
Classitication ot hydrocarbons,
NorEnclature, cor orrnalions

alkanes and cycloalkanes.

cyclohexane), 3D structures and 2D proiections (3";h;;";;"jii;;";;
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alkanes, cycloalkanes (ethane, propane, butane and

3:1""Tijll^:,p^::"":l^..T1_"t1y.,,:l-g=,*r,i:.,t isor|erism in atkenes, srabitiry of atkenes,
:i":::::ffi:n:,0:,:1t':ry:jl:l,,tnricirpro.perries,crre",r;;i,;;"i;;;Lfftj'IJffiffi?
:P^",u..tI]tt"_:lt!on, reacrions.in rrr."nei, rvi"rrownik;;,;;;;;;;J;;i:'ltiffiffi;il:;

1 5.2. Classif icirtion ol Hydrocarbons :,irri,::;.,i:,:::i:::;:.ri.i:,r

go ftg b,(;s of structure, hydrocarbons ca-o
be broadly divided into the following trro q,pes :

of alkynes, polyrnerization reactions.
Dienes--concepr o, derocarization o, ereclrons, addrtion reactrons rn drenes (r,2 and 1,4-addhron).

and its hornologoues, IsometisrE nomenclalurc, sourcea o,petroleum), alruclure ol benzene, resonance. delocalization-
1tary idea. Chemical reactions ol benzene_ ,,*"h;;L;-;;
Dlrective intluence ot substituenis and ttreiietecion iactivi{r,
r toxicity.

Petroleum and petrochemicars- cortPosirion o, crude oir, tractronarron, uses or drfl!rci fractrons,quatiiy of gasotine, Lpc, cNG, Cracking and ,"rrrrinj iJ.inliii"r".

I . Agrclic or open chain trydrocafions

2. Qclic or closed chain hydmcafions

(i) Alkanes, (ti) Alkenes and (ur) Ag,res

_ This classification is primarily based upon the
type of the carbon-carbon boads-present in their
molecules. For exarplc,

, .An alkane has onty carbon<atton single
bondr. For example,

15ll
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cH3 - cH3 cH3 - CH2 - CH3

Ethane ProPane

cH3-cH2-cH2-cH3
Butane

An alkene has one carbon-cafion double
bond.For example,

CH, = 611, CH2 - CH = CH,
Ethcnc ProPene

CH3-CH=CH-CH3
But-2-cne

(fot n rly 2-bnt ae)

An allryne /rar one carbonlatbon niple bond.
For example,

(irl) Cycloalkynes. Unsaturuted aliqElic
hydmcahons which contoin one carbon-carbon
liple bond are called cycloalkynes. For example,
cyclopentyne, cycloheryne, cycloheptyne, cyclooc-
tyne, cyclononyne etc. However, cycloPentyne and
cycloho<yne are highly strained arrd unstable,
cyclooctyne is strained but somewhat stable while
cyclononl,re and higher cycloalkynes are un-
strained aod hence are quite stable.

(b) Aromatic hydrocarbons - Arenes.
Hydrocaftons qnd theb aW, alkenyl and allqnyl
deivotives which contain one ot moru benzene ings
eiher fused or isolated in their molecules are called
aromatic hydrocirbons. They are also called
arcnes (aromatic alkenes). Further, since these
compounds resemblebenzene in almost all of their
properties, they are also called benzenold com'
pounds. For example,

cH2cH3

Ethylbenzcne

O
BcnzcDe

o
Clclohexeoe

CH=CH
Ethyne

CH3-C=CH
Propync

CH3-C=C-CH,
But-2-Ync

(f@rnoly 2-but r,c)
2. C)rcllc or closed chaiu hydrocarbons. These

compounds contain closed chains or rings of carb-
on atoms in their molecules. Thcy are further
divided into the following two clases :

(a) Ali cyc lic hy boc art on s

(b) Amm atic lrydroc aft ons

catesories ?- (i) cycloolkanes (ii) qcloalkenes ar^d

(iii) cycloallqnes
(i) Cycloalkanes' Ssturuted alicyclic

the cotbon atoms are
t bonds orc called

aes. Unsaturuted alicYclic
contain one catbon-carbon

d cYcbalkmes. For examPle,

cHr
I

(>
Tolucnc

Arenes may also contain two or more isolatedE
Cllobutane

o
Cyclohe)6ne

or fused rings. For example,

The above classification of hydrocarbons is
summarized in Fig. 15.1.Cyclobutene
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(AIkanes)

PARI' I

ALKANF,S AN D CYCLOALKANFS

No. ofcarbofl caom6 :-ofmull
I
2

3

4

5

6

10

1l

12

cHo

9He
QHs
clHro
csHrz

ceHrr

croHrz

cnH:,,r

ctzHzt

MethaDc

Ethane

Prcpane

Butane

Pentane

Hexane

DecaDe

Undecanc

bori6*ne

153.1. Nomenclaturr of Alkanes
In the IUPAC s)6tem,lhey are called olkaaes.

Their general formula is CnHr* 2wherc n = 1,2,
3, .... etc. The nomenclature of alkanes has already
been discussed in unit 14. However, fo. prrpor. o?
recapulation, the IUPAC names ofsome al[anes is
given below :

Saturated
(Cycloalkar.s)

Cycloalkenes Cycloa ll(ynes

l3

l4
2n

30

Ct3Il28 
[ 

'ftidecaDe

C,oHro I Tbtradeiane

9oHez I Eicsane

QoHoz I Ttiacontane

5-1. Asign IUpAC name to the

o (H3qp $) (Hrq2ccg2c(cH
IC/, (x.c.B.n.r)

CH,
t21 3

(f) cH3_c_cH3
I

CH,
2, 2-Dimcthylpropane

CH, CH]
41 32ll

. 01) CH3_C_cH2_c_cHl
r sl IcH3_cHz cH,
2, 2, 4, 4 -T.trumcthrthexanc

( i ) 3 - Ethyl-2- methylpentan e
(ii) 3, 4, &TiimethyWcane. (N.C.E.R.T,)

AI es

12345
(r) cH3 - cH - cH _ cH2 _ cH3

II
cH3 qH5

3 - E(hIt- 2-mcthytpenrane

Solution.

FIGURE 15.1. Ctassilication of hydrocarbons.

IUPAC name
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10985-?4321
(r,) aHrcH2-cH -(cH2)3-cH -cH-cH2cH3"'l-ll

cH: cH3 cH3
3, 4, 8-Trimethyldccanc

153r. Structurc of Alkanes

H

Thrte-Dlmenslonal (3D) Representatlon of

Organlc Molcules

below the plone ol the PaPer.

Such a representation which conqletely

descibes rhe actu'al positions of vaious atonts oI a

iolecule in space is called 4 spattal formula or

thrce tlimensional i.e., 3 D'structure'

be discussed in Sec. 155.

Sometimes in the planar rcPresentation 
. 
of

rnot"*I"., the carbon aiom at the centre is in-

cluded a-< shown below :

H
I

H-C-H
I

H

o
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HHH
ltlH--C-C-C_Httt
HHH

pmpane

_Sometimes, condensed formulae, instead ol
graphic formulae, are aLso used. For example,

CH3_CH3 cH3_CH2_cH3
Ethanc propaDe

Space Fi irrg Modet

Molectllar Modcls
Molecular
molecules. ibr a better visualizatioo and

rbreerr?es qb::f#r":,ff1#i{:rffi

Framework Vodel Ball and Stick l\4odet

In framervork modcrs' the atoms themseives are Do! sbo$n but onry the bonds mnnecting the atoms or a

ffW:;;Ztm rhir tvpe ol modct b uted 
""ty 

, 
'iay u"-fi,"h'oit?* i, o .ot 

"uh 
whilz ignoring

ln the bo'-aud stick Eoder both the atoms and boDds are sbo*n. wherea.s balr represe't the atoms but sticks

ffi;: lll*J!}',i,Jtrtura..d 
comPouDds co,t irios d =-c,ia'ij'= 

-Cfoos 
arc ueu"r repr€sentcd using

In space li'ing moders, bonds are oot shos'D but emphash is laid oD the rerative size of eacl, atom dcpeldiDg
X:X;: * ** 'rad,t!.r. ln orher words, tr,o" fiJo.--ofrii"ioirir" o""up,"o by each atom iD the

1533. Methods of preparatlon ofAlkanes
I:p1r16"T.Py Iaboratory merhods of prepara-
ji:l ^t:T" 

of the laboratory merhods of prepara_
uon ot al[aDes are discussed below :

Ufutom Unsaturated Hydrocarbons. Ifte
to an unsaturoted
colalyst is called



+

,8ta
Alkenes and alkYnes add one and two

molecules of hy&ogen iespectively, in presence of

, catalvst .r"h ," ioo"y nickel, platinum or pal-

tirdiurn to Iorm atkanos.
Ransy Ni

r .-RCLI=CHR, + H,Z RCHz-CTIzR,
" Alk.n" or Pl orPd Altaoc

Rancy Ni
\ RC=CR'+2H2 

- 
' RCHz-CFIzR'

( \ Alkync or Pi or Pd

(where R and R' may be H ot same or difrerunt

atlql grouPs)- 
witi otatioulo. palladium and Ranef nickel

hydrogenation proceeds smoothly aad quantita-

tivelv 
-at ordiniry temperatures aud pressures'

ionJ"u"t, with o;dinary nickel relatively higher

i"ip"tutut". (ca. 5B-i73 K) are often required

Thi hy&ogenation ol unsdturuteil hydrocafions

usig iran"a,y nxkel i a tmtperaaue of about 52i-'itl' 
r * iommonty lTort' 4s 

-S'!glErr--!E'l
Sendern's reaction or rtducdon' Thus,

6-'CH2=CHzi Hz

Blhcne
(lrDLnc)

), cH=cH + 2H2
Etht'nc

(AcctYlarc)

Drycthcr
e.g, CHTCH, - Br + Mg 

-r CHrCrlMgBr
Bthylmagncsium

bromide

Since carbon is more electronegative

etc. to form alkanes. For exanrple,

b"C CH3CH2MgBT +H2o -""'
Dhy'masnrsrum 

cH3cH3 + Mg(oH)Br
Elharc

Bmnroelhane
(Ethyl bromid.)

^O cnrlvlgl
U Mcthyt-

,nagncslum
iodidc

+ CH3OH """'-"'r
Mcihsrol

cH4 + Mg(ocH3)l
Mcthanc

2NaX
This hydrogenation reaction is used i-n the

-anufu"tu." o{ Vanospai Ghee from edible

vegetablc oils.

Sli l'rom Atkyl hatldes. Alkyl halides can be

.nnJ.-rr.d into alianes by any one of the following

nrethods:

Drv clher
Ms > R-Mg-X

- Gtiglard tt"g"nt

e.g, cH3-i 
- ;i !-z-1r3-i--tii-]- 

cu,

Bfomomelhane
(Mctb'l brcnid()

Drv erher"':::; CH3-CH3 * 2NaBr

Ethanc

cH3cH2 j-i'+- tN; + I-i- curcH,
lodoethane

(Etlryl ioditu)
pryethel 

CHTCII2 _CHrCH, + 2Nal

Butanc

lhe
alk

- Dry€thcr
R-i X + 2Na +Xi-R 

-

f - - - - - - - - --- - - - - - - - J

Alkyl halidc R-R +
Alkanc

R-x +
Allfl halide

s l.rving nickcl

in thc fincly dividcd statc'

e r a a e e p's'''fll'@.,.t,nii; i,
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CH3-I + 2Na + I - CH2CH3

Drycther
cH3 _ cH2cH3 + zNaI

Propane

Dry ctle.
CH3-I + 2Na + I .- CHJ

cHr_CH, + ZNaI
Ethane

CH3CH2-I + 2Na + I - CH2CH3

Dryether
CH3CH2 - CHTCH. + 2Nal

Brtane

. The boiling points of these alkanes are very
close.and 

-h€nce they qrnnot be separated by frac'-
tioaaldistillation. It isbecause ofthis drawbaik that

Mechanism. Tko different mechanisms have
been suggested for the Wurtz reaction.

(o\ Through intennediate Iormqtion oI on ot-
ganometallic compound

R-X + 2Na ---+ R-Na+ + NaX
A Vt sodium

z'-l\a+ A"
R- Nar + R -1 Xo- ---+ R_R + NaX

Alkane
(r)

radicals
Thrcugh intetmediate formation of free

R-X * Na ------+ R + Nu* X-
. Frce radical

2 R """' R-R
Alkane

to form alkyllithium which is then allowed to react
with.cuprous.iodide to leld lirhium dialkyl copper.
Lithium dialkyl coppir thus obtaiued on'iub_
sequent treatment with a suitable alkyl halide gives
the desircd alkane.

Drv cth€rR.X + zLi ----:..-------- R-Li + LiX
rirl,y halidc Afl(y'lilhium

zR-Li + CuI -.. RzCuLi + 2LiI
Lithiun diatkyt_

coPPcr

R2CuLi + R'-X- R-R, + RCu + LiX
Alkanc Alkyl coppcr

(where. R and R' may be same or different alkyl
groups)

_ Dryether
e.r. CHr-(H,-Br+:Li 

-' 
.

l,Lhii;r(,nride

cHr_cHr_Li + LiBr
'2CH3- Cl I , .- Li * Cul --.r

Erhyltrrhium (CH, - CHr)rCuLi + Lil
Lithium diethylcoppcr

(cH3 - cH2),cuLi+ cH3cH2 - cH2 - ar'o "tn"
,r-Propylbrcmide

CH3CH.CH,CH2CH, + CHTCHTCu + LiBr

Iodomcthanc
(Mahyl iodidr)

Iodocthane
(Ethyl iodidc)

,/-Pentane EthylcoDDer

\.$ Reduction by dissolving metals such ar Zn
and CHTCOOH or HC!, Zn snd NIOH or Zn _ Cu
couple ond ulccthol.

Zn/HCtR_X -...............* R-H + HX
Allryl halide

e.g, CHTCHT-CH Br-CH3 !/H1
I - Bron)oburane

cHrcHr_ CHTCH, + HBr
Butane

, The rcduction occurs by tronsler of clectronsr
and not by ascent hydrogen as oiginauy believed.

. !b).Reduction by chemical rcagents such os
LiAlHr NoBHn and phrSn4.

/'-----\ nH- + RlX ......+ R_H + X-(FromLiAlH) Atkylhalidc Atkanc

.(j) z^ + Z?+ + u- (r) R-x+ e
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,,I-:. Ho"t'H.'fflf :'r; m#'il[i;* cH3co oN a + N aoH

the other hand,
alides but not 1'

SnH) reduces all

the three types of alkYl halides.

lYcrtolyti" hydrogenolysk implies cleavage

of a sigrna bond with H, in presence ol a catalyst'

The best catalvst is Pd - C but Raney Ni has also

becn effective provided it is used in large excess'

Pd-c
CHTCHT-Br 1Hz...... CHr-CH, + HBr

Bromocthanc Btha,rc

423WftdP
cH3cH2-I + HI '-""--"" CH3-CH3 + 12

Iodocthane Bthane

(Ehyl ioAda')

The purpose of red phosphorus is to remove

rt e iodinJ li6erated iu the reaction, otherwise it
tnouia i"o"t 

",itn 
the alkane to give back the alkyl

iodide.
2P + 31" """'-+ /ll,

CaO, 630 K

CHa + NazCO3

Methanc

Similarly, CH3CH2COOH + 2NaOH
ProPanoic acid
(hoPionic acid)

CH3-CH3+Na2CO3+HrO
Ethanc

NaOH alone could have been used in the

above reaction but soda- lime is preferred because

of the following ttwo reasons :

(i) CaO Permits the reaction to be carried out

at a relatively higher temPeratue to ensure com-

downward disPlacement of water.

\O When a cdn'

centr ium or Potas-
sium electrolYsed,

an alkane is produced as shown below :

ElcclrctYsis
2 RCOONa * 2H2O +

R-R + 2NaOH + ll'2 + 2CO2
\ Alkarc

e.g., 2 CH3COONa +
Sod. cthanoate

cH3 - cH3
Ethane

ElcctrolYsis
2H2O-

+ 2NaOH + I{z+ 2CO2

CaO

630 K

acids.
acids

Alkanes can be
by the following

R-COONa+H2O
CaO, 630 K

R-COONa + NaOH
R-H + Na2CO3
Alkane

e.g., CH3COOH + NaOH_-'

t)T:l:l'ii cH3cooNa + H2o
Sod acetat€

Ner4 Course Chem isttg

SODIUM ACETATE.-t"ri o:o ( r."tecule of co, is lost and

an alka-ne with ooe carbon atom less than

the carboxYlic acid is formed'

R-COOH +NaOH 

-Carboxylic acid

FIGURE 15.3. Laboratory preparation of metlrane'
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This reaction is believed to occur through the
following steps :

Ionization
2 CH, COONa ---------------- 2 CH3COO- * 2Na+

Iotrizotion
2H2O (^ ZO}l- + 2H+

At anode : 2 CH3COO- - 2c- 

-[2 CH3COO] -""+ CH, -CH3 + 2CO,
(uisloble) Ethane

2H+ *2e-- [2Hl ............ Hz

Kolbe's reaction laid the foundation for the
development of organo-electrochemistry.

Limitation. Like Wurtz raction, this is also
used to prepare only alkaaes with even number of
carbon atoms and not alkanes with odd number of
carbon atoms.

Mecbanlsm. Kolbe's reaction occurs by free
radical mechanism as shown below :

oo
11 .. il

CH3-C-9 '- '-". CH3-C-O: * e-
Acetatc ion Acctatc frEe radical

o
.li
CH, + C=O
Methyl

free radical
.._ CHr-CH,

Ethane

laiJ 4, Ry the actlon of water on beryllium and- aluminium carblde. Both these carbides on treat-
ment with water methane.

B%C + 4 H2O---....) CHo + 2Be(OH),
Beryllium Meurane
carbide

ALC: + LZII}O ------* 3 CHr + 4 AI(OH)3
Alumirium

caftidc

153.5. Physical Propertles of Alkanes
The physical properties of alkanes such as

boiling point, melting point, density aad solubi.lity
depend upon the in tennolecular Iorces of attaction .

Since alkanes are almost non-polar molecules,
therefore, these intermolecular forces of attraction

are ofvan derWaals rypewhich mainly depend upon
the shape and hence the structure of the molecule.
The magnitude of these forces of attraction
depend upon the surface area of contact between
adjacent molecules. Greater the surface area,
stronger are the van der Waal's forces ofattraction.
In the light of these arguments, let us now discuss
the variation in physical properties of alkanes.

'1. Boiling points. A-BoDgst the straight chain
alkanes, the first four members (C, -Cn) are ga^ses,

the next thirteen are liquid.s (C, - C,r) arrd the higher
members (C,. onwards) are colourless wary solids.

The boiling points of straight chain alkanes
increase lairly regularly with increase in their
molecular mass. On the average, the boiling point
generally increases by 20 - 30K for the addition of
each carbon atom or a CH2 group to the chain. The
difference in boiling points is, however, greater for
tle lower homologues than for the higher
homologues.

This regular iacrease in the boiling points of
straight chain alkanes with increase in the carbon
content (Fig. 15.4) is due to a corresponding in-
creose it the moleculqt size and hence the su(ace

NUMBER OF CABBON ATOMS PER MOLECULE

FIGURE 15.4, Increase tn the boiling points of
n-alkanes with the lncrease in lhe numEi ol carbon

atoms per molecule of the homologors serias.

Amongst isomeric alka\es, th e brsnche d c h ain
isonrcr has invaiably the lower boiling point than the
corresponding n-alkane. This is due to the reason
that with branching the shape ofthe molecule tends

It, the surfoce
Due to le,rser

surface area ol these molecuks, lhe van tler Wa.als

Aem

l.*
g
Pacr
z

3r.
zJ
6 2Oo
ID

I roo
80
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forces o[ uttraclion operulin{ between

their molecules become compoatively
peakrr and hence lesser amount ol cner-
gy is required to overcome them. As a

result, l,fue boiling points of brunclted
chain isomers are lower lhan those of the
corre s p ondhtg n- a ikanes.

CH3CH2CH2CH2CH3 orlW,\
n-Pcntanc (robranching)

(b.p = 3ogK,mp. =143 3K)

CH,.
I

cH3- cH- cH2cH3
lsopentanc (one hrunch)

(b.P. = Xt Y"tnP. = 113 1 K)

CH:
I

cH3- c- cH3
I

CH:
Ncopentane (rwo 6,'anclret)

(b.p. - 2a25K,mP : 256 4 K)

Further, it-has been observed that
greater the branching, lower is the boiling point of
the branched isomer. For example, the boiling

2. Melting points. Like boiling points, the

melting points of alkanes also increase with in-

crease in carbon content but the variation is not
resull-(ralr r,]).:... .. ... .

1'AllLl,l 15.1. Nlelting poirrts ofsome n-alkanes

Alktne QHs C+Hro CsHrz C6Ul4

n.p. (Y) 85.3 134 6 141'3 178 5

tne gHrr CsHta CcHzo CroHzu

(K) "rr;2.4 216 2 222 243 3

When the melting points of n-alkanes are

nlotted asainst the number oIcarbonatoms Present
in them, isawtooth pattern (Fig. 15.5.) is obtained

From Fig. 15.4, it is clear that alkanes with
even number of carbon atoms have higher melting
points than
atoms. This
nstion efrec

The metting point of a substance depends not

only upon the siie and shape of the molecules but

FIGIJRE 15.5. lncrease in the melting points of n-alkanes
with the increase in the number of carbon atoms per

molecttlc of lhe homologous series

also upon how closely the nrolecules are packed in
the crystal lattice. But due to rp3-hybridization in
alkanes, any two bonds of a carbon atom make an
angle of 109128' with one auother. As a result, in
n-alkanes, the carbon atoms are alranged in a ig-
zag chain r athet th'anita s

ly written. Therefore, in
even number of carbon

sides of the zig-
ase ofn-alkanes

H}:iX,H;
zig-zag chain as shown below :

.,(\6.\di'"'
n-Hexanc

(Even unbet of carhon ato,r1't, higher meking Point)

CH. -CH"
.'t \ --- \cHr -cH, -CH.l

(Odd ttltmbd ol cotbon aloms, lowet dehhtg Point)

Thus, it is clear thatn-alkanes with even num-
ber of carbon atoms are more symmetrical than

., )v
1 13 15 17 19

NUMBER OF CAPBON ATOMS PER MOLECULE ---->

c
F
z.
6t!
z
E
u,

=
I
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on atoms tban those having odd oumber of carbon
atoms. Therefore, n4lkones with even nunber of
carbon atoms have much higher meltint points tha,t
the nert lower n-alkane nith odd numbet of carbon
aloms. Ft example, n-butaoe with four (cven)
number of carbon atoms melts at 138 K while
propane with three (odd) number ofcarbon atoms
melts at 85.3 IC Similarly, n- hexane melts at 178.5
K while the next lowcr alkano, i.e., n-pentare melts
ar 143.3 K.

It may be noted that such an alternation effect
is not observed in boiling points since in the liquid
state, the conformations of the molecules are not
fxed but keep on changing as a result of collisions.

3. Solubility. 'Lr'te drssolves like' is the generul
rule o{ solubiliE In the light of thts nle, alkane
which are predominunlbt non-polat arc insoluble in
polqr solyents such as wate4 alcohol elc. but are
highly soluble in non-polu soh,enls su.ch as
petroleum elhe,; benzene, corbon tetrachloide etc,

4. Density. The densities of alkaaes increase
with increase in the molecular masses till the limit-
ingvalue ofabout 0.8 g cm-3 is reached. This means
lhat sll alkqnes are lighter than i)ater.

153.6, Chemlcal Reactions of Alkanes

The reactivities of various hydrocarbons are
directly related to theh structures. We have already
discussed in Unit 14 that alkanes are saturated
hydrocarbons. These contain only C - Cand C- H,
a-bonds. Since these bonds are quite strong,
alka es ore the lesst reartive of all lhe hydrocarbons.
It is because of this relatiye ineiness lhat alkanes arc
also called paralfins (Latin : parum = lttlle, aIfinis
= affiaity or reactivity).

Some important chemical reactions ofalkanes
are discussed below :

1. Substltution reactions

The order of reactivity of different halogens
in these reactions is :

Fr>Clr>Brr>1,

!(?) Chlorination. Duriag chlorination of
nethane, all the four hydrogen atoms are replac€d
one by one to form a mixture of products. For
example,

he oc
cH4 + cl2 cH3cl + HCI

Mcthanc 520-670 K 661o-n 
"16"n"(Mcthyl chlond.)

h, ot
CH3CI + Ct ----.----, CH2CI2 +HCl

chloromethane 520-6T0KDichloronrethan.
(Me rylene chloide)

hv or
cH2cl2 + clz -..-.-..._ cHCl3 +HCl
Dichloro- 520 - 610K Tri.llloronethane
methane (Chlotofonn)

h? or
CHCI3 + Cl2 

--"-'* 
CCl4 +HCl

Trichlorc- 5N - 6mK Tctrachloromcthane
melhanc (Carbon lctrachloride)

{*) Brominaion. Bromine reacts with alkanes
in a similar manner but less readily.

ht
+ Brz

520-610 K

CH3-CH2 - Br + HBr
Brcmorthanc

vf/) Iodination. The reaction of iodine with
alkanes Ls reversible because the hydrogen iodide
formed as a by-product is a moderate reducing
agent and hence reduces the iodoalkaoe back to
alkane.

cH4 + 12 s_: CH5_l + III
Iodomelhane

(Methyt lodid")

Thus, direct iodination of alkanes cannot be
brought about. However, the iodination can be
carried out in presence ofan oxidising agetrt such
as iodic acid (HIOr), nitric and (HNOr) or mer-
curic oxide (HgO) which converts HI to I, as it is
formed:

5HI + HIO3 '--------+ 3I2 + 3H2O

2HNO3 + zHl -------- 2H2O + 2NO2 + Iz

HgO + 2HI 

-' 
HgI2 + H2O

cH3 - cH3
Ethane
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tion of alkanes can be carried out by diluting
or argon.
veniently

suitable
such as

AsFr, SbFr, Agf, Hg2F2 etc. For exaEPle,

i:,::l;::ii::iir:ii:r:l:,ir::1r,j1rli:.*:l:+if:iiti:li;iii:ilr:i::i::irrli:iiiliiir:+iiliii:ii.lil;:t:1:rilJ:ririi:ii

Ar)E)

2CH3CH2-CI + Hg2F' 
-Chloroctianc 2CH3CH2-F + Hgzct

Fluorocthane

This reaction is called Swarts reaction.

Even monohalogenation of higher alkanes (propane and hiShcr members) gives a mixture ofall the Pcsible
isomeric haloalkanes. For emmPle,

a.,hv
CH3-CH2-CH3 + CH3-CI!-CH2-CI + .H3-CHCI-CH3

Propanc 2% K 1-ChlotoProPanc (45%) 2-C'trloropropanc (557o)

The relative amounts of lheso isomeric haloalkanes, however, depends uPon

(i) Mture of halogcn (Cl2 or Br2) and

(r'i) number and tyPe of hydrogcns (1', 2. or 3') beirg substitutcd.

ID general, the ease ofsubstitutio[ ofvarious hydrogens follom the sequenco :

3" > 2" > l" but thcir relatirE raEs vary with the nature of Che halogen. For s)amplewith Cl2, thc rclativc mte

ofsubstitution of3n,2oand lo hydrogens at 298 K is 5 : 3 8: l whilewith Br2, il is 1600:82:1al400K

Mechanlsm of halogetratlon. Halogenation of
alkanes occurs by a free mdical mechanism. Each
free radical reaction consists of three steps :

Let us illutrate the mechanism of halogena-
tion J afianes Uy considering the chlorinati-on of a large number of CHnoolecules into CHrCl. Such

methane.
(a) Chaln initiatton. When a mixture of CHo

and Cl, is heated to 520-670 K in dark or is sub-

jected to UV light at room temperature, Cl, ab-

sorbs enerry and undergoes homolytic fission
producing chlorine ftee radicals.

