogth (n) bond $rcn$n.7. Givc hybridization state ofcacb carbon in thc fottowing compounOs :
(a) cH2 = c - o (r) cH3-{H - cH2 (c) (cHrrco (d) c}r, _ 611611

G) cH3cHt (f) cH3cHi' k) cH3cH2
(NC.E.R.T)
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E. IDdicate o- and z-boods in the follo"ing comPounds :

(a) C5H6 (6) CcHrz @) c[rct', (d) CH2 = C - CH2 (d) CH3Noz 0D HcoNHcH3'
(N C'E'R'T')

(N.C.E.R.T')

possible isomers of molecular

9. Draw boodline formulae for

(a) rer-butylcycloPentaDe, (b) isoProPyl alcohol' (c) 2, 3- dimethylbutanal (d) hcptan-4-ore

(e) cyclohexanone.

fo. Wrlie condeDsed and bond-linc structural formulae for all the

formula:
(a) C6Hta (6) c6Hro (c) CEHro 1d) CrH13 (e) QHao (f) qH6o2 G) clHroo (h) c6H1rNo2'

(N.C.E.R.T\

isomcrs of the hydrocarbon having the
Scc. 14.5.

to l4.lt.
11. What is siructural isomcrism ? Draw all the structural--' 

moiecular formula, CsHlz Also Sivc thelr IUPAC names'

12. Explain : (i) Position isomerisDl (ii) fuDctional isoo'lerism Siving one example in each case'

13. An alkane has a molecular mass ofi2. Give allthe possible structural isoDrers alongwith their IUPAC

Dames

llirt. The Seneral formula of alkanes is qHzr+2

.. 12xn + lx(2,1 +2\=12
or 72n +2tt +2=12 ot n=5
Thus, the molecular formula of the alkane is C5H12 For stluctural isomers and their IUPAC names'

refer to ihe text

14. A hydrocarbon has the molecular mass ?0 Write all the possible structural isonlers and give their

IUPAC names.

[Ans. The hydrocarbon having molecular mass of?0 is C5Hl0 Itexisb in the followiDgfour structural

isontcrs :

(i) CH3CH2CH2CH=CH2 (pent-1-ene),

(i,) (cH3)2CH-cH=CH2 (3'methy'burl-ene) ;

(iii) CH3CH2CH=CHcH3 (pert'24ne) and

(iv) (cH3)2C=CHCH3 (2-methylbut'2-ene)l

15, Write the tautomers of (i) etbyl acetoacelate and acetylacetone ExPlain why the la(er has higher

Percentage of enol than the formar'

16. What is ;tuoctional group 'l Write the functioDal grouPs of the followiDg :

(i) Thioalcotrol (ii) Isothiocyaoate (iii) Thiocyanate and (iv) Sulphonic acid'

(v) Sulphores (vi) SulPhoxides'

[ans. (i) -sH (ii) -[ = c = s (iii) -s-C = N (iv) - so3H (v) > s = o (vi) -s 40,
\o'

17. What are alicrclic compounds' GivE two eEmPlcs with lheir namcs'

lE. What are homocyclic and heterocyclic comPouods' Give one sxample ofeacb typc with their names'

19. What is homotogous serics ? cive ic important characteristics Wtite the Iintt four homologues of

alcohols and 8i!'e their IUPAC names'

20. Give the condcnsed and bondline structural formulae 8nd idcntiry the functiooal Sroups Prqsent' if

bny, for

loi 2"1 a*lnetttytpntane (D) 2-Hydroxy-l' 2' 3-PropaDetricarbcxylic acid

1"1 frroo"r-r, S-aienc (d) Hemnedial (e) 2-(4-hobutytPheryl)Propanoic acid

A2-Hydtoxy-l,24iphcnytethan'1-one 
0V'CJEJII)
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Scc.l4.9.2l. Eplain thc following terms with oDc example in Each c€s€, (,) word root (ri) primary and secondary
to l.l.l4. sufftres and prefucs.

22. Draw the complete structures of bromomethane, bromoethaoc, 2-bromopropane and ,err-butyl
(N.C.E.RT)

(A.I.S.B. 1993)

(A.l.s.B. 1994)

(A.I.S.B. l99s)

bromidc. Arrangc them in order of increasing steric hindrance.

23. Give the IUPAC Dames of thc followiog compounds :

cH3cH2 cl

(i)cHz=cH-Jr-l=.",
QH,
I

0i) cH3 - cHz - c- cH - cH2cl

Br Br
FCItt(r')CH3-f-CH2-c-CH3

QHs QHs
Noz Br

1i,; ctr-l-cur-f-crr,
4r, Ln,

(v) CH'-CH-C-CH-CH.- 
tr, Ll",

rv^ CH--CH-C-CH-CH.'Jo, I 1",
(ui) CH3-CH - C-CH-OCH2 CH3

cH3o o cH3

(vrii) CHr - CH - C-CH-Br- 
,lo, I lr,

(rr) CH3CH = CHCHzNHz

(x) CH2 = CHCN

(r) cH3cHzcH(cHo)cH2cooH

trDor@N<crrrp

(.uii) CH3-CH-CH2-CH3

tonr,
(riv) CHj-CH-CH2-CH3

COCI

cHr
I

(,rv) CH3CH2-C-CH-CH2CH2OH

b, [,

(A.r.s.B. 199'

(D.S.8. t996)

(D.S.B. 1996)

(A.I.S.B. 1996)

(A.I.S.B. tee6)

(A.I.S.B. teery

(A.I.S.B. r9e7)

(,a.1.s.8.2001)

<D.5.D.200t)

(H.5.8.2002)

(H.5.D.2002\

(D.5.8.2002'
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(.rvi ) Cl ll-CH-CH-CH-CH2olI
oH OH Br

(rvii) CHr-C = C-CH2-CHO

@O ar-O)-cooqns

-,.o%Hsr^\
(..rx) ((J/

-__-___Cf
(D.S.B. zooit

(D.S.B. 2004 S')

(A.r.s.B. 2004 sl

t-) CJ-cu,on

Oxj) CH3CONHC5H5

[tuts" (i)2-Chloro-3€thylpeota-1,4-diene (r'i) 2,3-Dibromo-1-chloro-3-methylPeDtane (iii) 3-Chloro-
5- fluoro-3, sdimettrylheptane, (ir) 3-Bromo-3,5dimethyl- 5- iitrohePtane, (v) 2-Bron]o-4-methyl-
pcDtan-3-one, (vi) 4-Mettryl-2nitropentao-3{ne (wi) 2-Etho,ry-4-methorypeDtan-3-one
(viii) 2-Bromo-4-niiropntan-3{ne (r.r) Bu!2€n-l-aminc (r) Pro-2-en-l-nitrile (r) 3-Ethyl-4-
oxobuian-1-oic acid (.Ei) 4-Nitrco-N, Ndimelhylaniline (r'ii) 2-Metbylbutanamide (rv) 2-Methyl-
butaDoyl chloride (rv) 3,4-Dibromo4-methylhexan-1d (rvi) z-BromoP€ntane-1,3,4{riol
(rvir) Pent- 3-yn-l-al (rviit) Ethyl +bromobcnzoate (dE) 3-Chloro-1-ethqybeDzene (.ll) C)clohexyl-
methanol Ori) N-Phenylcthanamidel
\iftitc the shuctural formulae ofthe followinS:

(i)But-3€n-1-ol (r'i)2-Chlorobuta-1,3dicne

( i)2-Aminoethan-l-ol (rv)4-Ethyl-5-methylhex-2-ene

(v)2-Ethylprop-2€n-l-ol (vi)2,4-Dimethylhexan-3-one

(vri) 2-Ethorypropan" 

",
IAns. (i) CH2 = CHCH2CHTOH 0r)CHz= f-.r="r,

cH3 cH2cH3

(iO H2NCH2cHzoH 1ir) cH, [n-lncH =CHCH3

CH3 6 CH3

(v) ctlrcHr-c-cHrou 1vi) cur-fH-J-ln-.nr.n,
CH,

CH:
I

(u'i) CHTCHT-O-CH-CHj.l

Pick out the error and write the correcr IUPAC mmes for the follo inS.

(A.1.5.8.2002)

(A.1.5.8.2003)

6J.S.B. 2tDi)

(H.S.B. 1994)

(H.S.B. 1994)

, 
(i) 3-Peotyne (!i) l, 6-Hexadiene (iii) 2-Ethyl-2-pentene

(rv) 1,2-Dihydrdyetharc (v) pent- 4- en-l-yne.

iAbs. (i) Pent-2-yne (r:r) H€xa- 1, 5- diene (rit) 3-Methylbq-3€ne (iv) Ethane-1, 2-diol (v) Pent-l€n-
4-yne.l

Which of the fo[ot\dng represcnts thc corrcct ruPAC name for the comPounds coocErned :

(a) a ,Dimethylpentane or 2-Dimetbylpentane
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(D) Z 3-DimethylpenhDe or 3, 4-Dimethylpentane
(c)\ 4,7:ftimet$ootane or 2, 5, Tiltimethylocrane
(d) 2-Chloro-4-methylpeDtane or 4{itoro-}methylpentanc
(e) But.3.yn-l ol or But-4-ol-1-yne.

Sec.l4. t 5.
to 14.19.

lAtrs. (4) 2, 2-Dimethylpentane (6) 2, 3-Dimethylpenrane (c) 2, 4, ?-'Itimethytoctare ( d) Z-Chloto4_
methylpenrane (?) But-3-yn-l-ol.l

27. Draw formulae for the fitst five memb€6 of each homologous series begnning with thc following
compounds :

(o) H-coOH (6) cH3CocH3 (c) H-CH = CHz
2t. Explain inductivc a[|d electromeric efiect with mmplqs.

What is resonaoce ? Ho$ do€s resonanc! explain that all the carboo€rbon bond lengths in benzeDc
are equal (139 pm) ?

Spcctrccopic measurements indicate tbat thc ttrc ctrygen atonrs of sodium acetate are equivalert.
Both the C-O boods hara thc same length (126 pm). Bglrin.
What is resonance effed. ? What are it! variour typB ? ID what rcspects, does the resoMnce effect
differ from inducrivc effect ?

Draw resonance structures for thc following compounds. Show the electron shift using curvcd arrot
notation.

(a) c6H5oH, (D) C6HrNOr, (c) C.HrCHr+, (d) CHrCH = CHCHO, (?) CH3CH - CH-CH2+,

0D qHscHo, G) crt - cHocHr.
Explain why alkyl groupB act as electron donors c,hen attachcd to a ,{rstcm.

(N.C.E.R.T)

(N.c.E.R.T.)

(N.C.E.R.T\

(N.C.E.R.T.)33.

u.

35.

x.
37,

3t.
39.

40.

41.

Comment upon th€ statemcot : 'Usual order of iDdudivE effects of thc alkyl goup6 is oftcn reversed
wlrcn attaatred to a doJblc ffi or s bcruEnc rh&' Naloc thc dcfio[ cfica-aod illustratc your
aDsrer witb suitable examfl€s,

F](Plain lrypcrcoojugatioo cftrt
Hos, does ttypermojugatbn effect erplain the stability of alkeocs.
Explain tbc follc ing with one cEmple in each case.

(i) HoDolytic fstun (ri) Hetemtytic frsion of covalent bonds.
What are carbocadons ? Disoss their various typ€s.

Giw tq/o methods of preparation of carbmtioDs.
Disqrss thc confguration of carbctioos.
Hou, can.iDductir€ snd tryFrconjugatioo cffeds €xptain tbc stability of primary, secondary and teniary
carbmtiom.

42. What are electropbiles aDd nuc.leophiles ? Explain with eEmplcs. (N.C.E.R.T)

(N.C.E.R.r.)

(N.C.E.R.T)

43. classiry the reageDts sho n in the bold in the follcfliog equations as nucleophiles or electrophiles.
Usc c-urved arrou notation to shos, the electron Dovemcna

(a) cHrcooH + orr- * cH3coo- + H2o (r) cH3cocH' + NC- .+ CH3qCN)OHCH3
+

(c) C6H6 + CH3CO .- C6H5COCH3

[ADs. (z) nucleophile (b) nucleophite (c) etectrophilcl
What are reactivc intermediates ? Hot are they generated by boDd fission ?

What are ftee radicals ? Dis{uls thcir configuration.
Ho* cal hyperconjugation cfiect aDd inductive effe"t exphin the stability of primary, secoodary aDd
teniary ftee radicals.

What are carbanioDs ? Disqlss their configuration.
Give two methods of prcpardtion of carbanioos.
Discuss the stability of cadaoions on the basis of iDductiE effects.

44.

45.

46.

47,

4a.

49.

31.

32.
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51.

Explain the following reactions:

(i) Substitution (ii) Addition (iii) Elimination (iv) Rearrangement (v) lsomerization

(vi) Condensation (vii) Pericyclic.

For the following bond cleavages, use curved arrows to show the electron flow and classi$ each as

homolysis or heterolpis. Identiry reactive interDediate products as free radical, carbocation and

carbanion

(a)CHro-oCH3* cHr6+6cH, 1a) )c=o *oH- ---- >c=o +H2o

[turs. (a) Free radical (D) Carbanion (d) Carbocation]

52. Classi$ the following reactions in one of the reaction type studied-

(a) CHTCHTBT + HS-..- CHTCHTSH + Br-
(D) (CH3)2C=CH2 + HCI- (CH3)2CCI-CII3

(c) (CH3)3C-CH2OH + HBr- (CH3)2CBrCH2CH3

(d) CH3CH2BT + HO- ' CHz = CHz + HzO.

[Ans. (a) nucleophilic substitution (D) electrophilic addition (c) nucleophilic substitution with rear-

rangement (d) p- elimhation reactionl

\ rt. ! {. I 1. Explain the term hybridization. Why does carbon undergo hybridization ? Explain the different types

ti, lJ.J. of hybridizations carbon atom can undergo I

2. In terms of hybridization of carbon atom, discuss briefly the shapes of methane, ethane, ethene and

ethyne.