520- 670 K or UV light
Cl-Cl - ' zcl

Homolrtic fissiolt Chlorinc frEc radical

(D) Chain propagatlon. Each propagation
sten consists of two reactions. In the first reaction,
the' 'Cl anacks the CHo molecule and abstracts a

hydrogen atom forming 'CH, and a molecule of

HCI as shown in reaction (i). ln the second reac-

tion, 'CH, thus produced reacts further with a

molecule of C! forming a molecule of methyl

chloride and alother ' Cl as shown ia reaction (ii)'
The newlv formed Cl reacts with another molecule

of CH. (ieaction (i)) to produce another molecule

of HCI and another CH3. This CH3 can again

repeat reaction (ii) and so on. Thus, the sequence

reactions are called chain r€actlons.
HH
I z1,n I(i)H-C1H i Cl + H-C + HCI" lU chtorine 

I

H frec radical H

H
Mctbyt lrcc radicsl

H

ria n-l.4xwr---- n- J-cr * 
"crll

HH
MclhYl chloridc

When suffrcieat anount of methyl chloride
has been formed , the 'Cl produced in reaction (r'i)
has a greater chance of colliding with a molecule of
CHrCI rather than a molecule of CHo. If such a

collision occurs, a new free radical ('CH2CI) is

produced (reaction (irl)) which may subsequently
ieact wirlr C! producing a motecule of CH 2Cl2$eac.
tion (rv)) ad another 'Cl. This process continues till
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all the hydrogen atoms of methaae are replaced by
halogen atoms (reactions (v), (n), (rat) arrd (v*))

(r,r) CH3CI + 'Cl '-) CH2CI + HCI

(iv) 'CH2CI + Cl2 """+ CHrCt + Cl

(v) CHrCl, + 'Cl """'' 'CHCt + HCI

(vi) 'CHCI, + Ct ""'+ CHCI3 + ' Cl

(ui) CHCI, + 'Cl ' 'CCl3 + HCI

(vril) 'CCl, + CL "'--- CCl4 + 'Cl
(c) Chaln t€rmlnatlon. The chain reactions

discu-ssed above may come to a halt if two of the
same or different free radicals combine amongst
themselves without producing new free radicaLs.
Some ofthe possible chain termination steps are :

.Cl + 'Cl -----+ Cl-Cl
' CH3 + ' CH3 "'-' CH, - CH,

^ 
'CHz+ 'Cl -. CH3-CI

,1 ) M(itratlon , The process oI rcplacement of a
-hydmgen atom by a nito (- NOr) group is called

nihation. N ordinary temperatures, alkanes do
react ri,ith HNOr. However, when a mixture of an

alkane and fuming HNO, vapours are heated at

4?3473K runder pr esstr e (v ap ou r ph as e n i trati o n),
alkanes undergo nitration giving a mixture of
nitroalkanes resulting through cleavage of carbon-
carbon bonds. For example,

CH3-H + HNo3 """'| CH3-No2 + Hzo
Methane (Rt",n O Nittomcthane

(low yicld)

FumingHNO3
cH3 - cH3

Erhane 613K

cH!cH2-NO2 + CH3-NO2
Ntroclhonc(8070) Nitromcthanc(2070)

Funring
ttNo3

cH3cH2cI{2NO2
r - Nitropropatrc (25%)

Noz

I

cH3 -cH2-cH3
Propanc '

+ cH3-cH-cH3
2-Nitroprcpane (4070)

+ cH3cH2 - NO2
Nitroethanc (107o)

cH3-NOz
Nitromethane (257r)

Other oxidation products

(COr, NOr, HrO etc.)

The order ofreactivity of different hydrogens
in this reaction is : 3" > T > 1".

Mechanlsm. The reaction occurs by the fol-
lowtngfree radical mechanism :

423-673 K
uo + No,HO -NO2

Ilornolyti. fission

R-H + OH -.---' R. + ItO
R'+'NO2 I R-NOz

Nitroalkanc

dfZlfiairylloortior.. Subst'tution oI a hydmgen
atom of ot alkane by sulphonic acid gtoup
(- SO JD is ca ed sulphonotion. lt ts cartied out by
heating aa alkane with fuming sulphuric acid
(H2SO4 + SOr) at 675- 725 K. Branched chain

andhig$er notmal alkanes (coataining six or more
carbon atoms) undergo sulphonation to give
alkanesulphonic acids. The ease of substitution isy>T>1'.

sor
cH3(cHr4cH3 + H2SO4 

---r,f_Hcxane 675 K

cH3(cHr)lcH2 -so3H + ll2o
,l - Hcronc6ulphonic acid

cH.l

I so,
CH3-C-H * H2SO4 """"'+

| 67s K
CH:

2-Methytpropanc CHr
I

cH3-c-sorH + H2o
I

cHr
2-Mcthylpropane-2-6ulphonic acid

Mcchanlsm. Ule nitration, sulphonation also
ocanrsby a frce- mdical mechottism,

67rK
HO-SO3H HO + SO3H

. Homolytic f!66ion

R-H+OH ---+ R*HzO
R.+.SO3H 

- 
R-SO3H

Allonl8ulphonic acid

C/ L) [. trdtrdon. Some importanr oddation
reactions of alkanes are as follows :

(a) Complete oddrflon or combustlon. Otr
heating alkanes readily burn in air or orygen
producing CO, and tI.O. This process is called
combustion.
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)b, CH4 + 2O2 """- COz + 2llro ;

A"H" = - 890 kJ mol-i
2 CH3-CH3 + 7 Oz 

- 
4 CO2 + 6 H2O i

A"H" -- - 1555 kJ mol-r

Since the process of combustion is accom-
panied byliberation oflarge amount ofheat, there-
fore, alkanes which are the constituents of LPC,
gasoline, kerosene oil, and diesel are widely used as

fuels.

(b) Ircomplete combustion. (i) If the combus-
tion of alkanes is carried out in limited supply ofair
or oxygen, CO is produced along with unburnt
carbon in the form of carbon black or soot.

:-, CH4+3C)2 ....- 2CO+4HrO
i llimitetr)

CH4+ Oz ---'--' C+HzO
(li he[) Cartlon black

Carbon black is used in the preparation of
black inks, paints, polishes etc.

(ii) Reaction witll sleam. Methane reacts with
stcam at 1273 K in presence of nickel as catalyst
for nring C() and Hr.

r2?3 K Ni
[-,.'t t'tlo + Hzo .----------..... CO + 3 H2

This method is used forindustrial preparation
of rlihydrogen.

(c) Catalytic oxldation. Different products
alc formed under different conditions.

rfp hen a mixture ofmethane and oxygen (9
: 1 by volume) at a pressure of 100 atm. is passed
through a copper tube at 573 K, methanol is
formed.

100 atm.573 K
,a' 2CH4 + 02 + 2CH3OH

Merhane Cu lube Mcthanol

{p Wt cn a mixlure of methane and oxygen
runder pressure is passed over heated molybdenum
oxirlr.. it is oxidised to methanal.

Mo,O,
p( ctlo + oz 4 HCH9 + H2o

Mclhanc A. Ptssurc M.lhenal

y!i) Higher alkanes on oidotion in presmce of
.rilver bide give carborylic acids.

agro

', r' .lR - CH" + 3 O. 
-' 

2 RCOOH + 2 H2OLJ 
Alkane 

' a czrt'oT lic acid 
-

Sh g"r"r^1, oxidising agents such as
KN{nOo, IlCrrO, etc. have no effect on alkanes.

Hot,rver, alkanes containing a tertiary hydrogen
r:ar r:r oxidised to the corresponding alcohols.

cHr
I a*.

CH:
I

CH3-C-H + [Ol -----------' CH3-C-OH
I KMno.a

cHr
Isobutane

I

CH:
lcn-Buty' alcohol

rt V Isomerization. When n-alkanes are
heated with anhydrous aluminium chloride and
hydrogen chloride at 573 K under a pressure of
about 35 atmospheres, they are converted into
branched chain alkanes. For example,

Alcl3/HCl
(D cH3-cH2-cH2-cH3

,-Butane 573 K

CH,
It''u;f,L;t''

Atc\/Hcl
(rr) CH:-(CHz)r-CH: ....'..--..-.-........-

x-Hexane a

CH

cH3-cH-cHzcH2cH3
2-Melhylpcntane

CH,
I

+ cH3cHz - cH - cH2cH3
3-Methylpentane

The process ofisomerization has been ofgreat
utility for increasing lhe octune number of a par-
ticular petroleum fraction.

UlAromatization. Alkanes containing six or
more carbon atoms when heated to about ?73 K
under 10-20 atm. pressure in the presence of a

catalyst consisting of oxides of chromium,
vanadium and molybdenum supported over
alumina, get converted into aromatic hydrocar-
bons. Thu process which involves qtclizalion,
isomeizqtion ond deltydrogettalioa is called
aromatization. For example,

t'r.rh'r:rl,'s Neul Course Chem isttgftft[)
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Under similar conditions heptane gives toluene
and octane gives mifure of a, m - andp-xylenes.

153.7. Uses ofAlkanes
(i) Methane in form ofnatura-l gas is used for

running scooters, cans, buses etc. L.PG. (mixture of
butane and isobutane) is used as a fuel in homes as
well as in industry.

(ii) Methane is used to make canbon black
which is used in the manufacture of printing ink,
paints and automobile tyres.

( ) Catalytic oxidation of alkirne,s gives al-
cohols, aldehydes and carborylic acids.

(iv) Higher alkanes in form of gasoline,
kerosene oil, diesel, lubricating oils and paraffin
wax are widely used.

(r) Methane is used for the manufacture
halogen contaidng compounds such as
CH2Ct, CHCI3, CCla etc. are used as solvents both

in laboratory and industry.-
15..1.Siereoisomerism,..,..,,,,,,,,,.,,,.,J,,,,

Isomers which have lhe same structural for-
mula but have different relative arrangement of
atoms or groups in space are called stereoisomers
(Greek: stereo = space, meros = part) and the
phenomenon * colled stcreoisomerism,

Since each different spatial arrargement of
atoms which characterises a particular
stereoisomer is called configuration, therefore,
stereoisotners have the sattrc molecular structurc but
differcnt confgumtions.

Stereoisomerism is of the following three
types :

(i) Conformationa I is omeism
(ii) Opticol isomeism and
(iii) G eom eoical i s omerk nt-

Let us now discuss conformational isomerism
in alkanes.

1 5.5. Conlormailons ol Alkanes :i;,rril,lr,t..t,r::!tlriri.ri:l,+.Eiltit

It has already been stated in Unit 5 that a

sigrna (or single covalent) bond betrveen two carb-
on atoms'ls formed by overlap of sp3-hybrid orbitals
ofeach carbon alongtheir internuclear axis. There-
fore, the electron distribution within the molecular
orbital (MO) thus formed is cylin dically symmetri-
col along the internuclear axis as shown in Fig. 15.6.

Due to this cylindrical symmetry of o-MO's, rota-
lion about cdrbon-cafion sinfu bond is ahnost free
(as it requires very little energy for rotatiou). As a

resu.lt of this almost free rotation, the molecules of
an alkane can have different shapes, i.e., different
relative arrangements of their atoms in space.

ln ethane (CH3 - CH3) molecule, the two

carbon atoms are connected by a o-bond. If one of
the methyl groups in ethane molecule is kept fixed
and tho other is rotated about the C-C bond a

Iarge number of momentary arrangemetrts of the
hydrogen atoms on one carbon atom with respect
to the hydrogen atoms on the other carbon atom in
spac€ are obtained. These infinite trumber of
momentary arrangements of atorrs in space repre-
sent conformations of ethane. In all these confor-
mations, the basic structure ofethane molecule and
various bond angles and bond lengths remain the
sirme .

Out of the infinite number of possible confor-
mations of ethane, only two extreme conforna-
tions, i.e., staggered and eclipsed are important. All
other conformations lying in bctween these two
conformatioas known as gouche or skert cnl.fotma-
tions.

,,,CHZ
CHz CH3 crzoi, v2oi, Mozoy'AlzoJ

CH- CH" ?7:r K t0- 20 arm
.\. .,. ' Cyclialion
\ cHrl 

'(-H,

Ip-"-Ttr=] O
Benzene

FTGURE 15.6. A cvlindricallv symmetric MO (of a
single bond) obtained by overlapping of sp3-hybrid

orbitals o{ two carhon atoms
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Ilryo-dimensional or 2 D-rrpresentatlon of
Conformations. We have already discussed that
three-dimensional structures can be represented
on a two-dimensioml Q.e. 2 D) surface with the
help ofFischer Projections. One serious drawback
of these projection formulae is thdt they represent
tlrc molecule in the unfavourable eciiyt,,':d confonrn-
,ion. However, while discussing the reactions of a

molecule, it is usually desirable to depict the
molecule in its actual staggered form rathcr than in
the hypothetical eclipsed form as shown in the
Fischer projection. Therefore to overcome this dif-
ficulty, the conformations of a molecule are usually
represented by the following two methods :

(i) Sawhorse Formulae. This is a simple
method of representing three dimensional for-
mulae on paper. The molecule is viewed slightly
from above and fromthe right and projected on the
paper. The bond between the two carbon atoms is

drawn diagonally and is slightly elongated for
clarity. The lowcr left hand carbon is considered to
be towards the front and the upper right hand
carbon towards the back. The Sawhorse repre-
sentation for staggered and eclipsed conformations
of ethane are shown in Fig. 15.7.

HH

extensions. The Newmanprojections for staggered,
eclipsed and skew conformations of ethane are
shown in Fig. 15.8.

Relatlve stabillty of Staggereil and Ecllps€d
conformations of Ethane. In staggered conforma-
tion, each ofthe hydrogen atoms on the front carb-
on lies exactly in beween each of the hydrogen
atoms on the back carbon. In other words, in this
conformation, any two hydrogen atoms on adjacent
carbon atoms (non-bonded hydrogens) are as far
apart^as possible (internuclear H to H distance =
3. I A or 310 pm). As a result, the repulsions be-
tween the electron clouds of a-bonds of two non-
bonded hydrogen atoms is minimum. On the other
hand, in eclipsed conformation, each of the
hydrogen atoms on the back carbon lies exactly
behind each of the hydrogen atoms on the frotrt
carbon. In other words, the nqn-bonded hydrogen
atoms are quite close (2'294 t 229 pm). As a

result, the electron clouds of the a-bonds of two
non-bonded hydrogen atoms repel each other. This
raises the energyofthe eclipsed conformation rela-
tive to staggered conformation. Thus, the staggered
conformation of ethane should be more stable than
the eclipsed conformation. Experimentally, it has
been found to be so. The staggered conformation
ofethane is about 12.55 kJ mol-l more stable than
the eclipsed conformation.

The variation of energy of the conformations
ofethane with rotation about the C- C single bond
is shown in Fig. 15.9.

STAGGEREO E CLIPS ED

STAGGERED ECLIPSED

FIGURE 15.7. Sawhorse representation for
Staggered and Ecllpsed conlormatlons of ethane.

(ii) Nervman ProJectlon Formulae. Newman
devised a simple and highly useful method of
repesenting three dimensional formulae on paper,
After his name, these ars called Newman ProJec'
tions. These projection formulae are olrtained by

viewing the molecule alongthebondjoining the two
carbon atoms. The carbon atom near the e5c is
represented by a ms or
groups attached to (120')

iadii. The carbou eYe is

designated by a circle and the three atoms or
groups attached to itby three equally spaced radial

SKEW

STAGGERED

I
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I
o(!
uJz
L!

trz
Lll
Fot!

Eclipsed

- 

ANGLE OF ROTATION ------.-----_}

FIGURE 15.9, Variation of energy during rotation about
C-C single bond in ethane molecuje.

deiation fiom stagcred conforma-
tion intoduces totsionol strain into
the molecule. 7'lttts, thc hr.rtuhilitl.ol
eclipsed conlomarion ol etlwtte rela-
tiw to stogercd co\formation i.s due
ro toNional strain 4nd the enerbt bat-
der between the stqgen'd und eclipsed
conformotiow oI ethone ir cqlled the
torslonal enerw

3. Non-bonded int€ractions.
The atoms (ot groups) prcsent on ad-
jacent catbon atoms are called aoo.
bonded atoms (or groups) ar,d the
interactions between lhem are called
non.bonded lnteractlons. These in-
teracti6ns may be either attractive or
repulsive. These are generaUy of the
following two types :

12.55

a\

1N ,EO

Staggered

300240

The energy difference of 12.55 kJ mol-t be-
twe_en the staggered and eclipsed conformations is,
in fact, the enerXy barder to rotation about the
C-C single bond in ethane. However, this enetgt
banier is not lotge enough to prevent rontion. Evin
at room temperature, the collisions of the
molecules supply
come this energ5r
tions arc reqdily it,

1552. Factors allectlng stability of confor.
mations

The rclative stability of different conforma_
tions o[ a molecule depend upon the following
three factors :

l. Angle stroin 2. Tbnional stain 3. Non_
bonded intemctions.

bond angles are only 60". Hetce, gtclopmpane
molecule hos considerable angle struin.'

angle strain.

OH

Ant
contormatlon

H

Gauche contormation is
stabilized by H.bonding
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Gauche conformation of ethylene glycol is

stabilized by H'bonding but there are no such at-

tractive inieractioos in the anti-conformation'
Therefore,gauche conformation ol etlrylme glycol is

more stable lhan the anti-confomolion-

15.53. Conforuatlons of ProPane

replactd by a methyl group as shown below :

HH
ll

CH1- 2C- lC-H-tl
HH

If one of these carbon atoms (say Q) is lxed

and the other is rotated around the C1 - Q bond

through an angle of 36ff' an infinite nurnber of
confoimations arc theoretically possible. Out of

these only two ations, ie', stag'

gered and ecliP T heir Newmann

pojections ar9 0.

Even then this ener5/ bamier to rotation
about C- C bond is so small that it cannot prevent

rotation. As a resulq dle two conformations are

readily interconveftible and lhus il is not Possible to
separate these two conformations '

Just like in ethane, the two conformations of
propane can be interconverted by rotation tlrough
an angle of 6O'.

15.5.4. Conformations of n-Butane

In order to examine the conformations of n-
erivative of ethane in
of each carbon is

Thus butane is con-
shown below :

HH
r I lc
cH3- 2c- 3c-cH3

tl
HH

Thus, each of the two c€ntral carbon atoms

(C, and C.) itr n-butane is liaked to one mcthyl

qroup and two hydrogen atoms. If now one of these

Lrbon atoms (say Q or Cr) is fixed and the other

is rotated around the c€ntral (q - Q) bond

throush an aorle of 350', an infinite number of
confoimatioos 

-are theoretically possible. Out of
these, only six conformations are important. Their
Neumra.nn projections are given in Fig' 15.11"

In conformatioa (I), the mcthyl group and the

two hydrogen atoms on q are exactly behind

resDectivelythe methylgroup and the two hydrogen

atoms on C'r. fnis is ialled the futty eclipsed cxrl.for'

mation i the dihcdral angle* for this conformation
is 0'.

trans) confotmation
F\rther rotation through 6'tr givcs another

STAGGERED ECLIPSED

SKEW

FIGURE 15.10. Ne*T nan projeclion formulae for

sbggrcred, ecliped and skew conformatiors oI propane

14
.Dihcdr.l angc i6 rhc.ndc betsecn thc two Ptancs dcfi'rcd by CH3-C2- q and q-q-CH3'
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?I.. 9H. 9Hs . Th,Ys lo'. lh:
FHg I .,i above discussion, it fol_CHs )!' lows that n-butane has# , Y I \- 600 - fl\ four distinct contbrma-r ---RoTATIoN t /\ RorAIoN- L-\l tions, i.e., anti_conforma-

H tion (I9, gauche
H conformations (II and

IV), eclipsed conforma-l(00,3600) fl(Gool --- i ---
FuLLY EGLIPSED caucHE 160o tions ([I and V) and fully

eclipsed conformation
(I). There relative poten-

,fn. dr. li"t'. conformationsJl(i:'fl =X[113J" ',fi,,j', [**ill,jll-,":H::;
F'GUREl5.ll.Newmanprojectior'forsrassered ;:l*:,t:Xii:ll,:;f-

and ecliped conlormatjons ofn.butdne. bonded methyl gro,up.s

re(urn to the ,r//), eclipsed conformarion (l ) coo.- (dihetlral angle teO*') |rna
pretinsa rorarionor360"around rhec, - c, bond ::;:Hi3."+f:l#ff:?::#iffi^X',..*1il:,r,lrJ

rE.4-
255

142
kJ mol-1

3.35 kJ moFl

_..1.__

18 4-
25.5

3.35
kJm

1
L
E

v
(.,

z

I
I

'11142 TJ 2U

I

FULLY

- 

AtiGLE OF ROTATTON ________._____)

cH3

l,x

#-
H

GAUCHE

FIGTJRE lS.r2. Ch.ns6 nr potqrriat eneBy durn)s rotaton about C2{3 bond iD ,-buia,r€
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FtGuRE f5.13. The two meihyl $olps ln gauche

conrormadqE of n-butane belng

600 Part carEe sterlc straln'

found that the
35 kJ mol- 1 less

tlrcmselves oI equal enetgt

14'2 H mol-l.

relative energies of the four distinct conformation-s

ofn-butane follows the order ;

Anti > Gouche or Skew > Paaial$ eclipsed

> Fully eclipsed

vertible and hence cannot be isolated. Further since

malions while the contibutions ol the hiSh enetgl

conformers.

15.6. Cycloalkanes iil

Cyclic sa s are callcd

cycloalkanes or r general for'
iula is C,Ho c,H2,,-2 (if

bicvclic) and so on. Here z = 3, 4, 5, ' etc' since a

iinjt... tnun tttte" carbon atoms is not possible'

The ceneral formula o[ cycloalkanes, ie'
C,H, may-be rewritten as (CHr)n since in these

co-pound., a number of methylene (CH2) units

For detailed discussion on the IUPAC names

of substituted cycloalkanes refer to sec 14'11'5 on

pages.....
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15.6.1, Conformations in Cycloatkanes
Like alkanes, cycloalkanes also show confor-

cycloalkanes. F\rther, greater the deviation, more
strained is the molecule and hence more reactive is
the compound. For example, cyclopropone with a
bond.angle o! 60' is very struined ond hence very
reactive.

CYCLOPROPANE CYCLOBUTANE CYCLOPENTANE

very little struin qnd hence is much kss reactive than

Cyclohexane exists it lwo non-planar ot puck_
ered conlormations called the chai and thi boat

15.14). The names chair and
ese conformations because of
a lawn chair and a boat respec_

" 
o *fnt" i,

Puc rbon atoms,
i-e., plane ofthe
molecule. As such we may cotrsider the molecular
axis to pass rhrough the cenl.re of the molecule and

D

(a) SAWHORSE PROJECTTON (b) NEWMANN PROJECTION

(c) SAWHOSE PROJECTToN (d) NEWMANN PROJECTION
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the following two reasons'
(i) ln chair conformation, the adjacent

hydrogens on C1-Q, q-q, C3-C4, C5-C5

and Cu - C, are all in the morc stable stagered

oie4 a resuJt'

the f -bonded

H-at ' 
in boat

conformation, the adjacent hydrogens on q - q
and C5 - C6 are irr the less stable eclipsed oienta-

rions (Newmann Projection 'd')' As a result, boat

conformation has considerable ,onion al stain ar.d

hence is less stable than the chair conformation'

(ii) The two hydrogen atoms (marked as Ht)

called the flagtole hyibogens on C1 and Co in the

(1 83 A or 183

229 pm in the
It, boat confor-
er walls or steic

srrain. Thus boat conformatioa is less stable than

chai, conform"tion due to torsional strain as we'll

as steric strain. Con'tercely chair form is free lrom
tonional strain and steic strain and hence is more

stsble than the boatform . I t is because of this reaso n

that 99Va of cyclohexane molecules exist in the

more stable c,hair form at room temperature'

The energy difference between the chair and

the boat formiias been found out to be 29' 7 kJ

to rclain its identiE

Conformations of cyclohexane. Besides chair and boat, two other imPortaDt cooformatioos of cfclohexane

arc: hdlf-choir and t ist boat

R"lotiue 
"nergt 

, 0 0kJnol-r < 23 0kJmol-l < 29'TkJmol-l < 46 0k'Imol-l

Half chair

outofallthesefourconformatioDs,thechairconformationisthemoststablewhilehalf.chaircoDformatioD
boing the least stabte ; the cnergy differcnce between the two bcing 46'0 kJ mol-l' Out of the two boat

cooflrm"tionr, the twist-boat conformation is about 23 0 kJ mol-l less stable tha[ the chair mnformation

iri o r*r, u i 
" 

,o"1-r more stable than boat conformatioo. Thus the rclative shbility and enerry of thcse

four codormations of cycloheBoe folloY'8 the order :

Stobility : Chon > Tleitbboot > Boa! 
"f :Oo" -,

ethene (ethvlene), propene (propylene) etc'

oroduce oilv-producti on reaction with halogens

Irch as chlorine and bromine. Their general for-

mula is C,,Hr, wheren = 2,3,4 ." etc'

The first member of the alkene family is

ethene, QHo, which contains Sa-bonds and one z-

bond. The bond enthaly of C = C is 610 kJ mol-l
while C-C bond enthalpy of ethane is 370 kJ

PART_II

AI,KENIiS

'r
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Tol-t.+ a result, C = C bond length in ethene
(t1+ pT) is shorter than C-C bo;d length i.u
ethane (154 pm).

15.7.1, Nomenclaturt of Alkenes
Th

been dis
ofrecap
are given below :

cH3 cH3lt
CH.-C = C-CH,
4327

2, 3-Dimerhylbul -2-ene

21
cH2cH3

I

CH,CH2CH:C-CH:
6543

3.-Methylhex-3-ene

cH3cH' cH3
121156
CH3CH2-C = C- CHzCHT

34
3-Ethyl-4-methylhex-3-ene

gH, cH.

' | 3 l-s
cH3 -2c - - _cH-4cH_cH3

tt

2, 2, 4 -Timethyl - 3 - (1 - methy'cthy') pcnrane

15.72. Geometrical isomerism - Hindered
rotation around carbon-carbon double bond

We know that a double bond consists of a
o-bond and u by
sideways overl of
two carbon at of
carbon atoms. of

Ovedap ot p-orbitats
not possible becauso
they are perpendictrlar
to each other.

FIGURE 15.15, Rotation about a carbon-ca6on
double bond.

is not providcd by thc collisions ofthe molecules at
room tempcraturo. Consequently, the rotatioo
about a carbon-carbon double bond is not free but
is ,ttrongly hindered or resticted. In other words, a
z-bond prevents free rotation of the carbon atoms
of the double bond with respect to each other. Due
to this hindered rotation, the relative positions of
atorns or groups attached to the carbon atoms of
the double bond get flued. For example, Ho and
H, ir Fig. l-5 l6 cannot exchange their positions by

FIGURE 15.15. Restricted rotation
about carbon-carbon double bond.

rotation oI C, with respect to C, without breaking
the z-bond.

As a rcsult, manysubstituted alkenes cansxist
in two disrinct isomers which differ from each
other only in the relative positions of atoms or
groups rn spacc around the double bond. For ex_
ample, but-2-ene can exist in the following two
forms (I and II) :

CH.- -CH.'/'. 
. .\

C=C
11../ \H

I
c,r-But-2-ene

/'H

II
frDlr-But -2 -cnc

Rotai.

-.---.>
through m"

CH-

C=
11-/

c
CH,
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Both these isomers have the same structural

formulae but differ ir the relative spatial arri nge-

ient of hydrogen atoms and methyt gloups around

the double bond.

(z) Q)
Br.- t z -zF-C=Cl
1." -Cl
o) o)

pound,

(2) (1)

ar, \^ ^r.rrrdL=L

The isomer I, i-o which the similar atoms or
prouos lie on the same side of the double boud is

Zolei the cis-isomer whereas the isomer Il, in

which the similar atoms or groups lie on the op'

oosite sides of the double bond is called the trans'
isomer. It is because ofthis reason that geometrical

isomcrism is also called cis'trans lsomerism'

E, Z Nomenclaturc

If three or all the four atoms or grouPs at-

Gemfin means lo7ether) and il the two stoms ot

groups oJ highesl pioity are on the opposite sides'

ihe iomer ii designoted as E (Entegegon in Cetman

meatts opposite).

the atomic number of the atoEs attached to each

of these first atoms. In CH3, these atoms are H, H,

H while in CH3CH2 these are C, H, H' Since C has

higher priority over H, therefore, CH3CH2 group

is assigaed priority (1) while CH3 group is a'ssigned

priority (2).' 
The second carbon atom of the double bond

carries groups CH,CI and CllrOH' Since the fust

priorrty (2).

Rtle 3, Double bonds and ttiple bonds are

treated os if thq have duplicote or triplicate single

bozds. For examPle,

- CH = CH - is treated as - CH-CH -ll
CC

}'HICH2/
o)

\cHroH
(2)
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and > C = O is treatedas >C-O
lt
OC

(2) (2)
CH: \ -/.CHzcH3C=C
CI." \8,
(1) O)

(Z)-isomer
i.e. (Z)-2-Chloto-3-bromop€nt - 2 - ene

0) (1)
ar, \ /cHzoH

C=C
11./ \cHo
(2) (1)

(E)-isomer
i.a (E) -2-Hydrcxymethylbur-2-en- I -at

Necessarlr and sulllcient condiuon for
geometrical isomerism. It may be mentioned here
that all compounds containing carbon-carbon
double bonds do not show geometrical isomerism.
The necessary condition for a molecule to exhibit
geometrical isomerism are

(i) the molecule must contain a double bond,
(i) each of the two carbon atoms of the ilouble
bond musl have dffirent substituents wltich may be
same or different, T\ts alkenes of the type
abC=CabandabC=Cde show geometrical
isomerism.

o-a=a-o
6.'/ \a

cit-isomer

isrrearedas' -a -i 
\a. /'____ c,.t c i\c

H,,,.i- 7C"''.,
Thus, CoHrg is assigned priority and

CC
tl

- C = C- is treated as - C- C-
lt
CC

For example, consider the following com-
pound.

o)

^/-cHo
caHr/

(1)

One of the carbon atoms of the double bond
carries CH, and C6H, groups. Since in CuH, group,
the hrst carbon is attached to two other carbons one
by a double bond and the orher by a single bond,
therefore, C, C, CH of phenyl gets higher priority
over H, H, H of CH.. Thus, CuH, is assigned

priority (1) and CH, is assigned priority (2). The
other carbon atom of the double bond carries
CHrOH and CHO groups. Since in CH = O, C is

attached to O by a double bond while in CHTOH,
C is attached to O by a single bond. Therefore, O,
O, H of CHO ges higher priority over O, H, H of
CHrOH group. Thus CHO is iusigned priority (1)
and CHrOH is assigned priority (2).

C)n the basis of relative priorities, E and Z
designations are assigned as discussed above. For
illustration consider the following examples :

(r) (1)
t', r... .,.cH,

C=C
11,/ \H
(2) (2)

(Z)-B,dt -2- ene

\cHroH

o'-''- 
a=a--d

b." \"
(Z)-isomer

(Il groupt 'a'and'd'have (If groups ,a' anl. ,d' have

(1)

CH,
C

(2)

o-a="-'
6 .'/ \\r7

4 \'\- -/-e

u,at=c---- o
(E)-isomer

higher priotity) higher prioity)

o) r:)
..Hr \c =.-i

11 .,/ -cH"(2) 
( r)

(E)-But-2-ene

However, geometrical isomers are not pos-
sible ifone or boththe doublybonded carbon atoms
carry two s.milar substituenLs. This is because in
.such cases, the two possible configurations are, in
lhct, identical as shown below :

a'..- 
-..-dC=C

o/ \,
It is because of this reason that terminal

alkenes such as propene, but-1-ene, 2-methylprop_

o -..- -..-e
= , -t'="-o
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1-ene etc. and alkenes carrying identical sub-
stituents on one ofthe doublybonded carbon atoms

such as 2-methylbut-2-ene and 2, 3-dimethylbut-2-
ene etc. do not show geometrical isomerism.

Hscr\ --cHs
( ti) C = C-

HrC / -H

Propene

cH3cH2\
(l=(l

11 '/

cH3\c 
=a/' (in)

H./ \ g

fl\ -B'C=C
ct .. 

-Y/

c/.._ -/HC=C
p../ \1 (N.C.E.R.T.)

(iv)
./H
\H

But-1_ene

CHr\ ..-H
C=C

cH{ -'--H
2-Met hylprop- 1- ene

cHr\ ./cH,
.H(c 

= c\cH,
2, 3-Dinr€thyll)ut - 2 ene

Georneticul isonte\ huve lhe same ntoleculLt

sln.cfioe but differ only in lhe rclative posilions oJ

atoms or groups irt sPace, therefore, thLy aR

sterenisomers. I'hese .ttercoi:tQnlars ffe trct oplic!i
isomers since theit nlole(:Lllet are not cllitol

I'lXA\lPf -li l5-3.llhiclt of thc Iollob'ittg conl-

pounds will show cis- trans isonuism ?

(i) (HtC)rC = CH-CHr

(ii) HrC = CCt,

(ii) CfitCH = CHCH,

(iv) H rC- CH = CBI(.CH:) (N.C.E.R.T.)

Solution. Alkenes (i) and (ii) have identical
on one of the carbon atoms of thc

d hence do not show geometrical

isomerism. In contrast, alkenes (iii) and (iv) have

different atoms or groups on each carbon atom ol'

the rlouble bond ancl hence exhibit geometrical

isomerism.

ll\ \\ tll.l'l 15.t. Clatsry thc Iollttwirtg us E ot
Z isonrers '/

/,cH2cH 3

solution. (i) Z (ii) Z (iii) E (iv) E.

15.73. StabilitY of Alkenes

Alkenes add on hydrogen, in presence offine'
ly divided metals such as platinum, palladium or
Raney nickel to form alkanes.

- PtorPdorNi
C=C(+Hz 

-

Alk€ne

tl
-C-C- + Heat

ll
HH
AIkane

This reaction is called hydrogenation. /t is crr

axothennic retctiotr dnd lhe amounl oJ heat eeohYd

when one mole of an olkene is hydrogenated is called

its heat oI hldrogenttion.

The heat ofhydrogenation of some alkenes is

given in Thble 15 2.

1'AIILE 15.2. [Ictts of hldrogenation
of some alkenes

118 8

119.2

112.5

126.'l

l12 2

2-Mcthyl-
prop-1-€ne

2-Metbyl-
but-l-eDe

2-Methyl-
but-2-€De

3-Methyl-
but-1€ne

2,3-
Dinrethyl
but-2-one

131 .2

125.9

126.1

119.6

115.5

Ethene

Propene

But-l-ene

cis-But-2€ne

H,C \(i) 
,/'=' -cFI,

Heat of
[]drogela-
tion (ln kJ

--r-lr

llent of
hydrogena.
tion (in kl

mol-l)
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But-1-ene, cll-but-2-ene,nnd trurns-bu|2-
ene all on hydrogenation give the same alkane,
i.e-, n-buta,l,e but evolve differenr hsats ol
hydrogenation. This means that these alkenos
must have different inherent cnergies and hence
different stabiliticr. An alk*rrc which has a lower
heat of hydrogenation must have less inherenl.
energy and hence will be more stable than its
isomers which havc hiqher heats oi hydrogena-
tion. Thus, heot ol hyrhagerwtion of qn alkene is
tlte index of its stobility. The ktwer the heat oj
hydrogenation of on alkene more stable it is. The
following conclusions cao be drawn from Table
15.2 given above.

(i) An un$ubstituted alkene such os crl\ne hqs
the highesl heot of hyb ogeletiort.

(ii) Greaterthc nwtberof dl4,! goups dtaclled
to the dou,bly boruled corhon alon$, ntore stable is
lhe alkene. In ge\eru , olkenes have the jillojt ing
dccreusing order of stabiliqr* :

R2C=CR1 > RrC = CHR > R1(t = CH,.

R\ 
--H R-_ --RC:(l- j- ('-r'

H". \R H."' \H
> RCH : CH, > CH? = CH2

(iii) Out of geonutric tsotnetlt, the trun!-i.\onw
is slightly more stabla than the co,responditg cis-
isonter

Explanation for relative stabilities 0t
alkenes. The relarive stabilities of different
alkenes can be explaincd on the basis of concept
of hyperconjugation as discussed in unit 14. Con-
sider, for example, the tbllowing alkenes :

cHr\ ,/cH.C=(l
CHr/ -cH.

2, 3-Dime(hylbur-2-ene (I)

Clwelve a-H ; AHz = - 112.2 kJ nrol-r)

CH.

ic = cH_cHr
cH.-

l- Melhylrut - 2- ene l)
(Nine a-II : Art = - 112.5 kI mot-r)

CH:\
-.,-HC=CH--- -ar,

fanr-But-2-ene (IU)
(slxo,-H. AIt = - 115 .5 kI ot-1)

t'r\ ,/cH,
C=C

H-'-- \t{
clr-But-2-ene (IV)

(SD( a- H. AH2 = - 119 6 kI mol-l

cHr-cH = cH,
Propene ry)

Cfhreea-H ; AHz = - 15 8kJ mol*l)

CHz = CHz
Ethene Or'I)

(No a-C. No a-H ; A,t - - 137.2 lcI Dol-l)

Alkenes I, ll, III (or IY) have twelve, nine,
stx, thtee and notrc e-hydrogcns respectively and
hence equal number of hyperconjugation struc-
fures can be written for each oue of them. Since
greater the number of hlperconjugation struc-
fures, more stable is the alkene, therefore, rela-
tive stability of these alkenes follows the
sequence:

I>II>III>IV>V>VI.
Since Lar?J-but-2-ene (III) is more stable

than the crs-bur2-ene (IV) in which the two
methyl groups lie on the same side of the double
bond and hence cause steric hendrance, there-
fore, heat of hydrogenation of III is less than that
of IV

15.7.4. General Methods of pr€paration

. - 
Alkenes can be preparud in the laboratory by

the [olJowing general merhods oI preparation.

- ..Fr"\ alkyl halides or haloalkanes. Alkyl
halides on heating with a strong base such is
sodium ethoxide or a concentrated alcoholic solu-
tjo.n . 9f _ potassium hydroxide undergo
dehydrohalogenation to give alkenes.

- - 
rrhis order is givcn in organic chemislry by T.w.G. soromons and c Fryhre but in organic chemistry by RT. Morrisonand RN. Boyd no distinclion has becn madc oo t he rctarilc slrbility of R C = CH2 and RCH = CHR
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be

H
I I KoH (arc) -

-fr[ - L.- ^"',"^l )c = c( + rx
I t 

a Alkene

x
AlLyl halide

(X = Cl, Br o! I)

p a 353-363 K
e.g., CHTCH2-[ + KOH(a/c.)

Iodoethanc
(Etbl ioddr)

CHr= C.11.- + KI + H2O

[]thene
(8fi!lene)

p a 353-363 K
CH3CH,CH2 - Br + KOH(a/c

1-BromoProPane
(n-Propll bomridc)

CHrCH=CH, * KBr * HrO
ProPenc

(hoPYkne)

This procrss oJ removal ol a molecule of a luhgen
aritl'(HCl, HBr or HI) Irorn d htlotlktw tolom
an ulkene is called dehydmhaln4enation

Dehydrohalogenation is an example of an

elimination reaction. Since in this reaction, a

hy<trogen is removed from ap- carbon and halogen

from thea-carbon, therefore, it is calledp-elimina'
tion reaction.

The ease of dehydrohalogenation for dif-

terent alkyl halides having the same alkyl groups

but different halogens is iodides > bromides >

chlorides while for different alkyl halides havingthe

same halogen but different alkyl groups is tertiary

> secondary > primary. Thus, a tertiary alkyl

iodide is most reactive.

SaltzelT rule. Depending upon the structure

alkvl halides may give one or more isomeric

alkenes. For example, dehydrohalogenation o[ l-
chlorobutane gives only one alkene, i.e , but-2-ene

since onlyone rype ofp-hydrogenis available onthc

lcft side of the molecule.

Pea
CH3C}I2- CH - ClIz +KOH (aJc.) .-.

tt
HCI

l-Orlorobutanc

CH3C}I2CH=CH2+KO + H2O

But-1-cnc

lf, however, the structure of the alkyl halide is

such that it has a p-hydrogen on either side of the

carbon atom carrying the haloge& it can undergo
elimiaation in two different wap giving two

alkenes. The relative amounts of these two alkenes

is govemed by Say{zefi rule. According to this rule,

wien*er tno al@es are heoretkally possible

&uing a
the moru
numbet
which preilominates. For uamPlq

Br
I

cH3 - cll2 - cH- cH!
2-_Btomobuisnc

CH3-CH = CH-CH3 CH3-CHr-CH = CH,
Bur-2".nc (to%) Btr-l'-cnc (204o)

tMorc Ndrb itseiircd (Lc's hhw tubstituted
'all<arc imon slablc) arl.at. ; l..s lltblc)

V/ Fto. Ylclnal dlhalldes or l, 2'
dlhaloallsnes.
which the two
jacent carbon
dihaloalkates.
a suitable vic. or 1, 2 dihaloalkane with zinc dust in
methanol or ethanol. For examPle,

CH.-Br cHroH CH2

I ' * Zn -----+ ll + ZnBr2

CtI, - Br a CH,
1 2.-Dibromocthanc Ethcnc
(Entr//ac tlibrondic\ (EthYknc)

cH30H
"--"". CH3-CH=CH2

a P-p.n"
(tuoPYlene)

,. i + ZnBt2t'

CH3-CH - CH2+7-a'
llBr Br

1, 2-DibrcmoproFnc
(Propylat.libromi&)

KOH (alc.), A
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o! ,rnh4en Br
lo lorm an I cllloH

' CIl.r-CH-Br +Zd 

-
l, l-Dibrcmoethane A

Even 1, l-dihaloalkanes orgern-dihalides also (Ehylidenc di rcnida)
undergo dehalogenation when heated with zinc CHr=Cg, *rn r,
dust in methanol. E,lcne

,.,.::.-) i C} OtJR. KNOWL EDG? 
.'9.

a, x-Dihaloalkanes (ie. alkan )s having halogen atomson terminalcar )on atoms) oD hearingwith active n]etals
such as zinc or sodium underg( ring closure to form cycloalkanes. For example,

-CH. Br
CH,: +Zn 

-
- \CH2 Br

1, 3-Dibromopropanc

-9HzCH.' | + ZnBr-'\cH,
Cyclopropanc

molecule ofwater to form alkenes.
H

-p[_["_tt
HOH
Alkanol

cH3cH2oH
Ethaool

(1' Alocohot)

OH
I

Conc. H2SO{ or Alzol

For example,
At2o3

CH3CH2OH aH2 = CH2 + H2O
Bthanol 623-633K Erhene

(E,hyl dlcohoD (&Aenc)
95Vo HTSOa

,t40 K

This reactioD is c€led fteurd,6 Dethod and gives good yields only for cyclopropane.

CH: CH:
I mz.uSo, ICH3-C-OH CH, -C=CHr+H,O
I 363K 2-Mcthytprcpcnc
CH,

2- Mcthylpropa n -2 -ol
(? AlcohoD

It is evident from the above reacfions, that the
otder of dehydration of different alcohols is : 3" >
2' > 1".

Like alkyl halides, dehydration of alcohots
also follows Saytzelrrule.

For examplc,
OH

I

cH3_cH2_cH_cH3
Butan-2-ot

lconc. H,SO., A

*___----------,1
CH3-CH=CH-CH3 CHTCHT-CH = CH,

)c = c(+Hzo
Alkcoc

CH2=CH2+H2O
Ethcrc

But-2-enc (80%)
Qnorc stoble olkene)

Bnt-l-cnc <20qo)
(lcsi stable olkcnc)

cH3-cH-cH3
Propan -2-ol
(7 AbohoD

OH

60Vo HzSOt

313K
CH3-CH = CHz + HzO

H]PO., A

.' \6/Ftom monohydric alcohols or alkanols-- 
Monohydric alcohols or alkanols containing a

p-hydrogen on heating with a mineral acid such as
conc. HrSC)o or HrPOa or on passing their vapours
over heated alumina at 623-633 K eliminate a

O
Clalohqcnc

+ H2O
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.( --t t
CH.CH^_ O_H + H

+H
+ cH3cH2 - o'H

Ethanol lrotonaled cthanol

This slep is fort and hence doe$ tot affect llltl
rute of the reuctiott,

This step is usuallY reversible

Step 2. The presencc of a positive charge on
thc highiy electronegative orygen atom wsakens

the C-O bond and thus it rcadily eliminates a

molecule of water to form a reactive chemical
species called carbocatiotr .

'i 
-H sro* +

CH1CH2 - O-z .-.r CHr-CH: +Hzo
'' -\ H Ethyl carbocation

This step is slow andhenceis llv rote-detentin-
ing ;tcp oI llrc reactiott.

Step 3. The carbocation lormed in step 2 im-
mediately toses a proton to form arl alkene.

t'' , * Fast
HlcHrLcH2 r crt,=cgz + H+

Ethcne

Laboratory method of prcparation. In the

laboratory ethene is prepared by dehydration of
ethyl alcohol with conc. H2SOa at 440 K. For this

purpose, a mixture of ethanol and conc. HrSOo in

the ratio of 1 : 2 by volume is added from a drop-
ninu funnel inlo a round bollomed [lask containing

inh-ydtou. Al2(So4)3 and sand in which

AI2(SO4)3 catalyses thc reaction whereas sancl ts

used to avoid frothing during the proccss

Thc reaction mixture is heated to 440 K antl

ethene thus produced is collected ovet water as

shown in Fig. 15.17. Ethene produced by the above
ethod contains impurities of SO, (formed by the

recluction of HrSOo) ancl CO, (formed by the

oxidation of ethanol). ln ordcr to remoYe these

impurities, impure ethene is passcd through a solu-
tion of caustic soda (NaOH) which absorbs CO,

and SOr.

2 NaOH + COz ..-* NarCO. * HrO

2 NaoH + SO2 -r Nnr5g, 4 1116

\L"by partial reduction of alkynes. 77re

tially poisoned by addition ofPbCO3, S or quinoline

(LindlaPs catalyst) predominantly gives cis-

ilkenes. However, if alkynes are reduced with
sodium in liquid ammonia (Blrth rcductloa), tmns'
alkines are the major Products. Thus,

\e
CHr-C = C-CH,

Bur-2-yne

cH:\ /cH3
C=C

H/. \H
cir-But-2-cne

CH,\ 
--'H

H'/' -cH,
lrons -Bnl -2- enc

I6rom sodium orpotassium
salts o[ saturated dicarboxYlic
acids (Kolbe r)
Electrolvsis s-

sium salis of ic
acids givcs alkenes. For examPle,,

CH)('( ji )I{
i - i jH,()
LlLl.l rr()K
Ihl succtnate Elcctrohsis CHz

'll
cHr
Ethylcne

t'2c()r* H2 + 2KOH

IIr- PdlCaCO3 + S

+ CONC. H2 SOa(t 12)

FICUBE 15.f7. bboratory pr€paration ol cthere
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This reaction is called Kolbe's elcctrol5tric rtac-
tion aad is believed to occur by the following stetrs :

CH,COOK Ionizarion CH,COO-
I + ZK+
cHzcooK cHzcoo-

2H2O <-\ 2OH-+2H+
Al anode : r'lcH2coo- lcH'cool cH'

| +ll l----ll +zcoz
cH2coo- lcHrcoo I CHz

L_l
discharge potential of
of K+ ions, therefore,

discharged to produce
the solution

ZH+ + z e_ ......- [2 Hl-_, H,
15,7.5. Physical Properties of Alkcnes

l. Physical state and smell. The first three
members of the family, i.e., ethene, propene and
butenes are colourless gases ; the ncxt eleven mem-
bers (C, - Crr) are liquids while the higher ones are
solids. Except ethene which has a pleasant smell, all
other alkenes are odourless gases.

2. Molting points. The melting lnints of alkenas
do not slrowa regular gradation. However ,the melting
point: of alkenes an higler than those of the cor-
responding al*anes. This is due to the reanon that

Amongst isomeric alker,es, lrans-alkenes lwve
Irigher melting points than their corresponding cis-
isomen, For example,
qH:\

,--'-c = c
,.CH, t"r\ 

---H

since the dipols moments of individual groups
being equal ald opposite exactly cancel out each
other, Uns),rnmetral rrans-alkenes, however, have
small but finite dipole moments. The reason being
that although the two dipoles oppose eachotheryet
they donot exactly cancel out each other since they
are unequal.
gH:\ 

/-H CH3CH2\ ---H-C=C C=C
11.'' -an, tl." \cH,

a.ar$- B[t-2-ene
at=o)

Both symmetrical and unsymmetrical cis-
alkenes are polar molecules and hence have finite
dipole moments. The reason being that in these
cases, the two dipole moments are inclined to each
other at an angle of about 60' and hence have a
finite dipole moment. For example,

llar$- Pcnt-2- ene
(..>o)

CH,CH.. ,'tCHt
C=C

H.". \ H
cri-Penl -2-cl)c

G,>o)

t".\ 
-.CH,-C=C

H-t \tt
crlr-But-2-enc

(rr = 0.25 D)

Similarly, unsymmetrical terminal alkenes
such have frnite dipole
mom to the alkyl group
is no ing polarity in thi
opposite direction. Thus,
gH:\ 

-.,'H
H"" \n

cH3cH2 \ -.-HC=C
H". \H

But-1-ene
At = 0.37 D)

Propene
(4 = 0.35 D)

This is due to the reason that the molecules of

3. Dipole momenls. Symmeffica I tron s_o lken es
are non-polor utd hencc have zero dipole ntoment

crj-But-2-ene
m,p. 134 1K

C=C
H.'- -ar,

rrarr-But-2-ene
( .p 167 4K)

-- rr
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5. Solublllty. Alkenes like alkanes being either
non-polar orweakly polar molecules are Practically
insoluble in water and other polar solvcDts but are
quitc soluble in non-polar solvcuts such as benzcnc,
CCl., pettoleum ether etc. and weakly polar sol-

'rents such as ether.

6. Densitl: The dcnsitics oI at,.rr.;s. likc those

of alkanes, inciease with the increase in molecular
mass till they have a lirniting value of 0'89 g cm-3.
Th].Js, all alkmes are lightet that woter

15.7.6.\{hy do alkenes undergo Electrophlllc
Addition Reactlons ?

Alkenes are characterized by the presence of
a double bond which consists of a strong C-C,
o-bond and a weak C- C,z-bond. Thefi -electrons

form an electron cloud which lies above and below

electrophilic addition reactions are gnergetically

more favourable than electrophilic substitution
rcactions. Thus, the tyPical reactions of alkenes orc
electrophilic addition reactions and not lhe
e le ctrophilic sub stiattion rcaction!.

15.7.7. Mechanlsm of Electrophlllc Addltlon
Reactions

Det us illustrate the mechanisn of electro'
philic addition reactions by taking the example of
;ddition of Brz to ethylene. The reaction occurs by

atwo-step ionic mechardsrn as discussed below :

Step 1. Bromiae molectle itself is non'polar
but when it comes close to an ethylene molecule,
the z-electrons of the doubte bond begin to repel
the electron pair holding the two bromine atoms in
the bromine molecule. As a result, bromine
molecule
bromine
attracted
molecule
gives the carbocation and the bromidc ion. This steP

is slow and hmce is the rate'determine step of the

reaction.
Ethvlcnc t+ t-

g.-g. ---J-""r Br-Br
Polarizcd bromioe

rllolcculc

CHz a+ a-
ll + Br-Br
CH,

Ethylene

CH, t+ 6-
+ +-' Br-Br

CHz
,r - Cornplex

SIow +
_...- CHz - CH, * Br-

I

Br
Bromocthyl
carbocation

Y
(Addtion)

>'='<l -l-i(l
(Sub$inaion)

This step can simply be represented as

r\
/____\!,+ lr_ s,*,

CH, i 911, + Brl-Br '-')
+
CHr-CtI2-Br+Br-

"th/"* 
;"d rh; il;'LJ6';;"-"6;6t'

elcctro6tatic attnctiofl .
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/"-Y Nuclcophilic .rtack
Br- + C[-CH.

I F""t

Evldence in support ofthe above mechanism,
If the carbocations are really the intermediates in
the abovc mechanism, then they ohould also react
with other nucleophiles when added to the reaction
mixture and hence a mixture ofproducts should be
formed. This has indeed bccn found to be so. For
example, when ethylene is bubbled into an aqueous
solution of bromine contaiaing sodium chloride,
besides 1, 2-dibromoethane ; l-bromo- 2-chloro-
ethane and 2-bromoethanol are also formed.

Br- CH, - CHr- Br
l, 2-Dibrom@thanc

cl- cH, - cHr-Br
I -Bromo-2-chloroethane

+ -H,Br-CHr-CHr-OHr- Br- CH2 - CH2 - OH
2-Brcmoethanol

Br
i

crf2-cHz
I

Br
l, 2- Dibromoethane

Btz

CHz = CHz --Eth,lcnc -Br-

+
cHr-cHr-Br

Llmttations. The above mechanism involving
simple carbocation iatermediates does not explain
the following two points ;

(i) Stereochemishy ofaddltlon ofhalogens to
alkenes. It has been observed that halogenation of
alkenes always gives frans-dihalides and not cr'r-
dihalides whenever the product ofhalogen addition
is capable of showing stereoisomerism. For ex-
ample, addition of Br, to cyclohexene gives only
,/arrr-l, 2-dibromocyclohexane. If the simple car-
bocations were the intermediates, both cs and
trans-L, Z-dibromocyclohexanes should have been

formed. This is due to the reason that carbocations
are planar chemical species and hence the attack of
the bromide ion on the initially formed carbocation
(I) from either side ofthe molecule is equally prob-
able. Thus,

(Ii) Rearrangements of intermediate car-
bocations arc not obseryed in halogendtion of
alkenes. The carbocations formed during the
halogenation of alkenes do not undergo rearrange-
ment. For example, addition ofBr2 to3,3-dimethyl-
1- butene gives only the expected 1, 2-dibromo-3,
3-dimethylbutane and not the rearranged 1,3-
dibromo-2, 3-dimethylbutane.

CH3-C-CH = CHz.......> CH3-C - CH-CH2tttt
O
Cycloh6xehe

cHr
Brz I

CH:
I

CH:
3, 3-Dimclhy'-1-butcnc

CH3 Br Br
1,2-Dibrorno-

3,3-dimcrhylbut nc

cHr
I

"e
andnot CH3-C-CH-CH2ltt

Br CH, Br
1, 3-Dibromo-2, 3-dimcthylbutan€

Cyclic Haloniuno lon Mechanlsm
Since the addition of halogens to alkenes (i)

alwoys gives fians-dihaliiles anil (ii) the reanange-
ment of intermediate carbocolions is not obsened, it
was suggested that this reaction, in fact, occurs

.o
Br Br
cis-1,2-

Dibro rnocydo hexa ne
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through a cyclicbromonium ion (II) rather than the gH:\
simple carbocation (I).

+
CHz*'..ri.
CH2- Br :

' ' C)'clic bromonium ion (ll)
Carbocation (l)

The nucleophilic attack of 8r- ion on this
cyclic bromonium ioncan occur only from the bock
side thereby givingtrsns-dihalides because the attack
from the front side is hindered by the bulky
bromine atom.