Discuss classification of hydrocarbons into various types and illustrate each class by taking two

examples.
Explain the follo$ring gMng examples :

(i) F\rnctionat group (ii) Homologous series and its characteristics.

What is mean by isomerism ? Discuss its various types giving at least one example in each case.

Deflne tautomerism. Discuss briefly keto-enol tautomerism in aldehydes and ketones. Also discuss

the conditions under which enol forn: predominates.
Give a brief account of the various types of electronic effects in a covalent molecule.

Define and explain the term resonance with suitable examples. Comment uPon the relative contribu-

tions of various resonance structures.

What is hyperconjugation effect ? How dies it differ from resonance effect. Briefly discuss the

signifi cance of hypermnjugation effect.

Hour are ftee radicals, carbocations and carbanions produced ? Discuss their retative stabilities.

Give an a@ount of common types of organic reactions with suitable examples-

(N.C.E.R.T)

(N.C.E.R.T)

3.

Scc. 14.5. 4,
to 14.E.

5.

6.

Scc.14.15. 7,
to 14.19.

E.

9.

10.

11.

+
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H -:CH2LN=N:

SINGLET CARBENE

t4lal

1. carb€nes. Nexrral divdlenl carhon specicr in which the carbon it bonded to two nonovalent atont or groupt
and also contailu two non-bonding electrout are called catbetc.These are gencralty produ ced either by pho"tolyiis
(irradiarion with uv lighr) or thermob.sis or pyroDsis (action ofheat) or rriazoatka-nix or retenes. Ttrus,

/,]*vl -
Diazomcthanc

hvotLo- ,Cl\

Mcthtlcnc

heotL
:CH2 + N2

Mcthy'cnc
(A catbcnc)

+:CO

Like carbocrtions, carbeDes are sbort-lived highly reactive chcmical spccies sinc€ the central carboD atom
has only six electrons in ils valence shell and thus has, a strong tendency to complete its octet by gaining two more
elecLtols. Carbenes, thru, behave as Lewis ocitls or electrophiles.

orbltsl structure- There are ts'o typcs of cattf,;rcs, ie-, singret and ttirrr. In siDgrct carbenes, the ceDlrar
carbon atom is ,rp2-hybridized. 'Ii{o of the sp2-hybridized orbitals form two ;-bonds with two monovalent atoms
or Sroups while the third rP2- hybridized orbital contains two non-bonding electrorls. Thc unhybridizcd p.orbital
is, ho\r,ever, empry (FiE. 14.10).Thtu, a singlat carbene hot a beru stulcnoi.

ON IN
TAL

tzEo

FIGURE 14.1O. Orbital structure of singlet and tdplet carbenes.
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ADOITIONAL U9EFUL INFORMATION COrl :]

In triplet carbcncs, tbe ccntral carbon is rp- hybridized ; rhe two sp-hybridized ; orbitals form two d-bonds
with two monovalent atoms or Sroups while the two u nhybridized p-orbitals are pcrpendicular to each otber and
mntain haA onc elcctron each. Thus, a nrp&t csbcrv h^e o liwor sfiicnm otdbchoves as a diradical (F'ig. 1a.17).
Fbrther, it may be rtoted afrat a EipLt-C5lttE,ne i8 always more stable than a singtet carbeoe.

2. Nltrcb€s. NaJtaI monot dlcnt nitoget species in $'hich nitrogen hos two unshored pairs of electrorLt
and is bonded to only ,o onc ntonowlcnt otom ot gtoup ore called trltreEe8. Tbese are usu;|ry produced by
tbermolysis of azides. For emmple,

4..
R-N: +:N=N:

Alkyl ritrcne

C. B.S.E.- P.lt;T. UTAIA,SI S PE C I A L

Common *ith I.l.'li

A,". H-ci-l-\g8/H.. \:/ -'.-11

I

,,04.<X
II

n,-3Y-\ .a-" 
- 

u-i=/:\--'n'^ Y+\-f"\11 ' -"_Y-\:l''..-H
III IV

(a) Utite the rcsonaDce structures of
diozoEethane (CII2Nr.

(b) Glve the hybridizcd stateofcarbon atrd each
N ln eoch slructure.
(c) Hov does the H-C-H bord angle in the
hybrid compore *ith the bond ongles predicted
Itom e.ch cortri butlng structure,

n*. r,l -,6!i f, , *.r, = fi = ni,-

R_N-N=N:- H R-N

Alkyl azidc

Give the IUPAC Dsrtre of the saturatcd
hydrocarbor haying thc following carbon
skeleton.

c-c-c-c-c-c-cttttc-c-c c c c
5-Ethyl-2, 3, 4-trimethyloctane

Givc the IUPAC names ofthe follorving
(i) (cH3)2C(CCI3)2

(i, csH5cH2cHo

czHs

I(ii, (c6H5)2C-CHOH-CH3

(iv) C6H5-CH2-C = CH

(,) ,............... cH- cHoI t[,,
(r) 1, l, l, 3, 3, 3-HeEchlorG.2, 2dimcthy'-
PTOFrc
(ri) zPhen letbrD-I-al

(iO 3, 3-Diphnylpctrtan-2,o1

(tv) 3.PheEylpmtr1-yno

(v) 2-CJdobuty'propan-1-al

Dras thc raonelct rbucturcc ol ttc lollowhg
crrtocruo[ ? Ulc curvcd aEoir to tho? horv
onc !fratulC ls conEntrd hao srotlcr.

u--o-l\-tlH- \:./ \

+
-NrN:

tl tp "p tpz sp sp2

III
t- + d-

i Ctl2 .,.: N =' N

tf tp tp
(Resonancc lEbrd)
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Q.s

(6) The hybrid state of carbon and each N is
shown in the structures 8b0e.
(c) The HCH angle in (I) is expected to be
109' - 28'while in (II), it is expected to be 120..
Sinc€ the hybrid is blend ofI and [I, rherefore, rhe
actual HCH angle has some iotermediatc value.

Explain why erch of the follof,inS are Eot
tqsorsnce forms :
(l) slnglct and trlplet methylene

+
(ii) H2N-O-H ond H2N = O-H
(i) Contributingstructures mu$ haye same num-
b€r of paired olectroDs. Since siDglet merhylene
has lwo paired electrolls while lriplet methylene
has two unpaired electroDs, therefore, they can-
not be regarded as resoDance fo[Ds.

(4 Hrr.i-ci-n 14*
I

In structure (II), N has 10 elcctroN, it cannot bc
regarded as a resona[ce structure ofI.