/.---.-\

{
H Br,

Br- CHe-

cHi'--- r
| -. -'Br :

CHz"'

Br-{H,
I

CH2 - Br
rrlrf-Dihalide
(hwotheicol)

c=
H-'/ -cr,

tons - But-2- enc

cH3\ ..-CHt B.u

C=C
H...' \-\H

(II)

CHi..
Cyclic brcmonium

ion (tI)

Like carbocation, this cyclic bromonium ion
is also a very reactive chemical species and hence

is readily attacked by bromide ion (nucleophik) to
complete the addition. Howeve4, unlike simple car'
bocation on which ottack of the bromide ion from
either side is equolly probable, in cyclic brornonium
io,t, the dltock oI lhe bmmide ion can occur only fronr
the backside ol lhe bromine atom (fonning lhe
bidge) since the altack from tlrc lront side will be

hirulred by this bull<y bromine arom. This explains
why the addition of halogens to alkenes gives lrals-

( ! ) -2, 3-Dibromobutanes

15.7.E. Reactivity of Alkenes toward.s
Electrophilic Addition Reactions

As discussed above alkenes undergo
electrophilic addition reactions. During these ad-

dition reactions, the attack of then-electrons oIthe
double bond occrlrs or an electrophile leading to
the formation of a carbocation intermediate (I)

,,--\ +

)c J c-..- + E* ------- >c- c<
Atkene 

I

E
Carbocation (I)

Evidently rate of addition depends upon the
stability of the carbocation tormed. Greater the

stobilily of the csrbocation, more reactive is the

alkene.

In order to understand the reactivity of dif-
ferent alkenes let us add an electrophile and then
examine the stability of the carbocations formed.
Thus

Brz

-|'-Ba

tens-1,2-
Dibromocycloh€xanobrornonium

ion

The trans-addition of halogens to alkenes is

lurther supported by the obsewation that addition
of Br, to stereoisomeric alkenes such as cli- and

ffans-bua- Z-enes, gives products with different
stereochemistry. For example, addition of Br, to
trans-b\t-z- ene gives meso-2, 3- dibromobutane
(tll) while that to crr-but-2- ene gives a racemic
mixture of 2, 3- dibromobutanes (IV and V).
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cH3 \ z-',--\ cHr.

^.. j!.r,+E+.--- )3-.r,.CHt cH3,
CH3CH=CHr+Cl,

Prcpene
(Ptopylcre)

Ether
.........- CHrCH-CH,tt

CI CI
1.2-Dichloruprcpane
(Ptoptlene chlotide)

During the addition ofbromine to alkenes, r,/re

orartge red colour of bromine is diichqtged since the
dibrcmide Jomrcd is colourless. This reaction is,
therefore, used as a test for unsaturation in or-
ganic compounds.

Fluorine reacts with alkenes too rapidly to be
controlled in the laboratory while iodine does not
react with alkenes at ordinary temperatures. Thus
the order of reactiviiy of addition of halogens to
ulkenes is

Fluoinc > Chloine > Bromine > Iodine

ffAaaitiun of halogen acids. Alkenes react
with halogen acids (HCl, HBr, HI) to tbrm
monohaloalkanes called alkyl halides.

\i,f H
I

)c=c(+ Hx -_>c-c<' Arkene ' 
I

x
Alkyl halide

e.9., CH2 = CHz + HBr .......r CH: - CHzBr
Ethene

(Ethylene)
Bmmoethane

(Erhyl bromidz)

2 -l\,lethylpropenc

cct4
CH, = gg, * Br, -------:

Ethene
(Ethylene)

3" Cadocation

,2.-.\ +
cHr('H J CH, + E f -------, CH3-CH _CH2E

Propene 2' Carbocarion

.,--\ +

CHz: CHz * E+ ....- ('H2-CH2E
Ethcne l' Carbocation

Since the stability of the carbocations follows
the order :

3' > 2" > 1", therefore,2rnethllpropene which
gives a j" carbocation reacts faster than prupene
which Iom$ 2" catbocqtion which, in tum, reocts
faster tlrun elhcne wltich fomr a t. cutbocotion.
Thus, the overall reactivity decreases in the fol-
lowing sequence :

cHs \
;C=CHr>CHr-CH=CH,

CHlt prupenc

> CH, = 611,
Ethene

In general, the order of reactivity of alkenes
towards electrophilic addition reactions rlccreases- 
in the order :

RrC = CR', > R2C = CHR' > RrC = CHz >
RCH = CHR > RCH =CtH2 > CH2 = CH2
where R and R' are alkyl groups.

15.7.9. Chemical Reactions of Alkenes

. - Besides addition reactions, alkenes undergo
oxidation, reduction and polynerization reaction-s.
These are briefly described below :

l.;lddition Reacaions of Alkenes
V. Addition of halogens

Halogens such as chlorine and bromine readi_
ly add to alkenes to form 1, 2-dihaloalkanes. For
example,

cH2 - cH2
tl
Br Br

1,2-Dibmmoerhane
(EtDlene brcnide)

The order of reactivity of halogen acids in
this reaction is : HI > HBr > HCl. This order of
reactivity can be explained on the basis of bond
dissociation energies of the halogen acids :

HI (3m kJ mol-t) > HBr (360 kJ mol-t)
> HCI (430 kJ mol-r)

The actual product formed, however,
depends upon whether the alkene is symmetricalor
unsymmetrical as discussed below ;

(i) Additton to symmetrical alkenes. When
the alkene is symmetrical only one product is
theoretically possible. For example,

CH, = 611, + HBr ......+ CH: - CH, - Br

AP
Bromocthane
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CH3CH = CHCH3 + HCI '
But-2-ene

cH3 - cH -cH2cH3
I

CI
2-Chlorobutane

Mechanlsm.
Like the addition of halogens, additions of

halogen acids to alkenes is also an eleclroPhilic
addiiion reaction and occurs in the following two
StePS :

n lonization
U-ldr --- , H++Br-

/\stow+
Step 1. CH, I CHz + H+ .....- CH2- CH3

Ethylcne 
.ur*ltlllo ryt1

/\+
Step 2. Br- + CH2-CH3

NuclcoPhilic attack
Br- CH, - CH,

Ethy' bromide

For example,

CH:

I

cH]-C=CHz+H+Cl-
2 - Mcthy'prcpcne

bocation (I) is formcd and if the addition occurs on

the middie carbon atom, a 1' carbocation (II) is

produced.
21

CHr-CH = CH,

Addition st Cl H+ Addition st q

oI the
carb-

CH:

I

"""', cH3-c-cH3
I

cl
2-Chloro- 2-
mcthylPropa ne

Slow
+

1' Ca6ocaiion (It)
(lcst stablc)

Fast ., Br

CH3-CH2 -CH2Br
l-BrornoProPane
(minor product)

'o
2-bromopropane and the minor producl is 1-
bromoProPane' 

Dark
CHrCH=CH2 + HBr

Ptopcnc Abscncc of pcroxides

2' Carbocation (l)
(n'oi s1obl4

Fast I Br-
cH3- cH - CH3

I

Br
2 - BromoPloPtnc

(najot Ptothlct)

cH3-cH-cH3 + CH3CHTCHT-Br
I t-g.moProPanc
Br Qnhor Fodlct)

1'BromoPrcPanc
Qnoiot Ptohtct)

rule. The rule states that
s t ab I e c arb o c at i on interm e di a t e'
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Rearmngemcrts duriEg addition ofhologe[ rcids. It n]ay be noted that
Howevcr, unlikc the addition ofBr2 to alkenes which oocuIS through a cyclic bromoDium ioo (II), the addition
of HBr occurs through tbe iDtermediate formation of simple carbocations (yI).
Since carbocatioos are prone to rearraDgemeDt, therefore, if the structure ofthe initially formed carbocation
permits, it may undergo rearrangemeDt either by a l, 2.hydride shift or ry a 1, 2. mcihyl shift to form the
more stable carbocation which I heD underSoes [ucleophilic attack by the Br- ion to form the reananged alkyl
halide. For enmplc,

1.2-Hldride
"l

6hift

2' Carbocation
(1.*t srcble)

-n.9.

CH:

Simrtaar, CU:-J-CH

cH3
I

cH3-c-cH2cHJ

[.
2-Bromo-2-methylbutanc

CH:

cH.-l-cn-cn,- 
J, [r,

2-Bromo-2.
3-dimcthy'butanc

I ,2-Mcthyl

3 , 3-DirDcthylbut- 1- cnc

3" Carbocation
(rnotc $obL)

hrodde e-Eect It may be noted that
Markowikoy's rule is not always followed. ln
pley-n9e- of peroxidas such as benzoyl peroride
(C6H5CO-O-O-CoCrH), rhe addiitoi of Hnr
(but not of HCI or HI) to uns]4r metrical a lkenes takes
place cootrary to Markovnikov,s rule. This is known
as hrodde efrect or f,harascb ellect Thug

(c6Htcoo)2
CH3CH=CH2 * HBr -' r

Propenc Anti-Mark. addn.
(Pntpylenc)

cHrcH, _ CHrBr
l_Bromopropanc

(n_hopyl btot tidc)
Mechanism. The addition of HBr to alkenes

in preseuce of peroxides occurs by a fiee radical
mechanisnr.lt consists of the following three steps.

(a) Initiation.
.. r.\n A
(r) C6HjCo-OuO-COC6H5 

-.Benzo'l pcroxidc 
2 c6H{co -i)

Be[zoyl frce radical

15137
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(il) C6HsCo-6 + HBr -+ C6HsCooH +;
(b) Propagation. It consists oI two stePs.

During the first steP, a Br' adds to the double

bond in suih a way to give the more stable free

radical. In the second step, the free radical thus

produced abstracts a H' from HBr to comPlete the

addition.

(i) CH3 - CH= CHr+Br .'..-CH, - CH - CHrBr
Propenc 2" radical (nor' stable)

(iD CH1- CH - CH2Br+HBr ....-

CH, - CHr-CHrBr +dr
I - BromoPrcPane

(c) Termination. (i) 2 Br ------r Br,

(,0 cH3-aH-cH2Br + ir -'----"'*

CHr- CHBI - CHrBr
1' 2-DlbrcmoProPane

cH:\.
(iii) 2 -cH 

-BrCH2/
cH: -..- ,,.cH,-CH-CH

BrCHr/ \cHrB.
1,4-Dibromo-

2, 3-dimcthylbutane

From the above data, it is clear that only with

effect is also not observed with HI because the lust
step involving the addition of iodine radical to
iiketes ts en doth e mti c.

3. Addition of the €lements of hlaohalous
acids (HOX where X = Cl, Br or I)-Halohydrin
formation. Chlorine and bromine in the presenco

of water readily add to alkenes to form the cor-

responding halohYilrins.*
1\ x2+H:o + Hox+Hx

OH
X,/fi,O I)c=c( >c-c<- Alkene - IIx 

I
Ilalohld rnr

For example,

CH, = 611, *
Ethene

(Ethylene)

cty'H2o | 2

cH2- cH2
-HCr I I

OH CI
2-Chlorocthanol

(E tb, I crg c h I ot o hYdri rt)

Bty'H"o

-HBr
(Mark add.)

two propagation stePs

Exctptional be

why peroxide effect
with Hl HCI or HI

CH3-CH = CHz +
Propcnc

(@@t)
cHr-CH-CHz

tl
OH Br

I -BromoProPan-2-ol
(Prcnlcnc bromohYdri )

The overall reaction involves the additiol of

th" "l;;;;;;i fpoiatous acid (Ho-d - x*d) io
accordance with Ma rkovrtikov's nLle'

The order of reactivity of different Xr/HrO
(HoX) is' ilrtHro (Hocl) > Btr/HrO (HOBr) >

IzlHrO (HOD

Mechanism. The addition of halogens in

nresence of water occurs by a two step mechanism

ihrough cyclic halonium ion intcrmedia(e as shown

below.

x
iD

HX

(i) i+CHr=CHCH3

-xcH2-dH-CH3

'ii) xcHz-iHCH3+HX

..- Xcnz-CHzCI{r+i

F
CI

Br
I

--2@

-101
-42
+12

+ 159

+ 2',1

--:3'7

-104

@oi 
adjactnt carbon atoms arc called hatohldnns.

6H (in kl hnole)
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A
/-\d + id-

CH3-CH:CH2+BrlBr
Slow

Br-

-H'....* CH3-CH-CH2
tl
OH Br

t vr ,. t,r 
' ProPllenc brohohydrin

' : ( ,l;" Addition of sulphuric acid- lndirect
hydration of alkenes. Cold conc. HrSOo adds to
alkenes l.o form alkyl hydrogcn sulphates. In casc
of unsymmetrical alkenes, addition occurs in ac-

A
cH3-cH- cH3 + H2O .------>

I

oso3H
lsopropyl hydrogen sulphate

cH3_cH_cH3 + H2SO4

I

OH
Propan-2-ot

Thus, alkenes can be converted into alcohols :

Mechanlsm.lt is an electrophile add,ition reac-
,roa. In the llrst step, the rf-eiecLons ofthe ttoubie
bond attack the electrophile, i.e., H+ to form a
carbocation which readilyreacts with water to form
the alcohol :

(,) Conc. H,SOa (cou)

(,i) Ilzo, 
^

cH3cHzOH
Ethanol

I'ltis ovcrall rwo-step conversiott of an alkcne
rttfl itlto all<yl lrydrogen sulphate fotlowed by
hydrolysis with boiling water lo Iorm alcohols is
called ind,ireet hydra ti on ofalcohols.

'5. Addition of water- Direct hydration of
alkenes. By hydration we mean addition of water.
Ordinarily, water does not add directly to most of
alkeoes. However, some reactive alkenes do adrl
water in presence of mineral acids toform alcohols.
The addition occurs in accordance with
Mtrkovnikov's rule. For example,

CH:

I d+ d- rr+cH3-c=cH2+H_OH
2-MclhylprDpene Matk, addn-

(Isoburylene) CH.r

I

cH3 _ c_ cH3
I

OH
2-Methylpropan-2-ol

(tol-Butyl alcohoD

CH, = gg,
Ethcne

cord.ance with Markovnikov's ntle.

CH, = 911, + H+ -OSO2OH ----
Elhylene

9,6

cH3_ cH2 _ oso2oH

',1I,];,f#*"

cH3cH = cH2 + H+ -oso2oH Mark addn,

Pmpylene

cH3_cH_cH3
I

oso2oH
Isopropyt hrdrogen sutphate

Mechanlsm. HrSOr + H+ + -OSO2OH

,z^r stow +
(0 cH3cH : cH2+ H+.-.-' cH:_cH_cHr

Propylcne Isoprcpyl carbocation

.r-'^'\ Frsr
CH3 - CH - CH3 + -osoiH ..._

cH3_CH_CH3
I

osC)2oH
Isopropyl hydrcg€n sutphate

hydrogen sulphates on
go hydrolysis to producc

9H, ------..l/\sr"*
(,) cHr-c - cH, + H+ 

-2-Melhylpmpene

CH,
I

cH3-f-cH3
lerr-Bug,l
ca16ocation
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CH:

-H+ I

"""+ CH3-C-CH3
I

OH
2-McthylprcPan-2- ol

Nit''li*;."'' * '' :;l;;
cHl-cll2-cH3

Prcpanc

IIt. Oxirlatlon Reactlons ofAllenes. Alkenes
urrdeigo a number of oxidation reactions to give

di{crPnt products.

1, Complctc odrlatlon wlth o4ryen or alr-
Combustlon. Alkenes burn in orygen or air to form
CO, and tl"O. This process is called combustioo'

All combustion re actiots arc highly uothetmic in

nature. Fot examPle,

I C)J' -- CH2 + 3 02 """' 2 COz + zHrO ;
,I

(-:' a}t = - 1411kJ mol-r

2, Controlled o)dd,atton wlth ordillslDg agctrts'

Alkenes react with a number of oxidisiag agents to

give different products :

(l) Oldatatlotr wlth otlTrD. Alkcaes react with
O, in prescnce of silver as catal)Gt to form

epoxyalkanes or epo:ddes. For example,
CH".

Ac lo|,.
5?5 K CH,'

Ethcne EPox)'cthanc

rAg
CH1-CH=CHz+iOz...........r

Propcnc L 515 K

CHl-CH_CHz

o
1,2-EPoryProPanc

Potassium Perman'
re formed dePending

neutral or alkaline
KMnO.

Because of the presence of z-bonds, alkenes

are readily oxirtised by cold dilute neutral or

alkalhe KMnOo solution to give vicinal or 1,2-diols

or 1, 2- glycols while KMnOn is itself reduced to

MnO2.

This reaction is called hydroxylatlon sincd

duing lhis Process, wo hydroryl groups qre added

across the tlouble bord. For examplc,

zKMnOa + H2O-) 2KOH+2MnO2 + 3[Ol

ItO

H

adds

to sub-

se hols.

For exanple,

/ , B2H. ""-r 2 S11'

{.f _.' BH]' CH3-CH = CHz .....+ CH3-CI{2-CH2BH2
ProPcne t-ProPylboranc

CH3CH = CHz
(cH3cH2CH2)rB-H

Di-r,-ProPYIborane

CH3CH = CH2

Tri-r-ProPylborane

trzoy' oH-
3 CH3CH2CH2OH + B(OH)3

1-ProPanol Botic acid

The net additionis that ofa molecule ofwater'

This two-step process is called hydrobora-

tion-oxidation oni gives alcohols conesponding to

anti-Markownikov's addition of watet to alkenes'

Hvdroboral.ion was discovered by Herbert C'

B.own who was awarded Nobel Prize in 1980 for

Raney Ni
(lH. = CH' + H, -----"r cHr-CH3

i,tr.n" - 
or Pl or Pd Elbane

CH.

' ll +*o,
CH,

CH:
I -.'' I ru.,

(i,) cH,-CfCH. .. H-o-H +

CH,
I

cH3-c-cH3

(
H
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CH,
ll - +H2o + [ol
CH2 '- -1r--J

Erhcnc From KMnO4
(Erhylene)

3CH3CH = CHCH: + 2KMnOa + 4H2O
But-z,-<nc

298-303 K

- 

3CHTCH- CHCH3 +2MnO2 +2KOHtt
OH OH

Buran.-2, 3-diol

During this rcaction, the pink cotour of the
KMnOo solution is discharyed and a blrown
prccipitate of mangatese dioxide is obtained. The
reaction is, herefore, used as a tesl for unsafrlmtion
under lhe name Baeyerrs tesl.

rrl$/Oxiaation tdth hot KMnO. solution.
When an alkene is heated with hot KMnOo solu-
aion, cleavage oI the C = C bond occun leading to
the formation of carborylic acids, ketones and c;b-
on dioxide depending upon the nature of the alkene
as showtr below: 

is
t-

KMnO, , KOII
+ 4[ol

373-383 K

CH,.
I

CHr-C = O + HCOOH
Propanone J Iol
(Acebne) CO2 + H2O

l ithnon-lenn or
ketones or both of
upon the nature of 

ng

KMnOa , KOH
CH3CH=CHCH3+4[O]

Bur-2-€ne 373-383 K

..- | cH3cooH + HooccH3
Ethanoic acid (2 molccules)

(Aceric aciA)

CH3CH2CH = CHCH3 + 4[O]
Pent-2-+ne

KMnO{ , KOH

_ ..._* cH3cHzcooH + HooccH3
373-383 K Propanoic acid Erhanoic acid

(Propionic ocid) (Acetic aciq

2e8-303 K cH2oH

--.....-...+lcH2oH
Ethane-I,2-diol
(Ethylarc tb'col)

CH:
I

CH3-C = CH2
2-Mc l hylpropene

(lsoburylcne)

fr

KMnOa , KOH
CHr= Ct1, 1 41O,

Ethene 373_383 K
(Ethylene)

o
lt

2H-C-OH
Mcthanoic acid
(F@nic acid)

1'H: \ ./CH, KMnoa . KoH

-c=C- + 2[ol 

-r

CHr- -CH, 373-383 K
2, !Dimethylbur-2-cnc

cHr\ 
-/CH,

-C=O+O=C.-cH{ -cH,
Ptopanonc q2 molcculesl '

Y
v tol

-.> 
ZCO, + 2HrO

KMnOa , KOH
cH2 + 4 [O]

373_3E3 K
cH3cH =

Propcne
(hopylcne)

o

cHr-i-on + HCooH Jol 
co2 + H2o

Ethanoic acid
(Acetic acid)

carbon pectii,ely called l,crmlnal olkcDes
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w

CH, clz(Jz .,.'CH2-O
ll '+or ' o.- I

cHz le6-2oo K --CH2-O
Etherc Ethene ozonide

(Ethytenc) (Elt)'lenc ozonidt)

unknown alkene since no two different alkenes give

the same combination of aldehydes and /or
ketones. Therefore, this method has been exten-

sively used in the Past for structure elucidation of
alkenes. For examPle,

(i) o/cHzct|
CH1CH2CH = CHr.--.-r CH3CH2CHO

g,r-t-enc (ii) zn'/Hzo Propanal. 
Hf#.?

(i) o/ctlzctz
CHICH = CHCH3 .......'..-.-......._

But-2-<nc oi)zn/Hzo
cH3cHo + cH3cHo

Dthanal (tA/o mo lccules)

CH:
I (D o/CHtCtz

CH.1- C=CH2
2-Methy'proPcne Oi\ ZnlH2o 

9H,
I

6H3\ ,,'cEt
- C=C

cH( -cH,,
2, ;Dinethylbut-2--ene

CH1-C=O +HCHO
P-P"non. Mcthsnal

(D Or/Cllzcxz

(ii) 7n/H2o

cHs\ ./CH,
ar/t=o 

+ o=C\cH,

P ropanonc (two mo I ecu I e's)

o
il

+ cH3-s-cH3
Dimcthy'

sulPhoxidc

Zn/H2O

-ZrO
Qedactive cleavaSe)

cH!c12

o
ll

2H_C-H
Methanal

(Fomald.hydc)

,,,,\
CH.CH = CHr +O1-----i cHr-cH CHz

eroi"n" l'o-200K I I

(Ptqilcn.) O 

-O
ProPene ozonide

HH
7.n/HzO I I

-zno Erhanal Methanal

(reductivecleaea$) Ot,",iii"ttaO (FomloldehJde)

However, if the ozonides are decomposed

only with water, the HrC), produced during the

reaction oxidises the initially formed aldehydes to

the correspontling acids (oidative cleavage)'

alkene into on
cleavage to Yield
onolYsis'

lmportance. Ozonolysis is a versatile methocl

for locaiing the position of a double bond in an

1, Reduction of ozonides, Instead of znlHzO or calalyric hydroSenation (HzlPd), ozonides can more con-

veniently be reduced with dimethyl sulPhile, (cH3)2S Afire jet of (cr{3)2s is directly passed through the

ozonollsis mixture, when the ozonide is redr"ed to-th" co.re.ponding aldehydes and ketones and (cH3)2S is

itself cxidised to dimethyl sulphoxide (DMSO)'

R-.- 
^,- 

o.-^.zR - 
t','... 

- 
*-a=o+o=c1]R

tl/tl i-* 
- anrt" g'z Aldchydcs \H

O- O Dincrhyt
Ozonidc sulphide

Since DMSO is \Patersoluble ano exces-of(cH3)2S being volatile simply evaPorates' theretore' aldehydes and

kctones are obtai[ed almost iD Pure state'

Pra/e.1, s Nest Coarse Chcmlstrg l&fr[D
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r.!), 1.J./OLJF-r- KNO!\/LEpcE a:ON - t ,

2. r,emieux reagent is an aqucous solu tioo of sodium pgriodate (Nal04) and a trace of KMnol and is used for
oxidatioo of alkenes. In fact, it is a b€tter method than ozonolrsis for dctermining the position of double in an
alkene and for PreParing carbooyl compouDds With this reagenr, rhe alkene is first bxidised to cir-I,2-diol
which is then cleavedt'' P€riodate tc aldebydes and/or ketones. Aldehydes thus produced are further oxidised
by KMnOn to acids. The reaction proc€eds at room lenrpcrature and the maDganese obtained io the lower
oxidation stare is reoxidised to prmanganate and hence only a irace of KMnol is needed. Thus,

KMnOa Natoa KMnOaRCFI=CHR,- R-CH-CH-R, ,[R-CH = o + o = CHR,]-- RCooH + HooCR,Alkcnc L. I Aldchydes crrbo)rytic acidOH OH
ca- l, 2-Diot

P,.R@EL"-EM6...,_O.,lS ozo N o Lys I s

gbDxql, ethqnql andpropanone. Give the structltru oI 
cyclopropene'

the hydrocorbon along with its IUPAC nome. ,,^\ (i) or
tep t. To wite the structurc ol the l_\ , O=HC_CH2_CH=O
olysis with theb corbouyl go,?, 

. *-Jn e 
@) zn/H2o r-pun"_r.i_alr

H H H Cff. 
('') Since two products l e, glyoxal aud for-

lll I nd

CH3-C= 0 O=C-C=O O=C-CHs
Ethanal Glyoxal propanone 

;:
Saep2,Tb write the shrcturu ol llrc h)dtocorbon. compound is 1, 3_ butadiene.
Remove orygen atoms from each of the three

ca.bonyl co-poiriai ""Jt*^"a them by double cH, = 611-911 = CH, 
-l::...-bonds, we have:- - l,3-Buracriene (ii) Zv/H,O

HHHCH"r r r r , HCHO + OCH_ CHO +HCHO
llll Fornraldehldc G!'oxal

:"r-!=?-:=t-:r, (rri)FormationofCOrindicaresrhatoneirher

2-Methylhexa-2, 4-diene side of thrs carbon, there is a double bond. Since

Thus, the given hydrocarbon is 2-methy'lhexo-2, CH'CHo and HCHo are the two aldehydes oblai-
+diene. ned, therefore, this carbon is attached to

I.t\.\\ll,l.l,l l:.6. Give the suuchtrcs of the CHICH= gouP on oue side and CHr=group on
compounds which on reductive ozonolvsis give : the other side. Therefore, the compound is 1, 2-
(i) pmpdne-1,3- diol (ii) glyoxol and. fomnldehyde Dutaoreoe.

(iii) scetaldehrde, formaldehyde qnd ca,bon __ (r) o:
dioide. CH3CH: C = CHz

Solution. (i) Since reductive ozonolysis gives l' 2-Butadiene (ii) Zn/H,o

only one product, f.e., propane-l, 3-dial, thereiore, CH3CHO + O = C = O + HCHO

propanone alld butanal oD ozonolysE. Wtite down are: CH3CH2CH2CH =O O = C(CH:)z
Butanal propanoneits structural formula. (N_C.E.R.'r.)

1. An alkeoe with molecular formula c;llta gNes

FOR;PRAg.fIi6rE r,. ;7
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iF ffiBpaLjElvt5: P!:

Removc the o(ygen atoms and coDnect them by a

double bond, thc slructure ofthe alkene is

CHTCH2CH2CH = C(CH:)zl

2-Mcthyihcx-2-cnc
2. Ttle reductive ozonolysis of all alkene Save

butanonc and othanal. Give the structure and

IUPAC name of the alkene.

lturs. CH3CI{2(CHrC = CHCHr,
3.methYlPent2'.rel

3. An unknown alke[e on reductive ozonol]sis gives

two isomeric carbonyl compounds of molecular
formuh, qHoO. write the structures of the alkene

and the two isomeric carbonyl comPounds.

[ \rrs. (CH.)rC=CHCII2CHJ (2-metbylPent'2-eDe)'

(cE3)2c=o (ProPanone), CHTCIITCH=o
(proparul)l

4. An organic compound (A), C6H16, on reduction

Iirst gives (B), qHr2, and tinally (C), C6Hl4. (A)

oo oonof)ais follo$,ed ry hydroDsis gives two al-

dehydes (D), qH1O, and (B), qH2O2. Oxidation

of (B) with acidilied KMnOI gives the acid

(F), CaHsO2. DetermiDe thc structure ofthe com-

pouDds (A) to (F) witb ProPer rcasoninS.

(Roo*ee 1993)

hrrs\ (A) = CHsCH=CE-CH=CHCET;

@) = CHTCETCH2-CII=CUCII3 ;

(C)= CHsCHzCU2CH2CH2CHs;

(D)= cHrCH=Oi
(E) = O=CH-CH=OoDd
(F)= CIITCHzCII:_COOEI

solutloD. (i) Since the aldehyde (E) contains two
O atoms, thcrefore, it must be a diadehyde - "fte
only dialdchyde having the moleqrlar formula,
qtLO2 is gtyo@|, t e. O = CH-CH = O. The

other aldehyde (D) having thc molecular formula,
qHlO must.bo ac€taldehyde, ie., CH3CHO. Fbr'

lher sinc€, glyool is a dialdehyde, thcrefore, two
molecules ofacotaldehydc must have bcen formed.
Thus, the struclure ofthe alkene (A) is

(i) or/cHzctz
CH..CH = CH-CH = CHCH3 

-

Hcxr-2,,kicne(A1 Qi)Z'trtH2O

CHrCH = O+O=CH-CH=o + o = CHCH:

A-cculdcht'c clyoJ@l A@taldchydc

(ii) Sioce (A) on rcdusion Sives (B) which on

oxidadon with alk. I(Mno1 givcs ttle acid (F), there-

fore, (B) must be hex-2-eno aDd (D must be

butanoic acid.