Q.6, With prcperjustillcqtior, rrrsDge thc follo*ing
in order of increasing Etability

CII3CHT-, CH = C-, CH2 = CH-.
tus. Io acctylide ion CH = C-, the carbol alom car-

rying thc -ve cbarge is rp-hybridized and has

50% s+hatuctet i in CH2 - CH- ion, the carbon

atom is rp2. hybridized and has 33.37o r{harac-
ter while in CH3CH2- ioD, the carbon atom besr-

iog rhe -ve charge is rp 3 -WbndiE.f/d arld hN2S%
J-charactet-

Since r€leckoos, on the average, arc clccr to tbe
oucleus than p+lectroDs, therefore, a carbon
atom with greater.r-charactcr catl a@ommodate
or stabilize lhe negative charge better tharl a
carbon atom with smaller J- character. In other
words, the s(ability of the carbanion increascs as
the f-character of the carbol atom cafiyitrg the
negative charge incre€scs. No since the r.cbar-
acter of ihe carbon decreases as we move Aom qp

to sp2 to.rp3-carbon, thereforc, tbe relative
stabilities of the ttrree carbadoDs folloc,s ihe se-

quence: CH = C- > CtI2 - CH- > CH3CII2-.

e.7. The csrbocrdon F3C+ ia ltrorc rt ble thsD car-
+-

b6stioD, f3C-Ca, &plslrl.
+

Ans. In c€se of carbocation, F3C-a < , thc strongly
electron-withdrawing F3C withdrauE clcctrotrs of
the C-C boDd towardg itself thcreby intcnsirying

the pcitivc chargeand rhus destabilizjng the car-
+

cation, F3c--c relativo to F3C+. On tho other

hand, in carbocatioD F3C+ lone pair ofelectrons
on erci of thc three F.atoms overlap with tbe
emptyp{rbital of the carboo atom carrying the
pcitive charge thercby dispersing the positive
charge alld thus stabilidDg the csrbocation,
F3C+ relative to F3C-C.

F<-

..+
H2N = ?-H

II
t

e.8. fd/bich ol thc followlDg cartocatlonc Is more
stsble altd why ?

(i) (cHr3C+ otrd (ll) (cDJ,C+
Arls, Both carbocations (r) and (n) are srabilized by

lryprcoojugatioo as sho!}rl bclow :

H+
/CH3H H_{= Ca

| -cHr
H
II
H

u* f =cicH'.-s-f -..-cH'L -cn: \cHr
,T H+ H erc.

DD+lr + -CDr z-CDlD-Eca HD c=cJ--.o, "i--.o,
vvJ

DD
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Due to stroDger C-D bond, coDtribution of
structures (V-VIII) towards stability of carhoca-

tioD, (cD3)3C+ is less than those of struotures

(I-ry) for carbocation, (cH3)3C+, therefore,

carbocation (i) is more stable than carbocatio{i
(ii) Th* efrect it also rometimer colled as P'tecon'
ddry isotone efrecl.

(.) " Give the IUPAC trame for the omlne.
(I.LT l99j)

cH3
I

cHr-!-9-CH2CH3
lt
cH3 c2ll5

Ans. 3, N, NjllimethylPeniaD-3-amine.

Q ll) D:s.uss the hybridization of carbon atoms ir
sllene (caHa) 6nd 6how the z-orbitsl overl8ps.

(I.LT 1999)

Ans, The structurc of allene (clH1) is

The carbon atoms 1 and 3 are .tP2- hybridized

sioce each one ofthem isjoined by a double bond.

In contrast, carbon atom 2 is JP-hybridized since

it has two double bonds. Thus, the two ,-bonds
in allcne like in ac€tylene are PerPendicular to
each other as shotrrn below :

whereas H. and Hd lie in the PlaDe of the paPer

while H, and Hb lie in a plane perPendicular to

the plane ofthe PaPer.

Q, I l. Wrlte resonEncc structures of the glven com'
pourd. (I.I.T 2003)

\c\y?.\-zrct12
OH

Ans. The following three resonance structures can be
written for the Eiven comPound.

'-'-l=3=3-'11,'/ --\H

1. Which of the following types of hybridization is

involvcd in the formatioD ofclcloalkales ?

4. The state of hybridization of the asterisked carbon

in CH3CH = C = CHz is :

<+-j-\--t*'

(b) tpz

(d) none of these.

:9H

(o) tP3

G) tPz

(b) sp

(d) tp3d2.
(a) sP

G) tP3

(c) qrclobexane (d) Benzene

3. which olthe followiri8 sho\4s position isomerism ?

(a) but8ne aDd isobutane

(b) cii-and ran - but-z-eoe

(c) chair and boat forms of cyclohexaDe

(d) 1,2-,1.3- and 1, ,1-dinethylbenzeDes.

Which one of th€ followiog comPounds has delo-

calizcd electrons ?

(4) MethaDe (6) Ethare

Whicll of the follos,ing are isomers ?

(a) Ethy' alcohol and dimethyl ether

(6) Metlryl atmhol and dimethyl ethcr

(c) Acetorc and ac€taldehyde

(d) Propionic acid 8rd ProPanone.
Which of thc follo iDE rePrescnts a homologous
serics ?

(4) ethane, ethylene, ethyDe

ANALTIPLE CHOICE IO,,A'
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(6) methaoe, methaDol, methanal

(c) nethane, ethane, propaoe

(d) 1-hcxene, 2-hexene, 3-hexene.

7. The IUPAC for the hydrocarbon
represented ry the Swastik sign is

(d) Neononane (b) ?traethylcarbon
(c) 2-Ethylpertane (d) 3, 3-Diethylpentane.
The membcrs of a homologous s€ries have

(a) Differeot geDeral formulae
(r) Different molecular weights

(c) DiffereDt methods of preparation

(d) Different c$emicsl propefties.

For tbe compou[d,
cH3-cHcl-cHct-cH2cH2cH2cH2cH2cl,
the correct set of loca[ts is

15. Out of the following,
nucleophiles is

(a) NH3, CN-, CH3OH

the one containiDg only

(6) ArCl3, BF3, NH3

(c) AICI3, NH2-, H2O (d) RNH2, : CX2, H-
The C-C bond lenrth in DroDcne is little shorter
(l .49 A) rhaD rhc cl-c tond tengrh (1.54 A) in
ethane. Thi.s is due to
(a) +I-effect of CH3 group

(6) Mesomeric effect (c) Electromeric cffcct
(d) Hyperconj ugation effect.

The Cl-C-Cl an$c iD I , I , 2, 2-tetraclloroethenc
and tetrachloromothanc will be aboul
(a) lzrand 109.5" (D) 9(r and 109.5'
(c) 109 . 5' and 9tr (d) 109 . 5" and 120"

o.1.7: t9881

The compouDd with an isopropyl group is
(a) 2, 1 3, 3 &rnnettrylpcDtane
(D) 2, 2.Dimcthylpentane

(c) 2, 2, 3, 'Itimethylpentane

(d) 2-Methylpentane. (l.l.T teue)
The number of isomers of C5H1a is :

(o) 4

(c) 6

(b) s
(d)1.

(a) QHz
(c) QHe

t 1.1.1: t989

Ho$, many acrclic
c4Hroo ?

(a) 7
(c) s

16.

t7.

10.

13. Which of the following species is a nucleophile ?

+
(a) NO2

(c) : CX,

14. Which of the
electrophiles ?

(n) HrO, SO., HrO+ (D) NH3 ; H2O, AtCt3

++
(c) AlCl3, SOr, No2 (d) H2o, CI, NH3

(b) 1,6,7,7
(d)2,3,8

(6) NH3

(d) so5

(D) : No,
(d).cH3

following series contains only

l,l l. 1.. \'. R. ..rlh haha.l I 9t) tt

The C-H bond distanc€ is longest in
(6) QHr
(4 qH2Br2

:.11 L.\'.R.,\ nlu t(t le9tt\

bomers are pGsible for

(b) 4
(d) 6.

( M. L. \'. R:. /tlla tmba I t t) e ) |

22. The IUPAC oame for
CH:
I

CH. -CH-CH--C-CH- is't 'l
OH OH

(o) I, l.Dimethyl-1-3-butaDediol
(b) 4-Merhyl-2, 4-peDtanediol

(c) z-Methyl-2, 4-penranediol

(d) l, 3, 3-'Itimethyl-1, 3-propanediol.
t;lLL.\'.R. rll lutb(ul lt)t)l

The common and IUPAC Dames for the group,
(CH3LCHCH2- respectively arc

(4) Isobutyl, 2-methylpropyl

(6) Isobut'1, l-methylpropyl
(c) rar-Butyl, 1, 1-dimenthylethyl
(d) rec.Butyl, 2-methylpropyl

The ruPAC for the compound

l--\-culcur;ri'
(a) 2-Cyclopentylpropane
(6) 1, 1-Dimcthyl-1-cyclopentylmethane

(c) (l.Metbylethyl)cyclop€ntane

(d) 1-Cyclopentylpropane

Which ofthe following species is an electrophile ?

(o) 1,1,17
(c) 1,6,7

(a) H2O

(c) qHsoH

7. d

11.

6,c
16. d

t.,
lE. d

9.c
19. b

13. , 14. c 15. a
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23. The most stable free radical among the following is

(4) C6H5CH2CH2 (b) C6H5CHCH3

(c) CHTCH, (d) cH3cHCH3
(o.,1 't:L. 1992)

24. which of the following has a bond formed by over'

lap ofrp - ry' hybrid orbitals ?

(a)cH3-c=c-H
(6) CH3-CH = CH-CH3

(c) CH2=CH-CH = CH2

(d) HC = CH. (M.I,.N.R. Alhlmhad 1ee3)

25. What is lhe decrcasiDg order of stability of the

ions ?

++
I. CH3-CH-CH3 II. CH3-CH-OCH3

+
IIL CH3-CH-COCH3

CH3CH; (IIl) ; C6H5cHt (IV) is

(a)I> II> III >IV (b)IV> III > II >I
(c)IV>I>II >III (d)I>II>W >III

(ltn^an (.1:.1:.1: lt)t)(t \

30. Thg number and type ofbonds between two carbon
atoms irl C-aq are :

(4) one siSma (o) and one pi (/r) bords

(b) one signra (o) aDd two Pi (,r) bonds

(c) one sigma (o) and oDe and a half pi (z) bonds

(d) one sigma (o) bond (I.l.T le96)

t I l.l: l9t).t )

26. Thc maximum number of carbon atoms arralged
linearly in the molecule,

CH, - C = C-CH = CH2 is

(4) s

(") 3

U.S.,u Dlnnbad 1991)

Whici of the following molecular formulae b€longs

to the alk,ne serics ?

The crlindrical sbapc ofan alkyne is due to

(a) threc sigma carbonqrbon boDds

(D) thrcc r-carbon-carbon bonds

(c) two sigma carbon€rbon and one ,{arbon-
c€rbon bond

(d) one siSma c€rbon€rbon arld ti]o ,,-carbon-
carbon boods (c.B.s.E. I!,ll.l: 19971

Numbcr of isomers of C{He- is

(b) 3

(d) None of these.

tA.l.:,ll,L:. 19971

IUPAC Dame ofthe compound

CHI-CH-CH2-CHOH-CH3 is

I
cH2cH3

(a)4-Methyl-3-hexanol (D)Heptanol
(c) 4-Methyl-2-hemnol (d) None of these.

t'f li11.( l ee'
The IUPAC Dame of the comPound having the

cHr
I

formula CH3 - C - CH = CHzis
I

CHr

(a) 3, 3, 3jltiEethylpropeoe
(D) 1, 1, 1-'Iiimethyl-2-pentene

(c) 3, 3-Dimethyl-1-buteoe

(d) 2, 2-Dimethyl-3-butcoe.

l1 lT l').\'i: l.l.l 1l\ l')r-
The enolic form ofacetone conmins :

(a) 9 sigma bonds, I pi bond and two lone Pairs

(b) 8 sigma bonds,2 pi bonds and two lone pairs

(c) 10 sigma bonds, I pi bond and one lonc pair

(d) 9 sigma bonds,2 pi bonG and one loDe Pair
tl l'[ lt)t)o: 1.l l \l \ it)tt7

(c)I>II>III
(c)III>I>II

(a) QI]tt
(") QHro

(D)II>III>I
(d)II>I>III

(o) 2
(c) 4

Iu. . 29. h

(b) 4

(d)2.

29"

(D)qoH22

(d) cr6 H32.

(L'.. B.S. L. l!il.T. I 991 )

The structure of 4-methyl-2-penten-1-ol is
(a) CHTCHTCH = CHCH2OH

(b) (cH3)2c = CHCH2CHzOH

(c) (cH3)2CHCH = CHCH:OH

(d) cH3cHoH - CH = C(CH:)z

(('lt.s ll l:1t l: It)elt

The ordcr of decrcasing stability of the carbanions

is:

(cH3)3c- (I) ; (cH3)2cH- 0D ;

24. a 25..1
34. c 35. a

d30. , 32. c

l'r t,l c c y's Neut Co urse Chem i strg @

34.

35.

26. b 27, c
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The IUPAC name of
cH, - c = c-cH _ ctlr _ c = ('IIis'ttl

cr cH3 qHs

(.r) 6-Chloro*4€thyl-5-methylhept-5-en-1-yno

(b) 6-Chloro-4-ethyl-5-methylhept-l -)'D-5-ene

(c) 2-Chloro-4€thyl-3-methylhep-2€n5-yne
(d) 2-Chloro-4-ethyl-3-methylhepS-yn-2-ene.

' 1l I:( 1. t: !t)1)\

Tbe correct IUPAC nanre of the compound with
nrolecular fornrula, (CH3)t C - CHt is

(4) Penrane (D) l, 1, ljltimethylethaDe
(c) 2, 2-Dimethylpropane

(d) Neopentane. tHa^aM ('.L 1,1. lt)!/\
The IUPAC flame for the formula

CH: Htt
CH3-C = C-COOII

(a) 2-Methyl-2-butenoic acid

(b) 3-Methyl-3-buteooic acid

(c) 3-Methyl-2-butenoic acjd

(l) 2.Methyl-3-butenoic acid. \l'b ltit l: tt)t)\i
The IUPAC name of thc compound having the
formula, CIjCCH2CHO is

(d) 3, 3, 3-'ftichloropropaDal

(6) l, l, 'l-Trichloropropanal

(c) 2, 2, 2illichloropropanal
(d) Chloral. t.rl.P ltrLl: t')t),\)

Which of the follo\ ng is correct regarding the

-kffect of tbe substitueDts ?