H/Ni
CH3CH=CH - CH = CHCHr 

-IA1

tol
CH3CH2CH2-CH= CH - CH3 -j-

Hcx-2.-.nc (B)

cH3cH2cH2co oH + CH3COOH

Butanoic acid (F) Acrtic acid

(itr) SiDce (A) on reduction Iirst gives B(hcx'2+ne)
and finalty (C),thcrefore, (C) must be r- hscane.

Hy'Ni
CH3CH2CH2-CH=CH-CH3 

-Hcr_2,-cnc

cH3cH2cH2CH2CH2CH3
n-HcEnc (C)

Potymers are exEemely useful products.
These have revolutionized our everyday living. For
example, polymers are used as plastic, textile, rub-
ber and h manY other industries.

Alkenes readily utrdergo Polymerization in
the presence of catalYsts

(i) Polymerization ofethene' When ethene is

heated to 473 K under a Pressure of 1500 atmos-

pheres and in presence of a trace of orygen
(0. oot - o' t2"1, it undergoes polymerization to
form polythene.

473 K 1500 atm.
nCHr= Qll. (CH2-CH, ),

TmctsoforyEen Polythcnc

It is widely used as a Packaging material (in
the form of thir plastic filrns, bags etc.) and as

insulation for electric wires and cables.

(ii) Polymerlzation of propene. Pollpropene
or polypropylene is prepared either by heatiag
proplyene in presence of a trace of benzoyl
peroxide as radical initiator or by Ziegler-Natta
polymerization.
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Pcroxidcs, A
rCH3-CH = CH2

Propene or Zeglcr-Natta calal)sl

I ctt, IItl
L-CHr-cH-.J ,

Pol)?ropcne

It is a harder and stronger polymer than
polythene and is used for making automotive
mouldings, seat covers, carpet fibres, ropes etc.,
containers for oils and gasoline.

(ii) Polymerization ofsubstituted ethenes. A
numbcr of poll.rners can be obtained by using sub-
stituted ethenes as monomers in place of cthene.
For example,

15.7.10. Uses of Alkenes
(i) Lower menbers of the family are used as

fuels and illuminants.
(ri) Alkenes and substituted alkenes upon

polymerization form a number of useful polyrrers
such as polythene, PVC, teflon, orlon etc.

(rx) Ethene is employed for the preparation
of ethyl alcohol and ethylene glycol (an ti-lreeze).

(iv) Ethylene is used for artificial ripening
green fruits.

(v) Ethylene is also used in orlgen-ethylene
flame for cutting and welding of metals.

I'AI,(1'-I I I

AI-KYI{ES
'15.8. Alkynes

A cyc li c un s d tu rat e d hy dro c atb ons c o n t a i n i n g a
carbon-carbon triple bond are called allqnes or
acetylenes. Ther general formula is C,Hr,_, where

n : 2,3,4.... etc.

15.E.1. Structure of alkynes

In alkynes, the two carbon atoms are linked by
a triple bond while the rcmaining carbons form
C-C and C-H, o bonds. The carbon-carbon
triple bond is made up of two weak z-bonds and
one strong o-bond. In all, ethyne has b- atd 2n-
bonds.

The carbon atoms forming a triple bond are
sp-hytrridized. Therefore, the portion of molecules
of all alkynes which is attached to carbon- carbon
tripfe bond is /inear in nqturc.

Pa
un
distance in acetylene is onty 1.2OA (120 pm). Since
the acetylene moleculeis Iinear, therefore, H-C-
C bond angle is of 180'.

18oo

The C = C has a bond strength of
823 kJ mol-l in ethyne. It is stronger than C : C
of ethenc (610 U mel-l) and C-C of erhanc
(37t) kJ mol-r).

Polymerisalion
(-cH, - cH-),

I

CI
Pofrvin ,l chloridc (PVC)

Polvmcrisation
n CH = CHz (-CH-CH2-),ttcoHs CeH,

Sq'rene pollst,.rcne

[-*'-::-).
Polr"cryionitrile (PAN)

Polyrnc risa tion
n CF2 = CF2 (-CF2 - CF2 -),

nCH2 = CH
I

CI
Chloncthcnc

(Wnll c oidt)

Polvmerizarion

I

CN
Acrylonitrile

(t4ny cfanidc)

Tetrdfluorcethene Polytcirafluorocthcnc
(PTFE, Tcflon)

Polyvinyl chloride (PVC) is used for making
plastic bottles, syringes, pipes, raincoats, records,
etc. Polyacrylonitrile is used for makirlgOrlon a]ILd,

acids and other chemicals.It is used in the manufac-
es. Because ofits great
hermal srability, tefl on
stick utensils. For this

purpose, a thin layer ofteflonis coated on the inner
side of the vessel.
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In spite of the presence of lwo n-bonds,

allEnes are less reactive tlutt alkenes lowards adtli'
tion rcqctions. Futllrc\ alk\nes uttlike alkenes do not
exhibit geometical isonteism due to their linear
sltucire.

15.E2. Nomenclature of AlkYnes

The IUPAC nomenclature ofalkynes has been

discussed ir detail in unit 14. Even then for the

purpose o[ recaptulation, the IUPAC naures of
some alkynes are given below :

cHr
I

CH3-C-C = CH C6H5-C = CH
3 - Methylbut- 1-)'ne Elhynylbcnzenc

CH,r1'r
I -CH-CHr-C = CH
CH{

3- CycloProPylProP- 1 -Yne

If both double and triple bonds are prescnt

and if there is a choice in numbering, the double

bond is always given preference. For example,

123456
CHr=611-6''-CH'-C=CH

Hex- 1-enc-5-Yne

However, if there is no choice in numbering

lowest set of locants rule is followed. For example,

54321
CH3-CH=CH-C=CH

Pent-3-cn-1-Yne (carecl)

12345
CH3-CH=CH-C=CH

Penl- 2- ene - 4-Yne (t'zronq)

15.E.3. Isomerism in AlkYtes

Alkynes show four tpes of isomerism as dis-

cussed below :

(,)
bers, i.e
But bu
isomeri
bond on the carbon chain. For example,

CH3-CH2-C=CH
But- I -Ync

CH3 - C=C- CH3
Bul-2-Fc

(ii) Chain isomedsm. Alkynes having hve or

more'carbon a(oms show chain isomerism due to

different structures of the carbon chain. For ex-

amplc,

CH3 - CH2 - CHz - C= CH
Pent- I -Yrle

CH:
4 31 2 |
CH3-CH-C=CH

3.Methylbu!- 1-Ync

(iii) Functional isomerism. Alkynes are func'
tional isomers of dienes, i. e., compounds containing
two double bonds. For examPle,

4321
CHr-CHr-C = CH

But-1-Ync

1234
CH2=CH-CH=CH2

Buta-1,3-dicne

1234
CHr=6=CH-CH3

But-1,2-diene

(iv) Ringchain lsomerism. Alkynes show ring
chain isomerism with cycloalkenes. For example,

CHr-C = CH and

ProPyne

are ring chain isomers.

15.t.4. Classilication of Alkynes

Alkynes are further classihed as terminal or
non-terminal allgmes accoding as the triplebond is

present at the end of the chain or within the chain'

For example,

Terminal alkynes :

CH3C = CH CH3CH2C = CH
Propync But- I -Ync

Non-terminal alkynes :

CHr-C = C-CH3 CH3-C = C-CHrCH,
But-2-ync Pcnt-2-Ync

1535. Methoils of Preparatlon of Allrynes

Alkynes are prepared by the following general

methods.

a \ t. ny tte action of water on crlclum carblde'

Ethvne (acetylene) is prepared in tbe laboratory as

weli as on commercial scale by the action of water

on calcium carbide.
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cac.2 +2H2o -- HC=CH +Ca(OH)2
Crtcium EthYne

cattridc (AcctYknc)

Calcium carbide needed for the purpose is
manufactured by heating limestone (calcium car-
bonate) with coke in an electric furnace at2275 K.

2n5K
CaCO, 

- 
CaO + CO,

2215 K
CaO*3C.--_-> CaQ + CO

Procrdurt. Lumps of calcium carbide are
placed on a layer of sand in a conical flask fitted with
a dropping funnel and a delivery tube (Fig. 15.18).
The oir preseru in the fiask is replaced by oil gas since
scetylene fom[ an qloive mifirn wilh arr Water is
now dropped from the dropping funnel and the
acetylene gas thus formed is coUected over waier.

ACETYLENE

CALCIUM
CARBIDE

ACIDIFIEO
CUSO.SOL.

BLEACHING POWOER
SUSPENSION

FIGIJRE 15.18. Laboratory preparati,on o{ acetl ene.

Purillcatlon. Acetylene gas prepared by the
above method contains impurities ofhydrogen strl-
phide and phosphine due to the contaminations of
calcium sulphide and calcium phosphide incalcium
carbide. Hydrogen sulphide is removed by bub-
bling the gas through an acidified solution of cop-
per sulphate while phosphine is removed by passing
the gas through a suspension of bleaching powder.
Pure acetylene is finally collected over water.

9(dy dehydrohalogenation of dihaloalkanes.
Alkynes are prepared by dehydrohalogenation of
wbnal-dihaloalkanes by heating them with an al-
coholic solution of potassium hydroxide. For ex-
ample,

CH2 - Br
I

CH2- Br
1, 2-Dibmmoethanc

BrCH2 - CH2BI + KOH (a/c.) --L"-
Ethylenc dibromidc

CH'=gg3t + KBr+H2O
Vin}l bromidc

CH, = 611- 3, + KOH (a/c.) --1.....'
CH = CH * KBr -l HrO

Acetylcnc

Instead of alcoholic potassium hydroxide,
sodamide iu liquid ammonia can also be used The
main advantage is that the yields are better since
there is less tendency to form by-products.

Liquid NH!
BrCH2 - CH2BI * 2NaNH, ----------------

l, 2-Dibrontoethanc. 196 K

CH=CH+2NaBr+2NH,
Ac.tylcnc

I-4uid NH3
+ 2NaNH2

196 K

A
+ ?KOH(olc.)

CH
lll
CH

Acctylcnc

The reaction, in facl, occurs in two steps and
under suitable conditions, the intermediate
product, vinyl bromide may be isolated.

+ 2KBr + 2rlro cH3-cH-cH2
ttBr Br

1,2-Dib rornopropaIlc

CH3-C: CH + 2NaBr +2NH,
Propyne

Al
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Alkynes can also be prepared by the aclion of
alcoholic potassium hydroxide on &m-dihalid€s.
For example,

KoH(drc.). A
cH3 - cHBr2 -'-:-'-; cH, = g11gt

l, l-Dibromoethanc -HBr Virryl bromidc

KoH(drc) 
' 
A 

cH = cH
, -HBr Acctylcnc

2 4 $? nv dehalogenatlon of tetrahalides.
Tbtrahaloalkanes when heated with zinc dust ir
methanol undergo dehalogenation to yield alkynes'

CHCOOK 1en1'6dq1 CHCOO-
ll .E ll +2 K+
CHCOOK CHCOO_
Pot. maleate

ZIJaO <- }OH- + 2}f+

Al dnode .

CHCOO-
ll -2e- """"'t
CHCOO-

H-C = C-H *ZZnBr,
AcetYIene

. ' V(By ilehalogenation of haloform. Chloro-
ioYm and iodoform on heating with silver powder
undergo dehalogenation to form ethyne.

A
cH 

i 
glc_L g.l_e. 

_1 _9.1i 
cH --

Chlorofolm

HC = CH + 6 AgCl
Ethync

For example,

Br Br
ll

H-C - C_H
llBr Br

l, 1, 2, 2-Tctrabromocthane

Pot, olaleate
(cls-isomcr)

cIITOH
+ ZZt a

A

Pot. funramtc
(faru'-isomer)

A

-'HC=CH+6AgIEthyne

\[

+2HzO

nrl \coor Kooc'/- \H /-1-----\ n
HC = C- Na+ + CH3CH2 r I

/=----\ But-lJ'ne

+2CO, +H, +2KOH /t -\ n
HC = C- Na+ + CH3CH2CHTI[1 

-r

Sod. acetylide Iodocthanc

HC=C-CHzCH3+NaI

Sod- accrylidc 1-Br0moprcpanc
(n-Propyl bromidt)

HC=C-CHTCHTCHT+ NaBr
Pent-l-yne

'-./too*

Ercctrolrrir CH', 
ilr
CH

AcctYlcnc

This reaction is called Kolbe's elcc"trolytic

rtactlon and is believed to occur by the following

stcps :

CH
lll + 2 co,
CH

Acetylenc

At cathode i

ZH+ + Ze_ _ IZ Hl .+ H2

. 6. Synthesis from carbon and hydrogen-
Berthelot Synthesls. Acetylene can be prepared by
passing a stream of hydrogen through an electric
arc struck between carbon electrodes.

Electric arc

,2C+H2 HC=CH
! 3270 K Acetylene

A 'k Smth..t, of higher atkynes from acety-
' Ienel{cerylene is first treated with sodium metal at

475 K or with sodamide io liquid ammonia at 196 K
to form sodium acetylide. This upon treatmentwith
alkyl halides givcs higher alkynes. For example,

Liq. NH3

HC=CH + NANH2
Erhyne l96K

(Acerylene)

\ HC=C-NA+ + NH3
_..------\ Sodiu acct lide. ''/. \/\r\

HC = C- Na+ + CHllBr
Sod acetylidc BroDomethane

HC=C-CH3 +NaBr
P'oP'de

fumaric acid. Thus,
H COOK\"/

lt
C

il
C



HYDROCAHBON 15149

2NaNH,
CH=CH i Na+C=CNa+
Acetyl€ne -2NHr Disodiumacetylide

2CH3I

CH3 - C=C-CHl
-2Nal Bur_2j,ne

15.E.6. Physical Properties of AIklnes

hybridized carbon atoms t.f a double bond, the
n-electrons of allcynes are more tightly held, by the
catbon atoms lhqn \t- electrons of alkenes andhence
are less easily available for reaction with
electrophiles. As o result, qllEnes are less reactivc
than olkenes towards electrophilic qddition reac-
tions.

(i) Physlcal state, The first three members of (i) Due to cylindrical nature ofthez-electron
this family (ethyne, proplne a-od butyne) are cloud of alkynes, tl are
colourless gases, the oext eight are liquidswhile the more delocglized th nd.
higher ones are solids. Lt other words, the one

(r'i) Smell.All the alkynes are odourless. How- l11s realill available for addition reactions than
ever, acetylene has garlic smell due to th" p."..n"a those of Che double-bond. Consequently albnes are
of phosphine as imfurity. ' less reactive than alkenes.

melting Allrynes

slightly tions ofalkyres
nesand are d
on that ions

because oflhe presence ofa tiple bond, alqmes have The electrophilic addition reactions oflinear structures and hence their m.olecales con be- uff.yr"r-ir*" ptu""in nro stages as shown beGw imore closely packed in the crystal la ice ascompared
to those of cinesponang oikenes ana aiii"i 

-' -- 
_C=C_ +.,.- + 

X\._-,- +Xz-
,\2 

- 
_..-L=L\.

Hydrocarbon EthaDe EtheDe EthyDe 'X
m.p.(K) 101 104 l9t X X
b.p.(K) 184.5 171 le8 I I

(iu) Solubility. Atkynes like alkanes and - C-C-
alkenis'being non- iolur a"e insoiuUte in water but I I

readily dissolve in organic solvents such as _ X x
petroleum ether, benzene, carbon tetrachloride - _. 

By a proper choice ofreaction conditions, the
etc. addltron can be stopped after the addition of ons

the ;illigh he
range0.69-O.77 g/cm3.

15.E.7. Reactivlty of allgnes versus alkenes

oz H -. -Cl o,

Ethyne CCl4 Cl-,/ \11 CCl4
totls-1,2_

Dichlorcethcnc

CI CItl
H-C-C-H

lt
. . .Q Pr" to greater electronegariviry of rp- r, r, z, z_rltlu"rCrl-"tr,n"hybridized carbon atoms ofa triple 5on d ihn" rpr- (tlLrton)
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When westron is heated with alcoholic KOH, it forms westrosol (1, 1, 2-trichloroetheDe)

cHc12

| + KOH 1a/c; ...-
cHch

1, 1, 2, 2-TetEchlorccthanc
(W?leon)

Both westron and westrosol ate used as solvents.

CCI,
ll - +KCl +H2O
CHCI

1, l, 2 -Trichlorocthcnc
(W?sttosoD

Brz CH3 \ .,.8r
CH.-C= CH ' C=C-

'rroorn" ccll Br / \H
Br Br

B.zll
cH3-c-c-H

ccr4 I I

Br Br
l, 1, 2, 2-TetrabromoProPane

Duing this reaction, the-Teddish brown colour
ol Blis deiolouised andlrcnce this reactiott is used

as a testior unsaturatiou, i.e., for double and triple
bonils.

The reaction of alkyenes with iodine is very

slow and stops after addition o[ one molecule of
iodine.

qHrOH | -'\ ,'H
HC=CH*lz 

- 

-C=C\t
,ra6- 1, 2-Iodocthene

Thus, the order of reactivity of halogens is :

HCI
HC=CH , CHZ=CHCI

E(hyne 1-Chlorcelhene
i (VinYt chtoik)

X HCr
cHr - cHCl2

Mark addn l l-Dichloroelhane
(Enll,l i dane di c h I oi de)

ug. cH3 '.-
CH3C = CH 

- ,, )a=' ,

cnr\c/
CHr'l \Br

2, 2- DibromoPropane

The order of reactivity of halogen acids is :

HI>HBr>HCl
Mechanism' lt ts al electroPhilic addition

reaction and occurs in two stag€s as discussed

below :

zz----.t slow +

stage t: HC i Cu + H+ 
- 

CH, = 611
Elhyn

t! .t, = t"'
Fast 1-g61otott6tn'

HBr

MsrL addrL

Stage II :

CHzjcucl+H+
Slow

cH3-cH-Cl
2' C-a6o.ation (l)

(rrcrr stablct

cH2-CH2CI
1" Carbocation (II)

(l*r stoblc)

For example,2-BrcmoPrcPcne

Ncal Coutse Clrerrt istrgl
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,* l:. ln case ol unsymmebical tetminql alkqes, qd-HC = CH + CI- ( )H . 
+ d ioi <tccurs in sccotdancewitlt Mqtkovnikov,s ntle.E(tryne I!?ochtorous acid 
d_ io, 

"ru_pt",

lct- cH = cn - onl jr-:l cH3- c = a, *'ri- 3, 
Hssoa' ti2soa

Propyne 333 K
(Teminal olkync) (Mo*. ad^4n.)

(Acetone)

,"i'l;l,fl-trffiii,*,
d+ d_ However, if the unsymmetrical alkyne is non-

Sim,arry,cH,-c=", ::":'1,','#JlililfrH1[*f&i?ffi,Jj,illi.1il,l.prcpyne Marls addn. For example,
6+ 6-

fcu.-c = arl d-6' , cH3cH2-c = c-cH: 
H2soy'H2so4

I I I I Mark addn. Pent-2-Yne 333 K 0
I oH ct I llL -'.' -' J .i. CH,CH,CH,_i_CH,

OH O '-Pentanone 
('nojor)

Iil*
CHj - C- CHCI2 ............- CH3-C-CHC|2 O

| - rLo r, l - Dichroropropanon" ll
OH 1a a-Dictrto cirone) CH3CH2-C-CH2CH3

(u^ttablc) 3-penLanone Qfliaot)
alkynes. ralic acids. Alkyncs add
alkenes ca ce oflewis acid catalyst

towards or esters. For example,
r dilute RF'

HrSOo has no effecl on carbon-carbon triple bond. R-C = CH + CHTCOO-H .......*
However, in presence of HgSon as catalyst, hydra- Alryne Aletic acid

OR
lll

CHr-C-O-C = CH,

when aceryrene * ,".l",i,Tll'l,lj._ "l'i,,"acid in presence of mercury salts, first vinyl acetate
and then vinylidene diacelate is formed.

H," '

HC = CH + CHICOO-H ---1.+
viny' alcohol Acetylene 353 K
(u,teabk) clllcoorl

Tautomerises ll viny' acctate H{*
CH3_C_H CH3_CH(OCOCH3)2

Elhanal
(Acctoldctyde) L, Elhylidene diacclate

\

I
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for manufacture of vinYl

resi , whon hoated raPidlY to

5'13 anhYdride and acetal-

dehyde.
-OCoCH,-/ " "-'-' 'r 513-613K

.'. CHi-CH\
,t, \()cocH3

r vinvlidene diacerale\-! (t";"lfl'o *^tl],"tTr?

anhldride

V(znaditinn of hydrogen cyanide' Acetylene

adds on hydrogcn cyanide in prescnce of
Ba(CN), or CuCl in HCI as catalyst to give vinyl

cyanide or acrylonitrile.
Ba(CI\),

HC=CH+HCN
AceMcne or CuCl/HCl

p1
Acrylonitrilc is widely used for manufacture

of orton fibres and syrtthetic rubber such as Euna i{
II. Nucleophlllc addltlon rcactlons

Step 1. ln the first step, a nucleophile attacks

one o[ the carbon atoms to form a vinyl cubanion'

z-\ n sbw
Nu:' + R-C: C-R' """',

o\. 
= a-

xt/ \n'
(A vinll coft@ion)

This step is slow and hence is the rate-deter-
mining step of the reaction.

Step 2. In the second step, the vinyl carbanioa

accepts i proton from the reagent to form the

addition product.

[>.=.c\I].
Fasl

CH, = CH-CN
vinr4 q{nide

orAcrylonitrilc

R"'- .,'H-c = C- + Nu:-
N,./ -'\R'

This step is fast and hcnce does not affect the

rate of the reaction.

Addition of methanol to acetylene occurs by

a nucleophilic actdition mechanism as discussed

below :

When acetylene is passed into methanol at

433 - 473 K in the presence of a small amount
(1-2%) of potassium methoxide under pressurc,

methyl vinyl ether is formed.

CH1O K 
,

HC=CH+CHlOH
Acetylene ' 433-4l3K

CH' = 911-gt''
Mcthylvinyl ether

Methyl vinyl ether is uscd for makingpolyvinyl
ether plastics.

Mechanism. It a tlpical example of it

nucleophilic addition reaction to alkynes and oc-

curs through the following two steps :

n /v\ ',*,step 1. HC + CH + CH3o- -'
es = cn-ocH,

st"pz.cn3&r#H = cH-ocH3 
F"':

CHr=CH-OCH3+CH3O-
' Methylviny' ethcr

III. Reduction of Allq'nes. Addition of
hydrogen to alkynes in presence of nickel at 523 -
573 gives alkanes.

Neta Course Chent i strtl
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Ni
HC = CH + H2---.........-. CH, = 911,Elhyne - s23-snK Erhcnc

__l'
sB-s; t11;"1",

Theheat ofhydrogeaation data reveal thatthe
first ste the second step,thereby are more readiiyreduced e easily explained

catahsr
HC - CH + H2 ----i--r HrC = CHr,

AH. = _176 U mol-r
Catahst

H2C = CH. + H, -----:.. CH3-CH3;

AH. = _ 138 kJ mol-r
On the basis of greater reactivity ol allcynes

toward.s nucleophiles, electons being negaiively
chstged are transferted to allEnes mon rcadily thai
to alkenes.

Thus, it is possible to stop the reaction at tbe
alkene stage by using specfic catalysts such as
Lindlar's catalyst,i.e., Pd supported ovir CaCO, or
BaSOo arrd partially poisoned by addition of sul_
phur or quinoline.

CH3-C=C-CH3 + H2
Bur-2?ne

Pd./Basoa +S or quinotin" CHr \ .ZCHt---______ 
_\, = (-(Lindlat\ caralfst) Hz/- \ft

cit-But-2--€tre
In con

reductlon of
liquid NH, a

CH3-C=C-CH:
But-2-yne

(l) Na,/Liq. NHr , 196-200 K CH3 
\

Mechanism. Chemical reduction is believed
to occur through two electron transfers and two
proton transfers as shown below :

- nnr'-'l ..1,-\4r,
R-C+C-R+ l Na....-" R_C = C_R _--_._...

- NHz

./H
,C=C

H-/- -Cr,
tai$-E Dt-Z-1nc

trrrAr - AlkeDe

to the
ians_
being

Mxidation Reactions of Alkynes

_.-, Oxidation of alkpes can be carried out under
ditterent conditions to form d.iflereot products.

1. Oxidation with air- Combustion

. W-hen heated in air, alkynes undergo combus-
tioo to form CO2 and HrO accompanieJ byrelease
of large amount of heat and light energy.

2 CH = CH + 5 O, -....r zt gg, + ZH|O ;
Acctylenc

AH = _ 1300 kJ mol-l

r{Oxlrtatlon wtth cold dllute potassium 1rcr-manganate

.. .AJkynes are readily oxidised by coltl dilute
alkaline KMnOo solution to give c-di&rUoryf *rn_
pounds_, i.e. l, 2-dia.ldehydes, t, 2-diketones 2_

9I:1"'d.. oI l, 2-dioic acids depending upon l.he
nature ot alkyEe.

(,i) Ethanol
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It may be noted here lhatin case of terminsl'
alkytes, = CH part is oxidised to - COOH group

while in casc of nonlerminal oll<ynes, = CR part is

oxidised to R -C = o group. For example'

I

KMnOa , H2o

CH,-C=CH+3[Ol"^ zg8-lo3 K
rropyne

lol .cHsCooH + coz
Acetic acid

For example, acetylene gives CO, and HrO

while propyne gives acetic acid and CO2'

4\

CH3-C = C-CH3 + 2lol
But-2-yne

cH3-c - c-cH3

3[
Butanc-2' :Hionc

Acctvlenc. however, under these conditions
give" oxalic acid probably due to further oxidaLion

of the initially formed glYoxal. -CH x.n,rno, , uro I cH=ol
lil + 2lol "-"*ll 

ICn 2e8- '3K L 
cH=o.l

Acctylene Ethane-1,2-dial
(ctYa D

COOH
I

COOH
Ethanc-l. 2-dioic acid

(Oxalic ocid)

-8L 2co2 + Hzo

KMnoa , KOH

CH,-C=CH + 4[Ol
"- 373-383 K
rroPYne

cH3cooH + co2
Ethanoic acid

h co:nttast, nonleminal allqnes on oidation
with hot KMnOa solution give only carborylic acids'

For example,
KMnOn 

' 
KOH

CH.-C = C-CH1 +4lol
' Bo,-2-*" 373-383 K

cH3cooH + HOOCCH3
Acelic acid (2 moleculc!)