(a) -NR, < -OR < -F
(r) 

-NR2 
> -OR < -F

(c) -Nnz < -OR > -F
(d) -N& > -OR > -F t(,R \.1 p.\t t. trt).\t
Which of the following is an electrophile ?

(E) NH:

(d)qH5NH2

(l.lt.s. R.H.u. 1993)

42. Which of the followiog carbon atoms is likely lo
possess tetrabedral geometry ?

4321
HzC = CH-CH2-COOH

Bord leotth of ethaDe (l), ethene (II), acetylene
(III) aDd benzene (Iv) folloq/s the order
(a)I > II > III > IV (6)I > II > IV > III
(c)I > IV > II > UI (d)III > IV > II > I

((.P,1!.1: t999)
'I1le compounds CH3--O-qH7 aDd

C2H5--O--CrH, exhibi

(a) optical isomcrism (D) cir-rraar isomerism

(c) metamerism (d) chain isomerism

I l:il ( l9e9 )

The IUPAC Dame of tbe followmg compound
CH3-CH = C-CH2-CH3 is

I
cH2-cH2-cH3

(4)3-Ethyl-2-hexene (6)3.Propyl-2-hexene

(c) 3-hopyl-3-hsxeoe (d) 4-Ethyl-4-hexene.

t(.1'.11.l: l9et) t

In lhe compound,
CH, = c11-611r-CHr-C = CH, the cz-q
bond is of the type.

(a) ry-sp2
(c) tp-sp3

(b) tpt -sp!
(A tp2-rf (LLT Isss)

(6) 3
(d) 5 ]LL PM.'.r: 20oo)

47. The rumber of pGsible alkynes with molecular
Iormuh qHB is

(a)2
(c) 4

Thc IUPAC name of
s crl!
ltcHr_c_c-cHiis-tt-

qHs cH3
(4) 2-Butyl-2-methyl-2-€thylbutaDe

(b) 2-Ethyl-3, 3dimethylheptane
(c) 3, 4, 4-liimetbylheptane

(d) 3, 4, 4-ltimcthyloctane.

tR.tl.U. I993, Ktnu ka L.I:.'l:2t)t)0)
49. The IUPAC name of

QcoNu@ is

(a) N-g/clohexylbcnzamide
(b ) N-Phcnyl-N-cyclohqylmethanamidc
(c) N-PhenylcycloheEDccarboramide
(d) N-c).cloh€xyl-N-pbenylmethanamide.

\l).L'.[t.2000)

(a) H2O

(c) AICI3

(o) I
(") 3

(b)2
(d)4 (C'.1!v. r leee)

3t. c 39, a
4A. d 49. c

36. a
46, d

37. c
47. b

Q.a 4l.c 4Lb 43. c U.c 4S.a

7

.l
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50. IUPAC name ofacratdehyde is

(a) Prop-2-en-l-at (D) PropeDyt atdehyde

(c) But-2-€D-l-al (d) propenal.

( II. I: t:lt,t..t: 2 0at t

51. The IUPAC name of CH3CH - CHCOOCTH, is

(a) Ethyl but-l-enoate (b) Ethyl but-2-eDoate
(c) Ethyl prop-2-eDoare (d) None of these.

tIIaOun C.E.E.T 2000)
52. The IUPAC name of

$.=o i,

(4) Clclohcxanooe (D) Clclohsryl mothanore
(c) Oxycyclohexene

(d)CycloherylidenemethanoDe. (D.C.D. 2000)
53. The mo6t stable carbanion among the followillg is

57. lv.]!ch of the tollowing compound has wrong
IUPAC name ?

(a) CH3-CH2-CH2-COO-CH2CH3
ethylbutanoate

(6) CH3-CH-CH2_CHO
I 3-mcthvlbulanal
CH:

(c) CH3-CH-CH-CH3 2-melhyt-3-bulanol
tloH cHl

(d) cHr-cH-c-crr,_cH,-l [ '
CH3 o 2-methyl-3-penlanonc

'\!! t i ttr
-: CH2-C-CH1 and CH, = C- 6|l, ur.-llt

o: : o:-
(a) Resooating structurescH2-cHt.,d (b)

( D.L.l:. )0t)0)
Anloog the following alkenes : l-butene (I), cis-2-
butene (II), trans-2-buteDe (III), the decreasiDg
order of stability is

(a)UI>II>I (b)III>I>tI
(c)I>U>IU (d) II>t>III.

!( ll \ t:. \rn)i
The compould which contains all the four 1., 2.,3',
4'carbon atoms is

(a) 2, 3-Dimethylpenrane
(b) 3-Chloro-2, 3-dimerhylpenrane

(c) 2, 3, 4jltimethylpenrane
(d) 3, 3-Dimethylpentane 1l) ('.F.. 2t00i
IUPAC Dame of 4-isopropylrt -xytene is

(a) 1-Isopropyl-a 4dimetbylbeDzere
(b) 4-Isopropyl#-rylene
(c) 1 Jsopropyl-3, s-dirDethylbenzene

(d) 4-Isopropyl-3, 5-dimethylbezene.
t) I !.1I l: )t)/))

(D) Tbutomers

(d) Optical isomeB
(c) G€ometrical isomers

tc.ll.!;.|i. ltit 1: )1)0) j

Thc arrangenrenr of (CH3)3C-, (cIl3)2CH-,
CH3CHz-- when attachcd to benzeDe or un-
saturatcd group in increasing order oI induchve
eftbct is

(a) (cH3)3C- < (CH3)2CH- < CH3CHz-
(b) cH3cH2- < (cH3)2cH_ < (cr{3)3c_
(c) (cH3)2cH- < (cH3)3c- < cH3cIIz-
(d) (cH3)3C-- < cHlCH2- < (CH3)2CU-

The reaction,

Hzo
(cH3)3C-Br 

- 

(cH3)lC-Ot{ is

(a) eliminatior reaction

(6) substitution reacrion

(c) free radical reaction
(d) addition reaction.

CH.l'
61. The IUPAC nanre of I l] 

',\-"2

(a) 3-nrethylcyclohexene

(6) I -nethylcyclohex-2-ene

(c) 6-ntethylcyclohexene

(.1) I -ntelhylcyclohex-5-cne

6'

54.

50. c 51.,
60. b 61.

52..1 53. d 54. 5t. a 59. a
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63.

The IUPAC nanrc of CH3COCH(CHI)2 is

(a) 3-methyl-2-bu tanone

(b) Isoprolryl methyl ketone

(c) 2-mcthyl-3-butanone

(d) 4-metbyl isopropyl ketone \ t It Ii L )ttt).t t

Which of the following is a dehydrohalogenation
reaction ?

(a) qHscl + aq. KoH *
CH'=611'+KCl + H2O

(r) BrCHz-CH2Br + Zn-
CH, = Cg. * 7"t'

(c) CHTCOOH + CHrOH *
CH3COOCH3 + H2O

(d) Botb (a) and (b) .11r./ \/\ thrttn)tttitl
Which of the following compounds possesses the
C-H bond with the lowest bond dissociation ener-

ry?
(D) Benzene

(4 a 2-DlEretlrylpropane

tA.IJ.trI.S. 2003.)

The general formula Cn H2, 02 could be for open

chain

(a) dialdehydes (b) diketones

(c) carborylic acids (d) diols
' \ LL L.L )0t1)

Name of the compound Siven below is

(a) 4€thyl-3-methyloctane

(b) 3-methyl-4-€thyloctane

(c) 2, 3-diethylheptane

(d) 5 -et hyl-6-methyloctane

t( ll.\ L P\l.T 20t)tt
Which of thc follo,ving represents the given mode

of hybridiza tion lf -d-rp-sp from left lo riSht ?

(a)HrC=CH-C=N (b)HC=C-C=CH

(c)Hzc=c=c=cH, r, n**1,^,',,,0,

(r5. r 66. a 67 o

6t, Which of tbe following is the most stable cation ?

69.

10.

(a) FrC-CHr+

(c) CHr+

(a) 1, l-dimethyt-3-cyclohexanol

(D) 1,' 1-dimethyl-3-hydrorycylohexaDe

(D) (cH3)2CH+

(d) cF3+

tl&KL'.!, l )ttt)J)

A molecule of urea can show

(d) Chain rsomerism (b) Positron isomerisnl

(c) Geometrical isome rism

(d) Optical isomerism

(c) lbutomerism
The IUPAC oame of the compound

r-\
Ha'\4 is

(a) TtlueDe
(c) 4-Pentatle

71,

(c) 3, 3dimethyl-1 -cyclohexanol

(d) 3, 3-dimethyl-1 -hydroxJcyclohexane

IUPAC name of
CII, = C11-611 ,6nrCHr)C = CH, is

I

Br
(d) 4-bromo-3-ethyl-1, 4-pentadiene

(b) 2'bromo-3+thyl-1, 4-pentadiene

(c) 2-bromo-3-ethyl-1, 5-peDtadiene

(d) none of these

The IUPAC name of CH3CH2C(80 = CHCI is

(a) 4-Chloro-3-bromobutene-3

(D) 2-BroDro-1-chlorobutane

(c) 2-Bromo-l-chloroebutene- I
(d) 2-Bromo-2.ethyl-3-chloropropene

The IUPAC Dame of the following comPound

(a) Propionicanhydride

(r) Dipropanoic aDhydride

(c) Ethoxypropanoicacid
(d) Propanoic anhydride

Thutomerisrh is not exhibited by

tn\o I !o 161 1/ \-CH=NOH\:,/ ' ' \-/

/3S
6E. a 69, e 7O. c

73,

61.

14.

62. a
72, c

63. a
73, .l

64. a 71. b
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(4o <]o
U&KC.E.T2OO4\

(d) AII the c€rbon atoms are ,rp-hybridized.

(e) 'lhe molecule is bent with the -C-C-C-angle being 120'

7g lde il'/ lhe coiec, statemeut fiom below conc€rn.
ing the structure of CH2 = C = CH2

(a) The molec,ule is planar
(D) One ot the three carbon atoms is in an ,/-

bybridizcd statc
(c) The molca'ulc is oon-plaDar wilh the two CH2

Sroups being in planar perpendicular to each
olher

H I NT5,/EXPLANATIO N 5 IO

76. Orbital interaction between the sigma boDds of a
subslituent group and lhe neighbouring pi-orbital
is kno$n as

(a) hypercoDjugation

(b) inductive effect
(c) steric effect
(d) dipole-dipole interacrioN
(e) electric quadnuple interactions

Aittlh ll l. !: )/)ttJl

(fierola 8.E.E.2004)

MulAiple Choice Q.ueeLione
4.

17.

,rp ; the asterisked c€rbon forrfl6 two ,-bonds and
henc€ il is rp-hybridized.
The CICCI in iekachlorcthcne is 12ff \.rtile in
CCl4 it is I09"-28'.
As the size of the hybrid orbital of carbon formin8

C-H boDd decreases in the order ,ry' , tt , 
"p,therefore, C-H bond disiarc€ dedeas€s iD the

samc order, In CaH6, the orbital of carbon formiDg

C-H bond is sy' and hqrce C-H bond distance
h the loogest.
Seven out ofwhich four are alcohols :

(i) cH3cH2cHzcH2oH, (r0 (cH3hcHcH2oH,

(iir) CH3CH2CHOHCH3,

(ie) (cHJ)3COH and three are ethers,

(v) CHTCHTOCHTCHT,

(vi) CHTOCHTCHTCH, and

(vir) CHTOCH(CHr)r.
Only carbon atoms rnarked as 1,2, 3 and 4lie along
a lin€ wbile the fifth oDe is inclined lo this liDc at
angle of 120' as shown :

123456
CFIz = CH-CHz-CHr-C = CH. Thus, the

q-q bond is of th e gpe sp2 -rp3.

47. Three. These are CHTCrITCHTC = CH,

(CH3)2CH - C = CHand CH3CHTC = CCHr.

64. More stable the free radlcal formed upon
homolytic fissiofl of C-H bond, lesser is the bood
dissociation energr. Since the stability of the radi-
cals formed from toluene, benzene, z- pentane, 2,
2dimethylpropaDe follovrs the order :

c6HjtH2 > (cH3)36 > cH36HcH2cI{2cH3

' 6oHr,

therefore, the C-H bond of toluene has the lo\yest
bond dhsociatioo energy.

"o2 
ao2 * -rfrc=CH-C=tl

Carbocatiods are stabilircd by +I+ffect of CHJ
grouF6 and destablized by 

-I€ffectof F atoms.
+

Therefore, (CHrlCH is tbe most stable cirboca-
tion.

74. Essential condition for tautomerisnt io the
presence of an a-hydrogen on a saturated carbon
attached to C = O, NO, NO2 etc. or should have a

H{tom prqseDt oo a heteroatom (O, N, S etc.)
altached to a double bond. Thus, option (a) does
not have a a-hydrogen oo a saturate! carbon and
heDce do€s oot arhibit tautomerism.

20.

26. 67.

6t.

.H1231/'
, \\s

120' \'ctl2

46. Whetr botJr double and irlple bonds are present iD
a molcculc and if there is a cboicc, tbe numbering
is alwq6 dolle from that end which is nearer to lhe
doublc botrd, ie,

74, a 75. c 76. d
A'"',.'w"s,W E R,',,5
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ADDITIONAL UESTTONS

Aes erai on-Re a s o n Ty pe @.u eeli on s
The following questtons coDsist of trro stat€ments, printed os Ass€rtlon oEd Reoson. Whlle ott$v.rlng ihese
questlohs, you arl tequired to choce sny one ofthe followiEs fout n6ponses.