CH3CH2-C=C-CH3 +4[ol
Pent-2-JDe

KMnO4 , KOH
CH3CH2COOH + HOOCCH3

373-383 K propanoic acrd Ethanoic acid

Thns,by identifying lhe Prcducts lomted duing
ul*aline KiVio oatiiation, iiis possibleto futennine

the posiion of the tiPle bond in an all<ync nrclecule'

4. Oxidation with ozone.
Atknnes react with ozone in presencc o[ some

inert solvents such as CHrC[2, CHCI, or CClo at

low temDerature (196 - 200 K) to form ozonides'

if,.t. oio.ia"" o" decomposition with Zn dust and

*rt"r oiftrzfa 1r, tluctivi cleavage) give 1,2-dicar-

bonyl compounds. For examPle,

orlcH'Lt2 l'r
Ethyne 19G2oo K I Io-o

Ethyne monide

' 7-n/Hro
H-C-C-H

-z^o ll ll
Qeductive cleavoge) O O

1,2-Ethanedial
(cly*oD

KMnoa, Hzo

298-303 K

+ 2[ol

(oaidation)

Durins this reacliol, the pink colanr ol the

KMnOn silution k discharyetl otd o bmwn

Drccipitale of manganese dioxide is obnhed' This

i"ariton *, iher4ie, used as a test lor unsatarulio't

wtder the natne Baey€trs tcsL

ff
C=C bond leading to the formation of carborylic

ocids and carbon Jioxide depending upon thc na-

ture of the aLlgme. In general,

= CH is uidised to COraail HrO and

= CR b rxidised to RCOOH

tcmrinal nlkcn.s and l.rmhol alkyncs
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o/cHzct2
CH3-C = CH

Proplne 196-2ffiK

Zn/HzO

-ZnO
Qadacite cleavagc)

o
-,- \cH3- c- cHlto_o

Propyne ozonide
Zt/H2O

cH3 _ c_ c_H

6"a,"i2f*,s1 J A
2-Oxoprcpanal

o./cH,ct,

But-2-yne 195-200 K
-o.

cH3 _ c- c_ cH3tl
But_2_yne ozonide

cH3-c-c-cHl
ll iloo

Butanc-2, 3-dione

1,3,5 -Trirlrethylbcnzcnc
(Mesityene)

(b) In presence of nickel cyanide as catalysl
aud under high pressure, four molecules 

'of
acetyleoe combine to form a tetramer called
cycloocla-1, 3, 5, hetraene.

CH=CH\_z

CH,CH,

cH)
lll/
CH

/'.i.,
Acetjrlene

(4 molecutes)

Y Polymerization Reactions of Alhmes

undergo
p

;, Eh red hot

I HC\
HC ) (\"
lll-" !_,

\[
L\

O
Benzene

Acetylenc
(3 molecules)

Similarly, propyne fi'merlses under similar
conditioos to tormmesitylene (1, 3, S-timethytben-
zene).

flt
C

CH
ltscH

CH
Crtloocta - I

CH
I
CH

=CH
,3,5,7-tetraene

Red hot

Fe tubeHCH

cHs
I

2 H-C=C-H
Acetylene

\/'c./ Id"\ I
.CH

Proplne
(3 motecules)

Red hot

Fe lube

CH=CH\

(c) However, in presence of CuCVIrlHoCl,
acelylene frsl gives vinylacetylene and then
d i v iny I ac e ty len e. Thts,

CUCYNHaCI
............... H-C=C_CH=CHz

Vinylacet 
'lene

HC = Ctl

_--- _- l- HrC= CH - C=C - CH = CHzcuCl,/NIIlCI Divinytacetylene

Vinylacetylene is widely used in the manufac-
ture_of chloroprene which is the startiDg material
for (he synlhetic rubber neoprene.

Mark.
CH2=CH-C=CH + HCt 

-
Vmylacei)4ene addition

CI

I

CHz=CH-C=CH2
Chloroprene

- (d) Under suitable conditions, polyrnerization
of. acetylene produces the linear potymer
polyacetylene. It is a high molecular weight 

-con_

CH:
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p

jugated polyene cotrtaining the tePeating unit (-
"cH 

= cit-cH = cH-),. Under propercondi'

rions, this material conducts electricity. Thin filrns
of Dolvucctvlene can be used as electrodes in bat-
t.ri".. Furih.. since polyacetylenes have much
higher conductance that metal conductors, these

can be used to prePare lighter and cheapter bat-
teries.

Vl. lsomerlzation of allrYnes.

When alkynes are heated with NaNH, in an

inert solvent, they undergo isomerization, i.e.,2-
alkynes isomerize to 1- alkynes and vice versa.

NaNH, in

CH,C=CCH, CH,CH,C=CH
Rut-2-rnc incrt solvcnt, hcat But-l-yne

NaNHz in

CH,CH2C=CH CH3C=CCH3
But-l-ync inen solvcnt, hcat But-2-ync

15.t.9. Acidic character of Allqnes

Unlike alkanes and alkenes, the hydrogen
atoms attached to the triplebond of the alkynes, i.e.,

acetylenic hydrogens are acidic in nature. This is
shown by the following three reactions :

(i\ Formation olalkali metal acetylides. Elhyne
and other terminal alliynes (alkynes in which the

of the chain) or 1-alkynes
uch as sodiummetal at 475

ammonia at 196 K to form
sodium acetylides with evolution of H, gas.

415 R
zHC = CH +2Na 

'- -' 
2CH = C- Na+ + H2

Cu+ ions. For example, when treated with am-

moniacal silver nitrate solution (Tollens' reagent),

alkynes form white precipitate of silver acetylidos,

CH = CH + 2tAg(NH3),lrOH-
Ethyne Tolleos reagent

--"'-- AgC = CAg + 2H2o + 4NH3
Silveracetylide

(WhiE ppl)

R-C=CH + [Ag (NH3)21+ OH-
(Tennialollqne) Tollens'reagent

, R-C = C - Ag + H2O + 2NH3
Sllver alkynide

(White PPt.)

Similarly, with ammoniacal cuprous chloride
solutiou, terminal alkynes form red ppt. of coppcr
acetylides.

HC = cH + 2lcu(NH3)21+ oH- )
Ethyne

cuc=ccu + 2H2O+ 4NH3
Coppe! acctylide

(Red ppt.\

R - C = CH + [Cu(NH3)2]* OH- --""""*
(Tenninol alktne)

R-C = C-Cu + H2O + 2NH3
Coppcr alkynidc

(Red PPL)

Unlike alkali metal acetylides, silver and cop-
per acetylides are not decomposed by water. They
ian, however, be decomposed with dilute mineral
acids to regenerate the original alkynes.

AgC = CAg + 2HNO3 +HC = CH
Silver acetylide Acetylclre

+ 2AgNO3

CuC = CCu +ZHCI """- HC = CH + 2CuCl
Coppcr acctylidc Accq/lcnc

Dry
HC=CH + RMgX
Acctylcnc Grignad rcagcnt cther

HC = CMgX + RH
Acetylenic Alkane

Grignard rcagent

Dry
+ RMgX -'-""""'

ether

R'-C: CMgX + RH
Allgrlyl

G gnard rcagent

Ethyne
(Aceq,lene)

R-C = CH +
(Ateminol allqnc)

Sodium acetyllde

Liq NHl
NaNH2 -"..............-

196 K

R-C = C- Na+ + NH,
(An oc.tYlidt)

During these reactious, the acetylenic

hydrogen ii removed as a proton to form stable

c a rb ani on s (acetylide iorc).
Sodium acetylide is decomposed by water

s that waler is a
thus displaces

HC = C- Na+ +HrO """"-"' HC=CH+NaOH
Acet 4.nc

(tl) des'

Acetyleni be

replaced and

R'-C = CH
Terminal alkyne

Neqt Course Chemiswqtfrfi[$
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Alkynyl Grignard reagents like usual Grig-
nard reagents can be used to prepare a variety of
organic compounds.

Imporlance.'[lhe formation of metal acetylides
can be used :

(i) for separation and purification of termio al
alkynes from lon-terminal alklnes, alkanes and
alkenes.

(ii) to distinguish terminal allrynes from non-
terminal a$mes or alkenes.

Caus€ ot Acidity of Alkynes. The acidity of
alkynes can be explained in terms of the sp-
hybridization of a triply bonded carbon. We know
that an electron in an s-orbital is more tightly held
than in ap-orbital since s- electrons are closer to
Ihe nucleus. Further, since an sp- orbital bas more
s-character than ar sp2-or an sp3-orbital, Iherefore,

carbon atom. Due to this geater electronegativity,
the electrons of C-H bond are displaced more

towards
atorD- In
tighdy h
removed
sequently, alkllnes behave as acids.

Further, since the s-character decteases as we
move from sp- lo spz- to spr-carbon atoms, the
acidic character of hy&ocarbons decreases in the
following order :

CH=CH > CH, = 911, >CH3 - CH3

K, = tO-zt Ks = 10-35 IL = tO-ro

It may be noted here that hydrocarbons are
Yery weak acids as compared to
H2o (K. - 10-11), alcohols

(IL = 10-16 - 10-rt) and carborylic acids
(K, = m-). For example, ethpe (acetylene) is

10E0 times and ethanc is about 105 times less acidic
than ethanoic acid.

ADriE,.!fi..o, rYO U R iKiN

Relative ocidities ofwster, alcoholg acetylene, ammo[io and olkanes can be determined as follows:
(a) NaNH2 reacts wirh acetylene ro form sodium ac€tylide and NH3. since I stronger acid displaces a weaker
acid from its salts, thercfore, acetylene is a ltonger and. than NH,

HC = CH + NaNH2* HC=C-Na++ NH:
(storyo acid) (weoket acid,1

(r) since lithiuor alkyls (RLi) react with anrmonia ro form alkan es, rhercforc, ommonid is a sioaget ocid thon
a lrydrocafion (RH)

NH, +RLi -... R_H + LINH2
(stronget acitr1 (weak t ocid)

(c) Sioce H2O and alcohols decompose sodium acetylide ro give back acetylene, there fore, $)oter snd alcohob
are sffonger ocids than acetylene

HC = C-Na+ + HrO HC = CH +NaOH
(snonger acid) Qreokrr acid)

HC =C-Na+ + ROH HC = CH +RONa
(stongdaeid) (wco*aacidl

(d) sinc€ H2o decompGessodium alkoxides to form alcohols, thercforc,w er it o saprgetrcid hatalcohdt.
RONa + H2O ROH + NaOH

<snonto acid) @eakr acid)

combining alr tbc facts stated above, the relative acidities of these compouDds folow the order:
HzO > ROH > tIC= CH > NHt > RH

Conversely, the relative basicities follow the order : R- > NHr- > HC = C- > RO- > HO-
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15.t.10. Uses of Alkynes

(i) Acetylene and its derivatives are widely
used in synthetic organic chemistry for synthesis of
crs- and nans-alkenes, methyl ketones etc.

(d) Oxyaceflene flame is used for cutting and
welding of metals.

(iii) Acctylene is used as illuminant in
hawker's tamp and in light houses.

(rv) Acetylene is used for ripening of fruits and
vegetables.

(v) Acetylene is used for manufacture of ethyl
alcohol, acetaldehyde, acetic acid, vinyl plastics,

synthetic rubbers such as &rnc N and synthetic
fibres such as Orlon.

PART_ry

DIENES

1 5,9. D iene8 illj:,,ji;.ii..:jiii.+ij::tijiii:.iijiji:ilii:!:::Li:i::t;;atl:iii:.:I:jji:i:i: i:iir;ili:i:

Unsaturated hydrocarbons conaaining lwo
double bonils are called alkadienes or slmply
dlenes. Their general formula is C, Hr-2 and

hencc they are isomeric with alkynes. However,
their propertics are quite different from those of
dkyncs.

15.9.1. Classllicatlon of Dienes

Depending upon the relative positions of the

rwo double-bonds, dienes are classihed into three
categories :

1, Isolatcd dlenes, Dienes in which the two

double bonds ore separated by more than one
single bond are called lsolated dienes. For ex-

ample,

12345
CHz=CH-ClIz-CH=CHz

pclta-1,4-dicne

123456
CHz=CH - CHz-CH2 - CH=CH,

Hcrd-1,5-dicnc

2. CodugEted dietes, Dienes in which lhe

two double bonils are separaled by one single bond
or dienes which contain altemate single and
double bonds are called coniugated dleoes' For
example,

1234
CHz=CH_CH=CH2
Buta-1,3-diene

54321
CH3 - CH =CH - CH= CH,

Pcnta-1,3-dicne

3, Allenes or cumulenes. Dienes cottainin|the
cumltlaled rystem of double bonds, i.e-, double
bonds befireen successive cqtbon atoms are called
allenes or cumulenes. For example,

23
CHr=C=Q|1,
Propa - [,2-dicnc

Ullarc)
't2345
CH.CH=C=CH - CH,

Pcnta-2,3-dicne
(Dimethylollene)

15.92. Relative Stabilities of Dien€s

Heats of hydrogenation can be used to
determhe the relative stabilities of disnes. We
know that alkenes with similar structures have
approx. the same value of heat of hydrogenation.
For mono substituted alkenes (RCH=CHr), it is
approx. 125 4 kJ/mole, for disubstituted alkenes,
(RCH = CHR or RrC=CHr), it is about 117'1

kJ/mole and for trisubstituted alkenes
(RrC=CHR), it is about 112'9 kJ/mole. For a

compound having more than one double bond, it
is reasonable to expect a heat of hydrogenation
which is the sum of the heat of hydrogenation of
the individual double bonds. Let us consider, the
heats of hydrogenation of 1, 3-pentadiene (a con-
jugated diene) and 1, 4-pentadien.e (an isolated
diene).

cH2=cHCH=qHCH3+2H2i
Pcnta-1.3-diene

cH3cH2cHzcH2CH3 ;

rr-Pcntanc

Found: LH = -2i 2H mol-l

Calculated : LH = (177 .l + l?5'4)

= - 242 5k1 mol-1
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cHr=c11- ggraI{=cHz + 2Hz
Ni

Penta-1,4-diene

cH3cHzcH2cH2cH3
,,-pentan€

Foruttl: AH = - 254.2 kJ mol-l
Cqlculated I LH= - 2 x 125.4

= - 250.8 kJ mol-l
Both these dienes give the same alkane, i.e.,n-

pentane oD hydrogenation but their heats oI
hydrogenation are different, penta-1, 3-diene evol-
ves about 28 kJ per mole of heat less than penta-l,
4-diene. This suggests that the conjugated diene,
penta-'1, 3-diene contains less energy than the iso-
lated diene, penta- 1, 4-diene. In other words,pento-
l, 3-diene is nnre stdble than pentq-|, Adiene by
obot 28 Abnk. Similarly, the observed heat of
hydrogenation of buta-l, 3-diene is about 12.5
kJ/molc less than the calculated value.

Sintilur studies with other dienes sugesl thot
conjugated dienes ore morc stable thon the isol(rted
dienes.

In contra^st, allenes or 1, 2-alkadienes are far
less stable than 1,3or 1, zl-alkadieoes. For example,
heat of hydrogenation of l, 2-propadiene is 298.3
kJ mol-f as compared to 226.2 kJ mol-l for l,
3-pe adiene aod 250.8 kJ mol-l for 1, 4-pen-
tadiene. Thus, in general, the stability of alkadienes
follows the order :

Conjugated dienes > Isolated dienes >
Cumulated dienes.

Explanation tor grneater stability of con-
jugated dienes. The extra stability of conjugated
dienes over isolated dicnes can be explained in
term"s of (i) obitol saucture arLd (ii) resonance
theory.

(i) Orbital structure. Consider buta-l, 3-
diene as a tlpical example of a conjugated diene.

1234
CH2=CH-CH=CH2

Buts-1,3-dicnc

Each carbon atom in buta-l, 3-diene is spz-
hybridized and forms tkee o-bonds. Each terminal

FIGURE 15.19, Orbitaj prcture of buta-l, 3diene.
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carbon atom (C, and Co) forms two sp2- s, C-H,

o-bonds and one sp2-spL, C-C, o-bond but each of
the middle carbon atoms (C, and C) forms two

spz- spz, c-c, o-bonds and one sp2- s, C-H bond.
As a result, each carbon is now left with an un-
hybridized p-orbital (Fig. 15.19 a). The sideways
overlapping of the twop-orbitals on C, and Q and

those on C3 and Ca form two localized fi'orbitals
(Fig. 1s.le b).

Now if all the four carbon atoms and the six

hydrogen atom-s lie there
can alio be a certain en the
p-orbitals ou Q and thez-
electrons can move to a limited eKent over all the
four carbon atoms (Fig. 15.19 d). In other words,
the n- electrons of buta-L, 3'diene are somewhat
delocslized as shown in Fig. 1 5. 19 e. This delocaliza'
tion of n-electrcns impafts ertra stability to buta-|'
3-diene and olher coniuEated dienes since each poir
oI tuelectrons is ottracted by four rulher lhon beo

carbon atorns. On the other hasd, in isolated dienes
(Fig. 15.19/), each pair of n 'electrons is attracted
by only two carbon atoms, i.e., there is no
delocalization of z-electrons.

FIGURE 15.19f. The r-electrorls of the two double
bonds ln pmta-l, 4dl€ne are localized ln tw'o

lndMdual dorble bonds (i.e. C1-C2 and Ca-C5)

and thus are not delocallzed or,rcr the enthe molecule

(rj) Rcsonance theorf,. Buta-l, Idiene can be

,egarded a as resotrance hybrid of the following
structures :

cnr4ilcHAH2 
-I

+_-+
CHr- CH=CH - CH2 " CH2-CH=CH-CHz- II III

Due to the contributions of structures (II and

III), it is ergected that C1-C2 and Q-Co double

bonds of butadiene should have some single bond

character and Cr-Q single bond should have

some double bond character, This has indeed been
found to be so. The C1-C2 and Q-Co double

bonds of butadiene are slightly longer (1'10 pm) a^s

compared to the typical carbon-carbon double
bond length of 134 pm in ethyleae. Similarly,
Cr- C, single bond of butadiene is slightly shorter

(1.16 pm) as compared to the typical carbon-carbon
single bond length of 154 pm in ethane.

15.93. Chcmlcal Rcactions of Dlenes

The chemical reactions ofisolated dienes are
exactly similar to those of simple alkenes since two
double bonds react indePendently as if they were
present in different molecules. However, the
chemical properties of conjugated dienes are
somewhat modified due to the mutual interaction
of the two double bonds. Some of the imPortant
chemical reactions of conjugated dienes are dis-
cussed below with particular reference to 1,3-
butadiene.

l. Electrophlle adilition to coniugated dlenes.
(i) Addifion of halogens. Conjugated dienes such
as 1, 3-butadiene, when treated with 1 mole of
bromine give a mixture oI l, 2-and 1' *addition
ptoducts. Yery often, 1, +addition product is the
major one. Thus,

1234
CH2=CH - CH=CH2

Buta-1,3-dicnc

ll
CH2-CH=CH-CH2
4321

1, 4-DibDno but-2-cnc
(1, 4 -olruiln pod/.r)

ll
CH2-CH-CH=CH,
4321
3,4-Dibromo but-l-cnc

Q,2-ouilionWduct)

Br

Mechanlsm. Like the addition of bromine to
simple alkenes, addition of bromine to buta'l, 3-

diene also occurs by a two'step mechanism :

Step 1. In the first step, the bromonium ion,
Br+ (electrophile) adds to the terminal carbon atom
of buta-1, 3-diene forming the more stable 2" car-

bocation. Addition to second carbon simply does

nol occur since it gives the less stable 1' carboca-

tion.



HYDROCAHBON

fcHr=cu-ss4ss, a
I t, a-euooiene

ft
-LB

15/61

(ii) Addltion of halogen acids. Like halogens,
halogen acids (HCl, HBr and HI) also react with
buta-l,3-diene to give a mixture of 1,2-and 1,
zl-addition products :

CHz=CH - CH= CH2+ HBr .------

Buta-1,3-dienc

HBTHBT
tttl
CH2- CH-CH=CH2 + CH2-CH=CH-CH2
3-Bromo-l -butene 1-Bromo-2-butcnc

(1, 2-Additol) (1,4 -AMtion)

This intermediate carbocation is ollylic in na-
,ure and hence can be regarded as a resonance
hybrid of two equivalent structures (I and II) :

CHrlgg \ g, - CH2Br .---------

4321
+
CH, - CH= CH - CHrBr43r1 

'

- cHrBr
Resonance hlt!rid

Step 2. Since in the resonance hybrid, the
positive charge is almost equally distributed bet-
ween carbon atoms as indicated in I and II, the
attack ofbromide ion can occur on either of these.
If the attack occurs on q, 1, 2-addition product
results and if it occurs on Co, 1, ,l-addition product

is formed as shown below :

/-----------\*
Br- + CH2 = CH-CH-CHzBr """'r

4321
I

tl
CH' = Cg-.,'-..''

1,2-Addition product

Br- + CH2 - CH=CH - CH2Br +
4321

IT

Br Br
ll
CH, - CH= CH - CH,

1.4-Addition product

CHr=CH-CH=CH, + Br - CCI,
Buta- l,3-diene Brcmotri-

chloromethanc

+
CHr= Q|1- 611- aHrBr * Br-

I

Br Br

Mechanlsm. Mechanism of additioa of HBr
to 1, 3-butadiene is sinilar to that of the addition of
Br, as discussed ibove.

Step 1. HBr ------+ H+ + Br-

Slow
CH2=CH-CHJCH2 + H+ ---.
I . 3-BI.TTADIENE

cHrG 3H - SH3.-.....-AH2 - cH=cH - cHg
III

/t------.--..r+ Fast
Step 2. Br- + CH2=eH-qH-CH3 """'r

Br
I

CH'=CH-gH-tH3

,--\+ FaEt
Br- +CH2-CH=CH-CH, -------r

n
Br-CHr-CH=CH-CIl,

2. trlee radical additions. Like electrophilic
additions, conj,rgated dienes also undergo free
radical addition reactions to give a mixture of 1, 2-
and 1, 4-addition products. For example,

54
Cl3C-CHz-CH-CH=CHz

3 _Bromo-5, 5, 5 - trichloropeot - 1-ene
(7,2-Addition)

54321,
Cl3C-CHr-CH=CHCHTBT

1-Bromo-5, 5. 5-tri(hloro
p€nt-2-ene (1, 4-Addition)

Br
3l z t
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Mechanlsm.The reaction is believed to occur
by a free radical mechanism by the following steps :

A

A,'.^
(ri) C6H5 + BrttCCl. --->

l<-\ + ,--llcH ) / cH-cHo
\.-" -/ Ptoo-2-cn-t-al\ Cnl itna"al
Bura-1,3-dicnc

A

4. Realuctlon. Catalytic hydrogenation of con-
jugated dienes gives a mixture of 1, 2- and 1, 4-ad-
dition products with the 1, ,l- addition product
predominating.

Hy'Ni
CHr=CH-CH=CHz 

-
Buta-1,3-dicne

HHtt
CH2-CH-CH=CH,

But-1-enc (minot)

HH
II

+ CHr-CH=CH-CH,
Bnl-2-cne (moiot)

However, the chemical reduction of 1,3-
butadiene with sodium/alcohol gives mainly the l,
4-addition product, i.e.,b!t-Z-ene.

Na/alcohol
CH2=CH-CH=CH2 

-

1.3-Butadicnc

CH, - CH= CH - CH.
But-2-cne

step l. (i) c6Hsco - $Jb - coc6H5
Bcnzoyl pcroridc

C6H5-CO-O --"-- C6Hi + CO2

Benzoyl radical Phenyl
radical

Bromolri-
chloronrcthane

C6Ho-Br
Bronro-
benzene

+ ccl3
Trichloronrethyl

radical

Step 2. The CCl, radical thus produced adds

to buta-l., 3-dicne. The addition to one of the ter-
minal carbon atoms is preferred since it yields the
resonance stabilized allyl radical.

Any'^.
CHr=C6-gg:"H2 * CCl, --'+

CH'=CH-6"''-ttt',0
CH2- CH=CH-CH2 -CCl3

II
Step 3. The allyl radical formed in step 2 then

abstracts a bromine atom from BrCCl, to complete

the addition. In doing so, it generates a new 'CCl3

radical which propagates the chain. If the addition
occurs at Q, 1, 2- addition product results and if the

addition occurs at C., 1,,|-addition product is

formed. __,--\( \nn'
CHr= gg - qg - CH2CCI3 +-Br :L CCl3-

I
Bt
I

CHz=CH- CHCHzCCI3 + 'CCll
3-Bromo-4- trichloromcthyl -

but-l_cne

3. Dlels-Aldcr reactlon-[4 * 2]-C]cloadtli-
tion rcactlons. One of the most important reactions
of conjugated dienes is the Dtelr-,'l lder reaction. lt
involves the concerted addition of a diene (4n-
electron system) to a dienophlle (zr- electron sys-

tem) to form a six-membered cyclic alkeoe.
Dienophiles are usually ethylenic or acetylenic

compounds containing electron-withdrawing
groups. In other words, dienophiles arc a,p-tn-
saturated acids, esters, anhydrides, aldehydes,
ketooes, nitriles and nitro compounds.

These reactions are also commonly referred
to as [4 + 2]-cycloaddition reactions since they
involve the addition of a 4z- electron system to a

2rr-electron system. Diels-Alder reactions normally
do not require any catalysts and generally occur on
heating. Thus,

5

-------lll,--:,,i- cgo
Cyrlohix-3-cne-

1-carbaldehyde

5

j$.*
C)'clohex-3-

ene- I -
carbonitrile
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Under these conditioDs the isolated double
bonds are not reduced. This suggesls that dienes
are much more reactive than simple alkenes.

5. Polymcrlzatlon. Like substituted alkenes,
conjugated dienes also undergo free radical
polymerization reactions.

It generally occurs by 1, tl-addition and is
carried out is preseoce of peroxides. For example,

Pcrqidc.
,r CH2=CH-CH=CHz 

-

Buta-1,3-dicnc

(-CH2-CH=CH-CHz-)n
PolFuradicnc

Since each repeatirg unit ia polybutadiene
contains a double bond, it may have either cir or
rrans-configuration. Actually the polybutadiene
polymer obtained by free-radical pol),merisation
ha"s rrans-conf iguration.

$irnilarly sub's1i1u1sd dienes aLso undergo free
radical polymerization mosdy by 1, ,l-addition
giving mainly the all rraas-polym.er. For example,

CH:
I P"r*ia."

CH2=C-Ql{=911,
2-Mcrhy'buta-1, 3-dicic

(&pap)

PART_V

ARENES

H)'drocorbons qnd lheir allEl, alkenyl and
all<ynyl deivativet which contain one or more ben-
zene ings either fused or isolated in their molecules
qre called aromatic hydrocarbons. Ttey are also
called arenes (aromatic alkenes), Further, since
these compounds resemblebenzene in almost allof
their properties, they are also called benzenold
compounds.

15.10.1. Classlllcatlon and Nomenclature o[
Ar€nes

Arenes are further classified into different
series depending upon thc number of fused ben-
zene rings present in their molecules. Their general
formula is C,Hzn-rrn where r is the number of
carbon atoms and m is the number of rings. For
monocyclic arenes, rt = 1 and z = 6, or more,
Examples are :

l,2-Dimcthyl-
bcnzcnc

(o-Xylmc)

CH: - CH:

1, 4-Dimcthylbcnzenc
(!-Xylarc)

[sopropjdbcnze ne
(Cutnotc)

For bicyclic arenes, r, = 10 and z = 2. The
first member of this series is the well known naph-
thalene which is used in the form of mothballs as a
moth repellent for clothes. For tricyclic arenes, n =
74 and m = 3. The first member of this series Ls

anthracene or phenanthrene.

cHr

+
CH: Et

O
Bcnzcne

M

cHr
1, zcnc

-CH

d

cH,

#'"'
Major producr

AII traru - polyisoprc nc
(Gutto pcrcha)

Like isoprene, chloroprene can also be
polymerized under free radical conditions to give
neoprene.

CI
I Peroxidcs

CHz=C - CH =CH z'--------------'
2- Chlorobuta- 1, 3-diene

(Chlotoprurc)

lctlIrl
L_cHr_ 

c=cH_ cHr_1,
Polychloroprcne

(Ncoptcne)

Neoprene is an important substitute for
natural rubber and is superior to natural rubber in
being more resistant to oil, gasoline and other or-
ganic solvents.
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Phenanthrene

Some arenes may contain two or more iso-
lated rings. For example,

1, 2, 3 -Trimcthribcnzcnc
CH,

1, 2, 4 -Trimethylbenzene

U d.
CH:

CH:
1,2-Dimcthylbcnzene

or o-Dimcth,,lbcnzcne
or o-Xylcnc

1,3-Dimcthtlbenz€ne
or mrDimelhylbenzene
orm-Xylenc

CH:
1, ,l-Dimcthylbenz.nc

orp-Dimethylbenzene orP-Xylenc

Diphenyl Diphe0ylmethaoe

H
15.102. Isomerlsm ln ar€ncs
Arenes show position isomerism as discussed

below :

Benzeneis asymmetricalmolecule.Thereforg the
replacement of one h$rogen atom of beruaneby arry

substituent will giw only a single producl Thug mona
sttbstittttion podrca af beruene do na shott, bomerism.
However, when two hydrogen atorns ofbenzene ring are
replaced by two same or different substituenq dree
isomers are pmsible which differ in the psition of
substituents Th[s\ di-stlbstthltion pnAfis oI benzene

si.uw position ixtnobm. Thsse three isomers are called
ortho (o-), maa Qn-) ndpaa @-) according as

the relatire positions of the two sub6tituents arc 1.2 i"L,
3- and 1, ,[respecively. Thug the three pcition isomers
of dimethylbeuene or rylene zre :

Besides, the three dimethylbenzenes, the
fourth isomer, ethylbenzene is also known.