(d) If both Assertion and Rcason are ruc ond the R.asor ls tbc correct cxplsnstiotr ol thc Assertlon.

(D) Il boih Aseertton atrd RG{soE arl truc but reasoo is not a clrrect explansdoD of thc 'Als.rtloDt,
(c) If Asscrtion is true but Resson ls fols..

(d) lf Assdtlotr ls false but RGasoD is truc.

(e) It both Assrrtlotr and Reason arc folsc.

Regson
The general formula for bicycloalka[es is CrHzr.

P6ition isomeN har€ same molecular formula but
differ in the pGition of the funetioDal 8roup.
All the carboD atoms in but-2€ne are f-hybridized.
All carboD atoms in alkanes are rp-hybridized.

6.1.1.M.5. 1ee4
The term tautomerism was introduced by t-aar io
explain the chcDical rcactMty of a substance accord-
iDg to two pGsible sructurcs. UJ.I.M-S. 1999)
All the carboo atoms arc liDked to cach othcr by a
double bond.

Butane is a skaight chain alkane while 2-methyl-
butane b a brancbed chain alkane.

True/False ?talemenle

1.

1

4.

C{tl6 rcprcsents a bicycloalkane.

But-l-eoc and ,methylproPl-cne are PGitiorl
isomers.
All the carbon atorns of but-2€oe lie iD one Plane,

Altsnca baviog more tlED three carbon atoms ctdribit
ciairi homcrism.
Mctamers can also be chain or Position isorEers.

In CH2 - c = CH2 a[ the €rbon atorrs arc sf-
tI/bridizcd.
Butanc and 2-mdrybuhoc arc bomologucs.1.

3.

Which of the following statemetrts are true and 5.
which are false ? Rewritc the false statements mr- 6.
rectly.

2,2-Dimethylbutane and 2-methylbutane are chain 7.
isoDers of hcxane. t.
AcltylcDe is a tetratledral molecule.

ID benzenc, @rbon us€s all the threcp-orbitals for 9,
hybridization. (I.I.T leEn
The mcmbers ofa homologous scries caD be rep- rc.
rescnted ry a general formula.

Fill In The Alanko
An atom or a group of atoms pres€Dt in a molecule
which largcty determines its chemical propcrties is
called the..................... 8roup.
The consecutive members ofa bomolo8ous series
ditfer by a ..... group.

The IUPAC name of succinic acid is....(rJ.L994
In methane, carbon erhibits .... hybridizatioo and
the four hybrid orbitals are inclined at aDgle of....

Propanoic acid and methyl ethanoatc are isomers.

Inductive effect invokes displacemeDt of o-
electrons.

Electromeric eficct is a permsncDt cffect.

Simple carbanions are isoelcclronic and is6iruc.
tural with ammonia.

Free radicals are produc€d by heterolyic fission of
cot?leDt bonds.

Carbocatioos arc planar species.

5. Chain isomerism arises due to different arrange-
mcflts of the....

Resonancc coers/ is a messure of cxtra stability
conferred on the molecule due to .... ofelectrons.

Lewis structures which diffcr in the position ofelec-
trons and not in thc position of atoms are called ..-.

Thc real structure of benzene is a ...-.-. of two ......
structures.

4.

3.

4.
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9. The thrce isomers ofrylene are c€lled ..., ..., and ....
10, Carbon-carboD bond le[gth in benzcne is....which

is inrermcdiate between carbon-carbon single bond
length of.... and carbon{arbon double bond length
of....

13. Hypercoojugation involves......conjugation white
resonance involves......and......conjugat ion.

14. Clanide has.....effect while mclhyl -!roup has.... ef_
fect.

The products obtaioed by homolytic Iission of
covalent bood are c€|led...... .

Hete rolysis of beDzylchloride produc€s.,...and...... .

Eleciromeric effect is a......effect in which..,,..of
electrons takes placE from ooe atom to the other

1l' CHTCHT+ is......srabtc than CH3+ white CHJCHz-

is......stabfe rhar cH3- . 16'

12. BF3 is ar......whilc NH3 is a...... . 
l7'

joined by a......bond.

M atchi n S Ty p e Q.u e eti o n s
Match entries in Column Iwith those in Column Ii
Column I
1. Homologues
2. Isomers

Column lI
(a) Be%ene
(b) Sncla

4. Hypcrconjugation

5. Electrophile

6. CarbanioD

7. Frec radicals

(d) Homo[.sis

(e) Methanol and ethanol
(,r) Butane and isoburane

G) Pyramidal
3. d-Hybridizarion (c) d-rr conjugatioD.

ANSWEI?S
AS SERTION.R EASON TYPE OUESTIONS

r.(c) 2. (d) 1. (c) r. (c) s.(D) 6. (d) 7.(b).
TRUUFALSE STATEMENTS

l. Ihls€, 2, 2-Dimethylbutane and 2, 3dimethylbutane are chain i.somers. 2. Fhlse, acatylene is a linear
moleclle. 3. False, in benzene carbon uses only two of the threep-orbitals for hybridiration. 4. 'Itue
5. Tlue 6. Ttue 7. False, temporary effect E. '[tue 9. Fatse, homoryric tissioo 10. Tiue.
FILL IN THE BLANKS

l. Functional 2. CH2 3. Burane-1, 4-dioic actd 4. sf ,109.-U, S. Carbon chain 6, delocalizatiou
7. canonical or resonating structures t. resonance hybrid, kekule g. o-, m- aDd piimcthylbeDzeDes
lO. 139 pm,154 pm,134 pm 71. more, tess tZ. etectrophite, nucteophile 13. oio, o-, aid n_,
14, 

-I-effecl, + I€ffect 15. free radicals 16, benzyl carbocation, chloride ion 17, temporary, complete
transfer, multiple.

MATCHING TYPE OUESTIOTJS

t.-(e), 2.-4, 3.-(a), a.-(c), s.-(6), 6.--G), i.-(d).

Fl I N T5 / E X P LA N ATI O N I t o As s e rti o n - R e a g o r.t Ty p e e.u e st_i o n s
1. Coftect reason : -fhp general formula for

biqcloalkanes is qH2,_2.

3, Cotect reavn : Only the 0arbon ato s of thc
double bond in but-z-ene are ,rp2-hybriLlizecl.

4, Correct reoson ; Tbere are more than one way in
which more lhan these csrbon atoms can be coh-
nected.

5. Conect uplanatior..Due ro different riumber of
carbon atoms and their arrangement on either sidc

ofthe funcfional group, metamers can also be chaiD
isomers or position isontcrs,

6. Correct attetion- ln CH2 = C = CH2, cenrral carb-
on atom isrp-hybridized while the rermiDalonesare
rp2.hybridizcd.

Correct reayon, Ttre c€nFal calbot atom is linked
to two o-bonds and two n-bonds.

7. Conect q,lanaior. They differ by a CH? group.