Similarly three position isomers of trimethyl-
benzene are

cH.

.,"4",,
1, 3, 5-Trimcthylbenzene

(M?sitylcnc)

If the number of substituents increases in the ben-
zene ring the number of position isomers also goes up.

ln case ofbicyclic arenes such as naphthalene,
even monosubstituted compounds show position
isomerism. For example,

cH.d e#*'
1-Mcthylnaphthalcnc 2-Mclhylnaphthalene

Wrth higher arenes, the number ofpossible posi
tion isomers also increases. Tiiphenylmethane

15.103. Source of Aromatic lfydrocarbons
Coal and petroleum are the two major sources

of aromatic hydrocarbons. Uptil L950, coal was the
only source of aromatic hydrocarbons but these
days aromiltic hydrocarbons are mostly obtained
from petroleum.

1. Aromatic hydrocarbons from coal

Aromatic hydrocarbons are obtained by
destructive distillation of coa[.

Destructive distillation ofcoal. When coal is
subjected to destructive distillation, i.e., heated to
1n0-M75 Kmthe absence ol air, it decomposes
to give a number of products as shown in the Flow
Chart (Fig. 15.20).
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COAL

(Solid residue), nearly 70Vo

(Upper layer), rcatly 8-tOVo

Ilot vapours and gases

(Cooled and passed througi watet)

Coal gas

(mainly contains low moleculor
mass alkanes and alkenes)

(l) coke, it is tti soiia residue'left after the a suitable mineral a"ra rik" iii. Hrso.. The ammo-
distillation. It is mainly used as a fuel and as a nium sulphate thus produced is ri ed as afertilizer.reducing agent in metallurgy.

. (r) coarsas.rrmainryconsistsof lowmole- -tn f"]r.c.E'"f"T;'Hlf;u,:':'[:f':ff'":":1
cular mass alkanes and alkenes. It is used as u -
fuel.

(iii) Ammoniacal liquor. It is a solution of
ammonia in water aDd is removed by absorhing in

Coal tar
(Lower layer), nea y 4-5Vo

tions ofcoal tar distillation

Heated to 1270- 1675 K
(D e s truc tive dis til tati on)

2. Middle oil or Carbolic oit
3. Hcsvy oil or Creosote oil

4. Grecll oil or AnthraccDe oil
5. htch (Lelt ar residue)

443-503
503-543

54r-433
Non- volatile

Phenol, naphthalene, pyridine
Metlryl and higher atkyl phenoh, naphthatcnc,
oafitbols, etc.

Anthracenc, phenanthrene
9Z-94/o @rr'rrc,n (lsed for makins
black paiDb, varnish for crood anj
for water-proofing).

,al tar was mnsidcEd to bc
disposal $Bs a ptoblcm.I_atdisagEcable smcll.

is allowed to
stand and the two forme d are

TEMPERATURD
RANCE (IN K)
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ln this process alkanes containing six l(' eiglrt

carbon atom.s are heated at about 670K in presencc

ot nallatlium. platinum or nickel as catalyst. During
thJ retorming process, the alkanes firsl undergo

cvclisation ond thcn aromatization or
dehydrogenation. For examPle,

n-llexanc qrclohexane

8?3 K, Pt _ f^tI ,"r.t*"*- V
orAromaliTation Bcnzene

_, (-3H'
CH:

I

CHz
a-Heptane CH:

(-3 H,)

In a similar way, n-octane gives rylenes'

Platinum is the best catalyst for this Process,
tlterefore, reforming is also called plat forming'

15.10.4. Structurt of benzene

The molecular formula of benzene is CuHo

(i) Benzene adds three molecules of hydrogen

in nre.sencc of Raney nickel or platinum as catalyst

at 4'13 - 523 K to form cyclohexane.
RaneyNi

c6H6 + 3H2 ceHrz

Benzene 4'13-523K Cyclohexanc

(ii) In presence o of
a halogin cairier, benz of
chlorine to form benze

Sunlight
C6H6 + 3Cl2 

- 

C6H6C|G

Benzene Benzene hexachlotide

ln soite ofthe oresence ofthree double bonds,

benzene'behaves likc a saturated compound as

supported by the following two facts :

FeBrr, bemene forms monobromobenzene'
Btz

cuHe
Benzene COl

C.H.Br,
Not fomcd

(A.ldition prcduc.)

C5H5Br + HBr
Bromobcnzcnc

(Substiruton protuct)

Btz

coHe
Bcnzcne FeBr,

(ii) Benzene is resistant to oxidation' Unlike
alkenis'and alkvnes, benzene is only slowly oxidised
io CO, and Firt) 

"u"n 
with powerful oxidising

asents such as chromic acid, potassium perman-
ginut" 

"t". 
Tlrus, benzene resiss oxidation like

sdfiirsted compound\.
Kekule structure. The first insight into the

Besides other alterna-

tive structure benzene from
time to time , but all these

were rejected other'

<1>
Q,,

Bacy!r (1892)Dccrar (rE67)
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H

I
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ObJections to Krkule structurr. There are
threc obiections to Kekule structure.

(i) Wry is it that benzene shows rema*able
stability towords oxidising ugents like KMnOn and
undetgoes sl.bstitution reqctions even thortgh it con-
tqinr thrce double bonds ?

(iii) Kelade sfiucture would predicl only one
monosubstitution product and two o-disubsiituted
product: (a,a:d b) as shown in Fig. 15.22.

I
\

FIGTJRE 15.22. Kel<ule isomers
of o{ichiorobenzene.

In structure (a), there is a doublc bond be_

I
H

count for this, Kekule proposed a ciynamic equi-
librium between thc two structures asihown in Fig.
15.2i.

, ln other words, positions of single and double
bonds are not fixed but oscillate back and fourth
between adjacent positions.

Thus, Kekule structure failed to account for
the unusual stability of benzene and the
equivalence of all the carbon-carbon bond lengths
in benzene. However, these can be easily explai-ned
in terms of molecular orbital and'resonance
theories of benzene as discussed below :

Molecular orbltal structurc of b€nz€ne. Since

ct

d.
o

ct

d"
o

,i I it HGfiE il.r4*.' ::#i;id.,r";tl ; ;;;;i",.' ; ;,,:;i,i:;.

. Nowth€reare two equally good ways in which
he p- otD qls on ad,jocent corbon otoms con overlap

C-C. o-bond

C-H, o-bond

o
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tolorm three n-bonds as shown in Fig. 15.25 (a) and
ts.2s (b).

In fact, each Q-orbital overlaps equally well
with2p-orbitals on adjacent carbon atoms on either
side to forrn two doughnut shaped z-electron
clouds; one ofwhich lies above and other below the
plane of carbon and hydrogen atoms as shown ia
Fig.75.2.6.

Further, due to delocalization of eloctrons,
benzene is now a days shown by a circle within

the hexagon (Fig. 15.27).
Whereasthe hexagonrep-
resents the six carbon
atoms, the circle repre-
sents the six completely
delocalisedzr-electrons.

It may be noted here
that it is this delocaliza-
tion ofz- electrons which
makes it more stable than
the hypothetical cyclo-
hexatriene molecule
(Kekule structure).

FIGUBE 15.27. Modern picturP
of benzene molpcule.

O---O =

(A) (B)

FIGURE 15.26. n-Electron clouds lying above and
below the plane of the benzene ring.

Thus, twop-orbitals are not confined to a single z-
bond between turo carbon atoms as was the case with
two strucfures as shovm in Fg. 15.5 but are involved
in the formation of more than one z-bond, This por-
tkipotion of n<karuts in moru hot dte bond is called
delocaliation of electans, These delocalized
eleclrorrs are equally attraded by all the six carbon
atorns of the benzene ring As a result a/i the cobon-
cobon bond lenglu inbenzene oe equal sllthe cubon'
hydngat bon^ arc equialenl" its dipole nomenlis um
qnd does not shotr the type of immubm showt in Fig.

15.26.

ol benzene molecule,

15.10.5. Resonance

The phenomenon of
resonance is said to occur d
for a molecule, we con wite
nyo or more than two Lewis
structures which differ in the
position of electrons and nol
in the rclative position of
aton$. The various Lewis
structures arc cdlled canonl-
cal structur€s or the
resonance structurts. Zrre
real stnrcitre of the molecule
is not represented by a yone
of lhe canonical strucAtrcs
but is a resonance hybid of
the various resonsnce slmc-

tures. Ihe various resonance stnlctures ste separated
by a double headed (.---) smt). This anow should
be clea$ distinguished from thal used for an equi-
libnum (7- ).

In the light of resonance theory, benzene can
be represented as a resonance hybrid ofthe follow-
ing two Kekule structures.

o
(c)

FIGIJRE 15.25. Two pcasible sideways overlap of sk
unhybrldlzed porbihh to form three n-bonds.
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Thus, these two structures are the canonical
forms of benzene. The actual structure of benzene
is neither represented by A nor by,B,but is a
resononce hybnd of these two structures. Further
shce these two canonicalforms are ofequal energ5r
so they contribute equally (50%) towards tfri
resonance hybrid. In other words, structure of the
resonance hybrid is in between these two Kekule
structures. This means that any two adjac€nt carb-
on atoms of tle benzene molecule are neither
.joined by a pure single bond nor by a pure double
bond. As a result, all the carbon-carbon bond

is usually represented by the formula ,C,.

Further, a resonance hybrid is always more
stable than anyofits catronical structures. Thus, the
actual molecule of benzene is more stable than
either ofthe two Kekule structures. The magnitude
of stability conferred on a molecule as a result of
resonance is expressed in terms ofresonance ener-

as the
hybnd
n case
deter-

mined to be 150.62 kJ (36.0 kcal) mol-r.
15.10.6. Calculation of rrsotrance enerpr
The resonaace energy ofbenzene can be cal-

culated from heat of hydrogenation data,

were no resonance (as would be the case in the
hypothetical cyclohexatrietre molecule wil.h three

onds in a six_membered
heat of hydrogenation of
x 3 : 358.98 kJ (8s.8
een evolved.

Cara hrt*H,

Catahst
+ 3H2 ----:--.

Citalvst
+ 3H, --:-->

c
AH = - 358.98 kJ mol-l

Cyclohcxane

AH = - 208'36 kJ mol-l

C),clohcxsnc

AH = - 119.66 kJ mol-r

Thus, the achtal molecule of benzene is
i58.9E - 208.i6 = 150.62H (36.0kcal) mot-l
more rtdble than the hypothetical cyclohuotriene
molecule. ln other words, 150.62 H (36.0 kcat)
mol- | is the rcsoaance energr of benzene.

15.10.7. Concept of Aromaticity- Huckel
Rule.

Huckel, on the basis of molecular orbital

aromatic compounds and have chemical proper-
ties altogether different from other cyclic'un-
saturated compounds which do not contain
(4n + 2) n- electrons.

Thus, the necessary and sufficient conditions
lor a molecule to be aromatic are :

(i) lt should have s cyclic cloud of delocalized
fi-electrons above snd below he plane oI the
molecule.

(ii) It should be planm This is due to the
reason that complete delocalization of z-electrons
is possible ody if the ring is planar to allow cyclic
overlap ofp-orbitals.

(iii) It should contain (4n + Z) n-electrons
where n = 0,1, a3...etc.

A molecule which does not satisry any one or
more of the above conditions is said to Le non.
aromatlc.

Cyclohcxene



Pradcep's r,i il5lto

(,

C)clopentadienyl
anioo (plonat,
6n-electrorc,
aroEtatic)

systems:

Cyclopentadieoyl
c2tioo (planar,
4n-electrons,
non oromatic)

Cvcloheptalrienyl cation or Thopylium calion
g2laaar, ttt<kctroru spread over the entire

rir& aromstic)
H\_

o
q,cloeptalrienyl anion (non-planar' 8t -

electrons, Dot aromatic)

Cvcloocratetraene (r on-Plana\ U-
eleclrons, Eot aromstic)

Clclooctatekaenyl dianion (Planat, I 0n' elc c ffow spreod

over ,IE entic ing, *oEatic )

3) are all aromatic'

ring.

thereby bringing the total to sixfi -electrons Thus'

O
Pyridine

ql
U

Furan

U
II

Pyrrolc

.Thc othcr torc Pair of clcctronr on thc 'y2'trrbtidizcd hctcrcatom lics within thc Planc of the ing and hcncc docr not

contribDtc to*?rds the ammalic scxi'L
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,of coal tar distillation froE wtere they are isolated
by suitable methods.

H

Rcd hot

iaon tubc
873 K

[4]-AnDulene
(Cyclobutad.iene)

Benzenc-
diazonium
ahloflde

/t\HC CHrlt
HC CH

\./
H

Benzenc

ct which of tlre followingrys, dwhy? (N.C.E.R.T)

,,,rffi,r,
. (i) contains (4 n + 2) ttel = 2, i.e., it' contains5 and hence. according toH tic.

Compound (l'r) is a 4 n r Qt = l) electron sys_
tem and hesce is an antiaromatic contpound.

15.10,E. Methorls of preparation of Aren€s
Benzete (phene), C6H6, was first isolated by

Fanday. (l&E) from cylinders o[ compressed il_
luminating gas obtaioed from pyrolysis oiwhale oil.
ln 1845, benzeoewasfound in coal-tar by Hofuuu.
Aretres are mainly present ia the light oil ftactioi

[8]-turnuleoe
(cycloctateffaene)

E

o
o@- *@

2. ftom sodirn bcnzoatc by dccarboxylallon
witlr soda.llre (Laboratuy method)

@-cooNa+ NuoH =o',o [O **u."o,
sod. Bcicnc

benzoatc

3. From phenol by dlstillafon with zlnc dust

[O,o' oo*" r-r +zao'.7 distil \7"
Phcnol Bcnzcnc

4. trlom chlorobenzene by rcducflon Mth Nl_
AI alloy/I{aoH

-.4- .-l
I 
',' 

\ I -' Ni-Al all.,!q,ll +z1u;_irt,.,I@ *r.,
chlorobenzene *uo' 

u..rr"n.
5. From benzenediazonium chloride by

reduction with hypophosphorus acid (HrpOr) in
presence of Cu+ ions

+

-N = NCI- Cx' co+ H3PO, + H2O ....+

al)

@**r*r", + H3Po3

I
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6. From benzenesulPhonic acid by heating

wlth superh€ated steam.

7. ltom n-hexan€ and n-hePtane

-zcHz

@ * ""'"'

cHr

d
Tolucnc

)Q

Instead of allryl halides, alcohols can also be

used in Friedel-Crifts reaction. Here, the Lewis
acid helos in the eeneration ofa carbocation which
then atiacks thibenzene ring to form the cor-
responding alkylbenzene. For example,

+ Alcl, ._

H
l+

CHr-CHr$-41g1r-

Anhyd.

Alcll
+ HCI

+

= 
cH3ctr2 + Ho-AlcE

EthYt cafocation
+

C6H6 + C}I3CH2 ' QHTCH2CH3 + H+
Ethy'bcn'cnc

Friedel-Crafts reaction can also be carried out

with alkenes in prcsence of protonic acids such as

I{2SO1, H3PO., HF ctc. For e:ramPle,

H2SO4 +

-+ 

(CH3)2C-CH3

-HSO4
crHo

""'-"". C6H5 - C(CH3)3

-H+ lcz - Butylbcnzenc

Similarly,
H3PO4

CuHu + CHrCH=CHz 

-Propenc

c6Hs-CH(CH3)2
Cumcnc

70 K 10-20 3tm.
(-3H'

Bronromethane

DrY cthcr
CH"CH, -....+A

(cHr)rc=cH,
2- Mcti,'tproPcnc

llromobenzcnc

(C-""r"', + zNaBr

Ethylbenzene

9. hderlel-Crafts reactlon. Benzene reacLs

with ;lkvl halicles in presence o[ a Lewis acid

"iiulyit 
Ju"n ot u"hydr6us AlCl, to form alkylben-

zenes or arenes. For examPle,

Friedel-Crafts reactioD ofalkyl halides either involves rhe adduct R'+" CtAlC4- as thc clectroPhile or the

idcs at low temperuatref, the reaction mainly

may occur throu gh carbocatioo intermediate'
ionintermediate]wilh all otheralkyl halides'

hiDB irl the alkyl halidc increases'

:ti:ij: i:ii:ii,lii:ii:i :i:i i:



Isopro!!4benzcne
It ntay be emphasized here that at lo,v temperatures, tbe major product is r_propylbenzene.
Similarly, isobutyl chloride gives refi-butylbenzeno.

9Hr
cnrJu-cHrcr

Isobutyl ct oridc

CH,
t,-cHl-c --l
CI:

CH.CnHo I 'r--.
--- cH,-9-(( ))_H'

CI,

teri - B u tylbenzcne

I,2-Hydridc + qH" -CH.
snllt Isopropylcarbocalion -H+ -CH:

With neopentyl chloride, rhe product is 2-methyl-z-butylbenzere.
cHr
I Arclr

CH,-C-CH.CI-l

Ctr, -A1(l4

Neop€ntyl chloride

cHr
l,2-Methvl I

shifi " +

,^... 19:*t^91gnard-rcagents. Grignard reagents react with alkyl halides in presence of dry ether rororrD arenes. Ior example,

CH,
I

(Q)-r*"' * Br-CH-cH,

CH:
I

(O)-ctt-ctt, * MgBr,

15173HYDHOCARBON

ADD TO )/OUR.KNOWLEO.,E AO\TO|
Whenever catb cqbocation is le$ sroble then it slwsyt
rearranges frnt or l,2-netlrylshifi before attacking rtebenzzneritgto e,

CH3CH2CH2CI + AICI3
n -Propyl chloridc '"'ff1"'

tH ,/

,r-Prcpylcarbocation

High temp.

-Alct4-

Atct3

-Atcl4-

CH:

cH2cH3
CoH" I 

-
; cs.-cJA\, \\ -//_H'

CH:
2 - Merhyl-2-butylbenzene

Dry ether

Phenrlmas. IsoproPyl

tromiC.- bromide

15.10.9. Physical Properties of Arenes

, (i) Bcnzene 
-and 

ils homologucs containg uplo cight
characteristic smell.

Isopropylbenzene
or Cuflene

carbon atoms are colourless liquids with
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(ii) Due to large hydrophobic hydrocarbon

part, arenes are not soluble in waterbut are soluble
in organic solvents.

(iii) The melting points and boiling points of
arenes increase with increase in the molecular size
due to a corresponding increase in the magnitude
of van der ll'aals' fotces of attraction. Amongst
isomeric arenes, i.e., o-, m- and p-rylenes, the p-
isomer which is most syrnmetrical, has the highest
melting point.

15.10.10. Chemlcal Reactlons of Arcnes

Arenes are highly unsaturated hydrocarbons
but behave liks saturated hydrocarbons. They are,
however, more reqctive than alkanes but orc less

reactive than alkenes and allEnes. This lower reac'
tivity ol qrenes is because of the exra stability Ls'
socioled ,,,,/ith these molecules due to delocalizatiort
ol n- electrons.

Some important reactions of arenes are dis-
cussed below :

I. Substitution or rtplaement r€actions

A reaction in which one or more hydmgens oJ

the benzene ring are replaced by olher atoms ot
groups is called a substitution rtaction.

Arenes undergo a number of substitution
reactions as discussed below.

1. Halogenation. Benzene reacts with chlorhe
and bromiqe in presence of Lewis acids such as

ferric or aluminium halides as catalFt and in ab-

sence of light to form chlorobenzene and

bromobenzene respectivelY.

CI

p-Chlorctoluene
(,,ato,)

The function of the Lewis acid is to carry the
halogen to the aromatic hydrocarbon. That is why
these are usuallyreferred to as halogen carriers. In
addition to iron and aluminium halides, iodine and
iron filings have also been used as halogen carriers.
For example, chlorobenzpne is formed when ben-
zene is treated with chlorine in presence of iron.
Under these conditions, iron first reacts with
chlorine to form ferric chloride which then acLs as

a catalyst.

zFe + 3Cl, 

- 
2FeCl,

Direcl iodination ofarenes is not a usefulreac-
tion since the HI produced during the reaction
reduces thc aryl iodide back to the arene and
iodine.

cHr
lcl

o'
,-Chlorotoluene

(minot)

cHr

0
CI

@ .I'z '--

I
I

@

@ *'o 6 +HCr
Anh. AlCll or FcBrl

310-320 K dark

Anh. FeBL

310-320 K dark

+HI

Bcnzclc Iodobcnzcnc

However, in presence of oxidising agents such
as nitric acid, iodic acid (HIOr), mercury oxide,

etc., the HI produced is either oxidised to iodine or
is eliminated as mercuric iodide and thus thc rcac-
tion proceed.s in the forward direction producing
iodobeazene.

5HI + HIo3 -' 3I2 + 3H2o

2HI + 2 HNO3"""') 12 + 2NO2 + 2H2O

2 HI + HgO """- HgI, + HrO

Fluoination of arenes is too vigorous to be of
any practical use.

2. Sulphonatlon. The process oI rePlacement

oI a trydrogen atom ol at arene by a sulphonic acid
group (-SOrH) b cal/ed sulphouatlon. It is usually

carried out by treating an arene with fumiug sul-

phuric acid or oleum (concentrated sulphuric acid
iontaining dissolved sulphur trioxide) or chlorosul-
phonic acid. For example,

Bcnzcrc

[Ol + nrz

CH,

d
Tolucnc

Anhyd. FcCl3

+ clz
&rk
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sorH
3]oK I

[O] . H,Soo ----.--- ffrr +H.()
'\.,, l(onc.\ -/tJenzcne

Renzene_
sulphonic acrd

330 K @
Bcnzene

cH3co \ Anh. Arcrr
+ '()

cH3co,/
clsorH

Chlorosulohonic
acid

Ethanoic anhydride
(Acetic anhydride)

+ cH3cooH

Benzene-
sulphonic acid

O
Bcnzene

cH2cH3

enn. nto, A
+CHrcH,Br ' LOJ +HBr

Bronroethane
(Ethyl bromide) EthYlbenzene

On treatmentwith
a lhe anhydride in
Pr um chloride, ben-
ze example,

@
Behzene

@
llenzene

Anh Atctj
+ cH3cl

Chloronrethane
(Methy chlo d")

esence of sun-ligh carriers (suchas adds three
molecul es of cblori te to fotm benzene hexochloide
(BHC) ot Gammuane.

Q *,.,,
Bcnzcne

CI

H

Cyclohexane

Abscnce of halogcn carrier

Anh Atcll+ cH3cocl
Erhanoyl chloride
(Acettlchlondz)

@.
replocement oI o
nitro group (-

lly carried out by
treating an arene with a mixture ofconc. HNO, and
conc. HrSOo. (nr'tra ting minure). For example,

p"..,:#r#
Nirrcbenzeoe

4. ltied€l-Crafts r€actions. ThLs is a con-
venient method for the introduction of an alkyl or
an acyl (RCO -) group into an arene. It is of two
t)?es :

O Fnedcl-Craft.s allcylation- Whenbenzete or
its homologue is treated with an alkyl halide, in
presence of anhydrous aluminiuu chloride as
catalyst, it forms an alkylbenzene. For example,

+HCI

+ HzO

Acrtophenone

II. Addition r€actiotrs.

_ Benzene and its homologues usually do not
undergo addition reactions because of the extra
stability of these molecules due to delocalization of
z-electrons. However, under drastic conditions,
i.e., high temperature and pressure, they do under-
go some addition reactions characteristic of
alkenes and a\mes. Tko such important addition
reactions are discussed below :

i'fff&*'!;
um as catalyst at

RancyNi
+ 3 H2 

----j.+473-szi K

+ HCI

crif;.cr
Bcnzcne hexachloridc (BHC)
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It moy be noted here thdt in qbsence oI sunliShl
ond in lhe presence oI halogen coqiers benzene un'
dergoes substltutlon Eactions but in presmce of
sunlight ond absence of halogen canien, itundergoes
addition rcactions.

lII. O)ddatlon r€actlons

Arenes undergo a number of oxidation reac'
tions as discussed below :

l. Complete oxidation Mth alr- combustion'
Arenes readily burn on heating in air or orygen
producing COr, HrO along with a /uminow yellow

sooty llam€.
2 C6H5 + 15 02 """.. 12 CO, * 6 HrO ;

AH' = - 3000 kJ mol-r
The formation of sooty flame is due to the

reason that arenes contain higher carbon coDtent
that hydrogen. This sooty flame test is used as a

qualitative test to distinguish srcmatic fom aliphatic
compoun^.

2. Controlled oxldatlon vlth ah, Benzene on

oxidation with air at 773 K in presence of V.O, as

catalyst gpes maleic anhYdride .

o.
CHCO\

-O

-Hzo CACO/
Maleic anhydride

3. Oxidation with potassium p€rmanganate'
Arenes are not oxidised by cold dilute alkaline
KMnOn solution (Baeycfs r€ag€nt) and hence this

reaction is used to dis tingtkh aromatic compounds

lrom alkenes and all<ynes.

Benzene, the first member of arenes, is not

oxidised by hot KMnOn solution. But its higher

homolog
tion, the
chains (i
carboryl

CH,
Io

Tolucnc

acid

cH, cooH
P-illenc acid

With mild oxidising agents like chromyl
chloride (CrOrClr), toluene gives benzaldehyde.

This reaction is called Etard reaction.

CH.
t-

o
Toluene

(i) KMnOa , KOI{
3?3-383 K

+ 3[o]
(iD Dil. H2SO1

COOH

4. Odilallon wlth ozone' Benzene reacts with
O, to form a triozonide which upon decomposition

with ZnlHro gives glyoxal.

Like alkenes and alkynes, arenes also undergo

Bcnzenc triozonide

7.n/HzO CH=O
3l

-Zno CH=O
(tcductivecleavage) Glyoxal

Bcnzoic acid

+ HzO

ozonolysis. For example,

O#
Benzcnc '
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Unlike alkenes and alkynes, ozonol;nis of
arenes is not of any practical importance.

15.10.11. Uses of Arenes
(i) Lower arenes such as benzene, toluene,

rylenes etc. are used as solvents for oils, fats, rub-
bers etc.

(li) Arenes are extensively used in the
manufacture of dyes, drugs, perfumes, explosives
(TNT) and insecticides (DDt BHC).

(ir'i) Benzene is blended with petrol to im-
prove its octane number.

(iv) p-Xylene is used to prepare terephthalic
acid and its ester for manufacture ofsynthetic fibre,
leDlene.

15.10.12, Mechanism of Electrophllic Sub-
stitution Reactions

Benzene contains two z-electron clouds-one
lfng above and the other below the plane of the
ring. As compared to o- electrons, these fi-
electrons are loosely held and hence are easily
available to electropbiles. In other words,benzme
ing acts as a source oI electrcns (i.e., nucleophile)
and altracts electrophiles (or repels nucleophiles).
Thus, the reactions ofbenzene and other arenes are
initiated by electrophiles. Now electrophilic sub-
stitution reactions can, in principle, be either sub-
stitution or additioo,- Whereas benzene ond other
arenes undergo electrophlllc substitution rtac.
tions, alkmes undergo electrophilic additlon reac-
tions. In fact, ability ol a compound to underyo
elecffophilic substitution resctions is on excelle,:t test
oI ammaticity.

..The z-complex then slowly reorganises or rearranges to form a a-comprex or a carbocation inter-
mediate which is stabilizei by resonance

The mechanism of all the electrophilic sub-
stitution reactions is basically the same and
proceeds through the following steps :

SteI, l. Generation of qn electrophile. Fitsa of
all, an electrophile is generated as a result of some
preliminary reaction.

E-Nu ------- E+ + : Nu-
Reagent Elecrrophile Nucleophile

In some cases, an electrophile is not generated
dhectly but a polarized molecule of the reagent
serves as the electrophile. For example, in halo-
genation and Friedel-Crafts alkylation reactions.

//--.--\ ,+ 6-
BrL Br * FeBr, ------- Br ...... BrFeBr,

Polarizcd bromine
rnolecrle (ekc tophile)

/,,^.\ d+ t_
CH3-CI + AlCl, -------r CH3 ...... CtAlCl3

polarized nlcthyl
chloride molcc.ulc

(el.ctophi le)

Step 2. Formation of carbocation intermediate.
As the electrophile approaches the benzene ring,
it is attracted by the z-electrons to form a z.com-
plex.

r- Complex

dl* *1ryE._.6i-_OfE] = Cfs
Resonance stabilization of carbocation intermediate or o_complsx

Tte carbocation intermediate is also called o-comptex.
During the formation of o-complex, the aromatic character of the benzene ring is

Therefore, tlris step is slow and hence is the rate determining ste ol the reac,ion.

, Stcp 3. Loss o{ a proton lrom lhe cottocation intetmediate. The carbocation intermediate formed
above, rn pnnciple, can undergo the following two types of reactions.

-(i) It catt lose a pntton to lhe nucleophile (Nu- ) present in the rcaction mirture to fotm o ubstihttionpmduct

ResoDaDce

trybrid

destroyed.
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qlH;...

tryE

-g ryt + H-Nu
Strbstitution product

Since during this step, aromatic character of the benzene ring is restored, therefore, lltis step is fast
and lrcnce does rtot offect the rate of the rcoctiort.

(4) Alternatively, the nuclcophile (: Nu-) may attack the carbocation intermediate to yield the

addition product.

HNu

This addition is, however, not observed since during this addition reaction, the aromatic character

of the benzene ring is lost.

Let us now discuss the mechanism of some typical electrophilic substitution reactions.

1. Halogenation. The halogenation of benzene and some other arenes is canied out qt low temPera'

rures (j10-320 K), in the ubsence of xtnlight srtd itr presence of a Lewis acid sttch as anhydrous fenic or

aluminium chloide as catalYst.

The halogenation proceeds by the following mechanism :

Step 1. Generation of an electrophile.

/\ d+ 6-
cl-tcl * Alcl, .---- cI........ Alcl3

Electrophile

Step 2. Formation of o-complex or carbocstion intermediate.Tbe *ve end of the polarized chlorine

molecule^ accepts the z-electron cloud of the benzene ring to form a o-complex or the carbocation

intermediate which is stabilized by resonance'

H
E

_6,
Slow
-_--,

Resonance stabilized carbocation or o-complex Resonance hybrid

This step is slow and hence is the rste-determining step of tlrc reoction.

Step 3. Loss of a proton front the cqrbocqtiort intemrcdiqte. The base (AlCln ) plesent in the reaction

mixture then abstracts a proton to form chlorobenzene

6<5,1",):- ry'' +A,c,3

Chlorobenzene

This step is fast ond hence cloes not affect the r(tte of the reaction'



H2SO4 ....- H+ + HSO;

H -.- *'') +
-No2- )o-rNO, - 

Hzo + NO2
Nilrcnium ion

_ Slep 2. Formation of o-complu or catbnation intemediate. Nitronium ion attacks the benzene ring
to form a carbocation which is stabilized by resonance.

O)*, = [qy$,,.-Gfx,,-e)5$o, ] = C,.$*

rhisstepisstowonrn**uiiZ}li;;,H:l;::ir?;ffi',):::;,::;::;:;";::)', 
ResoDance hvbrid

Slep3. Loss of q Prolon from the cq,bocation intemediate. Finally, the carbocation loses a proton to
the base (HSOt) to form nitrobenzetre.

n:fU;+-t".' rY*q*,,,,,0\4 \r'
(D Niuobcnzenc (ll)

This step is Iast and hence does not affect the rate oI the reaction. (Fig. L5.28)
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2. Nitration. It is carried out by treating benzeue and other arenes with a mixture of conc.
HNO3 + conc. HrSOn commonly called the nitrating nrixrure. The various steps involved are :

Step l. Generution of an electrophile, i.e., NOI (nitonium ion)

In presence of conc. H2SC)a, HNo, acts as the base and accepts a proton to form protonated nitric
acid whioh then loses a molecule of H.O to form nitronium ion.

E"a, rr E.r,

@.*;

H+

t
bt
z

Fz
o
o-

I
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Evldence in support of the mechanism. This mechanism has been supported by absence of isotope

effect.lthasbeen lound that when hexadeuterobenzene is nitrated, the rate of nitration is exactly the sane

is that ofbenzene. Since a C-D bond break more slowly than a C-H bond, therefore, the loss of a proton
is not the rate-determining step. Had it been so, the rates ofnitration ofbenzene and hexadeuterobenzene

would have been different ?

HNO3, HzSO4

D
Hcrodcutclatcdbcnzcnc

Rates are the same

Noz

o
il

S+

H.7
sot

Sor-
+ H2SO.

NO,

oryd
Thus, electrophilic ommatic substittttion is a bimoleculs ruaction in which the altack of the elecooPhile

ond loss oi protoi occw in two different steps otd the lomer is slowcr alld hence is the rsle dcEminhg steP

oI the rcsction,

3. Sulphonatlon, sulphonation is carried out by treating benzene or any other 
-arenc- 

$ith con-

centraiJs'Jphuric acid o'r oleum (conc' HrSon + sb3 = H'zqo?)' The nechanism for sulphonation

involves the following stePs :

Step 1. lphur trioxidc which acs as an €lectrophile is fust of all

generate-d by um between two molecules of sulpburic acid'

2H2SO4 r SO3+HSO1- +H3O+

Step 2, Formation of o-complu or carbocation intennediate. Sulphur atom of sulphur trioxide

rn^lecule is electron-deficient as shown below.

/ \o-
cons€quently, sulphur trioxide acts as an electroPhile atrd henc€ attacks the benzene ring to give a

carbocation which is stabilised by resonancc.

" ,o;- ([Ior ]=Cl<Lt
d carbocatioD or o'comPlcx (I) Resonance hybrid

This step is slow and hence is the rute-determining *ep of the rcaction'

s3ep3.LISSof4plotonIrcmlheca,bocalion.Thecarbocation(I)finallylosc.saProtontoProduce
sulphoni^c acid anion (t\. mi stepfs Tast and hence does not affect the mte of reaction'

Fast

+ HSO;

Pradeep's
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Slep 4. Addition oI proton to the benzenesalphonic dcid onion (II) gives the finol product.

s03H

+ H2O
B€nzenesulphonic acid

lfHisD Eacr, - E"r,
,.-..

@-to.

PROGRESS OF REACTTON __________+

FIGURE 15.29. Some carbocations 0) go to the.product, some revert to the starting material.
There Ls some isotopeTfect, andsulphonition ii-reverstble.

. 
Because of the- reversibility of this reaction, surphonic acid group can be ea:;iry removed bv heatins

a sulphonic acid with steam under pressure or by hoi dilute mineial a'cids. "., ---"-6

-,4\-/sot

I + Hro- =-r
This equilibrium lies far to the left since sulphonic acid is a strong acid.

n

:

--. Insulphonation (Fig. U.29), the energy barriers on eitherside ofthe resonancc stabilized carbocation(I) are roughly of thc same height (r.e. E*i - E*r. If thls is so then the en"rry uu.ri", roi it 
" 
;;"k ;;

deuterated benzene and I (H) resulting from
ahe forword reaction (i.e., conversion of I into
that for thecarbocation I (H) since astronger
er C- H bond is to be broken in carbocation

maleriar and hence overau surphonatioo *.,"*",;:lt?l.t.:?"f'o1H1l:l[1l#";"il:li:H,#ilir
isotope effect.

t
(9
E
lrlz
UJ

2
Fo
d-

I

H-so; +

II

@-ro,, * 
",o

Bcnzencsulphonic acid # @ *','o.
This reaction is called dcsulphonation.
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4. Fliedet-Crafls slkylation. Alkyl substituted benzcnesmay be ptgPlTd by lhe reaction between

b"nzene unJ a 
"uitable 

alkyl halides in presence oI a Lewis acid catalyst (AlClr' BFr' FeClr' etc)'

Anh. AlCll
fA) + R-cl(\_/
g;r"nc Allryl chloride

The reaction is believed to proceed through the following mechanism'

Slepl.GenemtionofgnelectroPhile.Thealkylhalidefirstreactswithan.hydrousAlcl3toform
polarized alkyl halide molecule which acts as the electrophile

6+ 6'
Rlcl+AlCl3 ' R...... ctAlcll

ElectroPhilc

SteI'2.Fomationofo.comPlexorcqlbocationintennediate.The+veendofthepolarizedalkylhalide
molecule attacks the z-electron cloud of the ben: ene ring to form a o-complex or the carbocation

intermediate which is stabilized by resonance'

R
Io

Allg'lbenzene

j:: #H * o,.,,
o-Complex

'- CrH]= ffl
ResonaDce stabilized carbocation or o-comPlex Resonance hybrid

This step is slow a\d hence is the mte-detemining step ol the rcaclion'

Step 3. Loss of a proton iom the csrbocation'

Anh. AlCll
cH3cocl

Acctyl chloridc

+ HCI

#HIa t1 
ry*.Atcl3+HCl

Allq'lbenzenc

ntis saep is [asl and hence does the affect the rute of the rcac'ion'

5.IYledel.Craftsacy'atlon.Benzeneandotherarenesreactwithacidchloridesoranhydridesin
presence of anhydrous AiCl, to form aromatic ketones' For example'

@.
cocH3

+ HCI

^ cH3coi Anh. Arcr3 

rytt't'' + cH3cooH
@ 

-arrau)o 

- 
o.",.rn.non.Benzenc Acctic

anhyddde

,I-t
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@
Benzene Benzoylchloride Bcnzophcnonc

Mechanism. The reaction involves the followirg steps :

Stepl. Generution ol an electrophile.Theacidchloride or anhydride reacts with anhydrous aluminium
+

chloride to form acylirrm rbn, (RC=O) which scrves as an electrophile.
oil,/1 I *f.. *lR-C/ct + Atct3 In-c I 6, :.....-, R-c = o,.,| + ercto-

Acylium ion

o

.Saep 
2. Fuuation o[ o-conrpler or carbocqtionintemediate. The acylium ion attacks the be nzene ring

resulting in the formation of a carbocation which is stabilised by resonance.

h-;4, .-.....- R-c= J,] . *-!-o^.,,
Ag'lium ion

Rcsonance stabilized carbocatioD or o_complex

ntis :itcp is slow qnd hence is the rute-dete,mining step oI the reaction.

Resonance hybrid

Step3. Los; of o pr ofon. The carbocation loses

a proton to the base (AlCln or R-CO()AlClr)
present in the reaction mixture to form the final
product.

This step is last and hence does not afecf the
rate of he ,eaction-

15.10.13. Dircctive influence of substituents
and their elfect on rarcdvlty

However, when a monosubstituted ben zene deriva-
tive is converted into a disubstituted benzene
derivatiye, the substitumt alftady present in the ben_
zene ing detetmines he position of the incoming
gfouP.

61:;;e Fast

o ri\-c-n
\) ll + HCr + Arcll

o
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This ability of a group alrcad, Presena in the

buaene ing to direct the incomhg gmuP to a Pat-
ticulat poition is called the dlnctlve lnlluencl of
grouPs.

On the basis of the diective inlluence of
groups, the various substituents can be divided into

the following two categories :

-Cl, -Br, -I, -OH, -OCH3, -NH2,-NHCHT'

-N(CH3)Z-, NHCoCH3 etc.

conc. HNOJ

+conc. H2SOa

We have discussed above that thetypical reac-

tions ofbenzene are electrophilic substitution reac'

Directlve influence of the slkyl SrouP' The

alkyl group (R) does not have a lone pair of
electrirr". its diiective influence can be explained
on the basis of hyperconjugation effect as shown

below :

H

H-l n*

Resonance in phenol

Tolucne

Noz
p-Nitrctolucnc (,rl?rbr)

f',* ry*o'
o-Nitrotoluenc

(minot)

Thus, nitration of toluene gives a mixture of

orlho and para-nifiotoluenes.

In general, all electron'donating grouPs are o'

o-direcins.Fttrther, it may be pohted out here that

although-two o- and one p'positions are available

for dislubstitution yet duc to sreric hindrance vith
the incoming group at o-positioa, it is usually the

p-isonrer whici predominates in these substitution

reactions.

as shown below :

H
I

H-C H+

H
I

H-C H+

HYperconjugation in toluene

Here again, electron density increases at o'
and p- positions an<l hence directive inltuence ol
CH , group is o, P-directing'

Efr€ct of o, P-dlrtctlng substituents on neac-

tlvlty. Since o-, p-directing groups increase the
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electron density in
ng gets activated

stitution in the ing

(i) 
",electrophilic

nitration of t
zene because due to hyperconjugation effect ofthe
CH, group, electron density in tolueae ring is
higher than that in benzene ring.

group ismuch higher than that of OH group. As a
restrlt, electron density in the aniline ing ii much
higher lhan that in phenol and hence broiinotion of
aniline occurs fasler than that o[ phenol.

. The electron-donaling ability of some sub_
stituents follows the order :

-o-, -NHz > -NRz > -oH > -ocH3,
-NHCOCH3>-cH3>_x

(-F>-Cl>_Br>_I)
2. 2.m-Dirrcting grolulps, The substituents or

gruups which direct the incoming gloup to the mets-
postdon ore called meta- dircctitrg groups. For ex_
ample,

-NOz, _CN, _CF3, _cHo, _coR,

-COOH, -COOR, -SOrH etc.

-_Thus, 
nitration of nitrobenzene mainly gives

rz- dinitrobenzene.

Explanation for the directive inlluence of m-
directing 

_ 
groups. With the exception of tri-

fluoromethyl (..e. CF) group, in all other groups

H-CT}

d
Bcnzaldchydc

H-C-O-

NN

+ H2O

-.Lt 
general all electron-withdnwing groups arc

m- directing.

Resonaace in benzaldehyde

. - Similarly, we can explain the mela_diecring
influence of the -NO2 group. Due to electronf
withdrawing resonanc€ effecl (i.e., _R_effect) of
the -NO2 group, electron demity falls more at the

"aizo 'ai/
NO,t-

@
Nitrobcnzenc

Conc. H2SOa
+ HNo3 

--> 
((_,,t1

(Jtumhg 3e3K ^..- 
tNO,

.n_Dinitrobenzenc

NO,t'

ll

Q-l + '
+

Resonance in nitrobenzene

.CI

H-C-O-
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In other words, electron-dettsily is comparo-

Iivtl| nnte ut m- t osilions than ul o- dnd P-posilion:i'
tht i'lorc, lu,thci srtbsiruion in nirobenzenc will

occt[ ot ru-Positio,t.

ln the Iight of atrove discussion, the following

two cascs arisc :

than nitrobenzene.

tio
oI

ruitrobenzene-

The electron-withdrawing ability of some sub-

stituents follorvs the order :

+
(cH3)3N- > -NOz > -cN > -so3H

> -cHo > -cocHi > -co2H

nr-positions.

REsonance in ghltlrobsnz-etrc

As a result, halogcrts uc o, P-diccliry' The

combined result of + R-ellccl. and - [-o[fect ol

halogens is that, h7lolctls arc druclivotillg hut o'

p-diectirtg.
15.10.14. Polynuclear Hydrttcarbons

(phenauthrene, PYrene etc )

*ct 
'
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Carcinogenicity and Toxicity

. A -simplified view of carcinogcnic effect of
polyuuclear hydrocarbons (pNH) is-shown below :

o,
PNH ----r PNH epoxide....-+ pNH dihydrory

DNA or RNA
epoxide -------* Mutations ------r Cancer

IURT \II
PERT,OLETII\,I AND PETROCIIEIIICAI,S

15.

9,1GDirrEth, I 'z'r'o_uDenzanthracene
1 ,2-b€ru.nth7E.n.

influence carcinogenic activity.

20J,ilelhycholanthene

1,2,5,6-Dibenzar hracene
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nirture oI aliPhstic htdmcb'bons Pa'liculotly-
oirrru 16, - b*1 with'ntuch lesser unounts of

cycloograflins (nsphlhenes ) and srcmqtic hydrocar-

brnr. S-ill u.ounts of organic compounds ol sul-

coal and
ndustrial
aliphatic

compounds.
15.112. Fractlonation of Crude oil-

Petroleum rtfining

gitto
he im-
arated

FTGURE 15.3O. Fractlonal distllaflon of cnde oll'

15.4.

otL

-1
RESIDUE

fliiiC ii.i. s.-" important fractions of petroleum relining

?

BOILING
RANGE fi)

2. Crude noPhtho

,. Gaseous hydro(arbons ct-cr

cs - cto

cs- I

9-cg
cc - cto

113-303

303-363

363-393

39!--48

. Ncu, Coutic ChemixrLfiffi

FRACTION APPROXIMATE
COMPOSITION
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13. Kcraene oil
I

4. Frel oll

(i) cas oil

(A) Diesel oil
(la) Furoace oil

5. LubricstiDg oil

(i) Medicinal oil
(!i) Motor oil
(.ii) crease

6, Paraflln wax

(i) Petrolcum jelly

(r'i) Petroleum wax

(iri) Petroleum coke

7. Heavy oll atrd BitumeD

cro - crg

ctr - crr

crs - cra

crs - (h

qo onwards

423-573

5tt--423

Above 543

673 uP'r"rd

F-orms residue

Paint oil, transformer oil, lubrication, sizing
paPer

Ointments, candles, paraffin wirx for matches,
paiDts, $ater proofing, solid tuel, protecting
Paints

PaiDts, road surfacing.

15.113. LPG and CNG
LPG staads lbr liquefied petroleum gas. It is

a miirture of hydrocarbons containing 3-4 carbon
"atoms. fheie include propane (QA), propene
(C:He),'- n-butane* (C.H,n), isobutane* (2-
methylpropane) and various butenes with small
amount of ethane (qH6) lt is compressed under
pressure as liquid and stored in iron cylinders. The
major source of LPG is naturalgas and from refin-
ing and cracking of petroleum. Alkenes are mainly
produced during cracking. LPG is mainly used for
manufacture of chemicals, as a pollution free
house-hold fuel because the combustion of con-
stituents of LPG is complete and no unburnt carb-
on.is released into the atmosphere.

Kolkata etc. Recently a plant for LNG (tiquid
truiral gas) has been established in Gujarat.

15.11.4. Cracking and reforming
Out of all the fractions obtained by fractioaal

distillation of crude oil, ooly gasoline (petrol),
kerosene oil and diesel oil are the most important.
But the demand for these products has further

(i) Cracking and
(ii) Reforming.
(i) Cracking.

by the applicatio
Pyrolysis ofhigher
as fuel oil and lubr

o!-low boiling hydruafions by ttu acrion o! lwl
along or ltc in praence of a utalyl.

Cracking involves breaking of carbon-carb-
on and carbon - hydrogen bonds resulting in the
formation of a mixture oflower hydrocarbons. For
example,

As st
ly consists
quantities
oflow boil
to be carried by pipelines from the oil fields to the

metropolitan cities like Delhi, Mumbai, Chennai,

-

'Butane and isobutane arc thc main constituents.
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c73K
CH3(CH2)IoCH3 + gHr6+qHro

Dodccanc Gb!6i HcPtanc Pcntcnc
b'P. 371 K b.P 309 K

Tberoral cracklng. It is cracking by action of
heat alone. Since during therm al uacking random

cH3(cH2)1oCH3
Dodecane

cleavoge of cafton - carbon bond occun, thcrefore,
cracking of dodecane can also give a number of
other hydrocarbons such as heptane, hexane, Pen-
tane, butane, propene, butene, pentene, hexeae,

etc. as shown belo\Y :

cHr(cHrrcH!
Dccanc

cH3(cHr7cH3
Nonanc

cH3(CHJ6CH!
Octanc

cH3(cH2)1cH3
HcIane

CH, = CH,
Ethcoc

qH6
Propcnc

crHe
Bulcnc

+ c6Hl2
Hencnc

a-days, catalytic cracking is used instead of thermal
cracking.

than thermal cracking.

etheno, propene and butenes which are widelyused
in industry.

,"c*t
873 K Pt

C)rclization (-H,

2

2

Further, it has beea found that platinum is the

best catalyst and that is why reforming is sometfunes

r ef et ed to as platforming.

15.11.5. Synthetic ktrol or Gasoline

_ 873 K Pt

Dchydrogcnation
orArcmati6ation

(-3H?)

873 K Pt

Cy.lizrtion (-H2)

@
Bcnzcnc

Ileptane

f",o
N,lcthylcyclohexane DchrdrogcMtion Tolucne

or Aromatisalion
(-3H'

cHo

I

cHz

I
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ing rwo methods for converting coal into petroleum
like fuels :

(i) fischer-Ihopsch process. In this process, a
mixture df watcr gas (CO + Hr) and excess of
hydrogen is heated to 473-523 K under a pressure
of 1-10 bar in presence of cobalt or nickel as
catalyst. Under thase conditions, a mixture of
hydrocarbons is produced which can be refined as
discussed above.

473 -523 K, 7 - lO bat
CO + Hz Mixture of + HzO

(Excss) Co or Ni hydrocarboru

The overall yield ofpetroleum produced by this
method is higher tlan that obtained from t\e Berync
process (discussed below) but the qualig is poor.

(ii) B€rglus process - Hydrogenation of
Coal. In this process, coal is finely powdered and
made into a paste with healy oil. The paste is then
heated in a current of hydrogen at TB-873 K at
200-250 bar pressure using iron oxide as a catalyst.

m-873 K 2!0-50 bar
c+H2

Iron oxidc

Krucking nay be Wrud as pre-ignition
Iuelair mirtun in lhc cyfinder ahead oJ the
Knocking reduca efiicicncy o! lhe engine and ako
cat{:ses ddmage to thc cllinder dnd lhz piston oI the
engtnc,

Thus, the o(tent of ktrockirg depcnds upon
the quality of thc fuel used. In other words, a fuel
which produces minimum knockhg is considered
as a good quality fuel. The anti-knocking properry
or the quality ofa fuel is usually expressed in terms
of octane number-

Octane number. Octane number is a scale
which is used to determine the quality of a fuel in
an internal combustion etrgine. It has been found
that shaight chain aliphatic hydrocarbons have a
higher tendency to btock lhat branched chain
hydrocarbons. Tko pure hydrocarbons have been
selected as standards. n-Heptane, a straight chain
hydrocarbon, knocks very badty when used as a
fuel. Dueto its poor anti-knocking properties, it has
been arbitrarily assigned an octane number ofzero.
On the other haad" 2, 2, +trimethylp€ntan€ or
iso-octane, a branched chain hydrocarbon, has the
highest antilcrocking properties. Thus, it has been
givea an octane number of 100.

cH3-cHz-cH2-cHz-cH2-cH2-cH3

'l-Hcptanc(Octanc numbcr takcn as zero)

CH, CH,t | . l-s
cH3 -2c-al{2 -4cH-cH3

I

CH:
2, 2, ,+-Trimcthy'pcntanc or Iso-o.(anc

(Octanc numbcr takcn as 100)

All the fuels are then graded on the basis of
their octane number rangiDg from 0 to 100.In order
to do so, various mi:dwes of these two hydrocar-
bons are tried in a test engine till a mixture is
formed which produces the same knocking a^s the
fuel being tested. The percentage of iso-octane in
this mixture is then taken as lhe octate numbel
Thus,

Octam runbnuy tlst bc d$nd as tlu FcseS,
of iaaac $vohutu inaminmolisawuil

For example, afuel is assigned an octane num-
ber of90ifit has the same anti-knocking properties

Mixture of
hydrocarbons

The overallyield of petroleumby this method
is lower than that obtained from Fischer{iopsch
process but the quality is better.

Due to depleting petroleum resewes in the
world, these synthetic methods have received con-
siderable interest particularly in countries which
are rich in coal but poor in oil.

15,11.6. Quality ofgasollne - Octane number
Gasoline is mainly used as a fuel in internal

combustion engines of scooters, cars, aeroplanes
etc. In the operation of such an engine, during the
downstroke ofthe piston, a mixture ofgasoline and
air is drawn into the cylioder. During the upstroke,
the mixture is compressed to a small volume and Ls

instantaneously ignited by a spark from the spark
plug to produce CO, and HrO. As a result of
combus urs and
the hot thereby
making

The efFrciency of such an engine depends
upon the extent to which a gasoline-air mixture is
compressed at the time of ignition i geqter the
complession, grcatet k the efftcimcy. But increase in
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as a mixture of 90 percent iso- octa[e and 10 per-
cent ,l-heptatre.

All good quality gasolines used in motor cars

,have, an. octane number of 80 or higher, while
gasoline used in aeroplanes has an octane number
of lff) or even higher. Recently, it has been found' 
[hat-cei-tain- hydrobdrbons are even worse than z-
heptane and are assigned octane numbers of less

than zero while certain others are even better than
iso-octane and henca are given octane numbers of
greater than 100 . For example, n-nonane has at
octane number of - 45 while2,2,3- trimethylbutone
or triptane has an octane number of 125.- -ihe 

determirration of octane numbers of
vari- ous hydrocarbons has revealed the follow-
itrg facts:

(i) Straight chain alkanes have very low octane
rutmben- As lhe length of the choin inteases, lhe
oclone ruunber fufther decrvoses. For example, oc-
tanc number ofmethane is 122, that ofethatre is 101,

of propane is 96 and ofbutane is 89.

'(ii) Braached chain alkanes have high octate
numbers. As the utent ofbmnchingincrcases, octone
nu m b e r lwlh er i nc re o s e s,

..@fl Cycloalkanes have highet octone number
lhdt the correspondiq straigllt chain o.lkanes.

(iv) Unsaturated hydrocarbons i.e., alkenes and
all<ynes have higlter octsne numbers thon the cor-
responding sfiaight chain olkanes.

(v) Aromatic hydrocsrbons have very high oc-
tane numben.

It has been found that the gasoline obtained
by the process of cracking has a higher octane
number than gasoline obtained by direct distilla-
tion. This is due to tbe reason ahat ahe Uacked
gdsoline contains a higher percentage ol alkenes,
bronclrcd chain aliphatic hydrocarbons and
aromatic hydncarbons. The octane number of a

fuel can be further increa.sed by the process of
reforming which involves a number of processes

snch as isometkotion, dehydrogenation and cyclim-
tion of acyclic hydrocaftons.

15.11,7, Anti-knocklog sgents or gasoline
addltlves

The problem of knocking in internal combus-
tion engines can be checked in two ways :

(i) By wi.ng fuels o[ higher octane number as

discussed obove.

(ii) By the addition ol ceftain conrpounds to the
gasoline which reduce knocking. These sre called
anti- knockiog ag€nts.

The overall order of decreasing octane num-
ber for various hydrocarbons containing the same
carbon cootent rs '. gromatic hydrocarbons >
qtcloulkanes > alkenes > bronched chain alkanes
> struight chdin olkane!-

The best known anti-knocking agent is
tetrqetb'l leqd ('fEL), Pt(CrH)o which is added to

the extent ofO 0170 in the gasoline. Such a gasoline
is called elhyl gasoline or leaded gasoline. In the
cylindet of intemal combustion engine, tetraethyl
lead decomposes to ptoduce ethyl radicals. T\ese
free radicals combine with straight chain alkanes
and convert them into branched chain alkanes. As
a tesull, octane number increases and the knocking
decreases.

Heat
Pb(qHs)4 

-
The lead deposited in the cylinder is removed

by adding 1, 2- dibromoethaae (ethylene bromide)
whch decomposes into ethene (cthylene) atrd
bromine. The bromine thus obtaitred combines
with lead to form lead bromide which being vol atile
is carried off from the engine by exhaust gases.

BTCHTCHTBT -"'- CHz = CHz * Brz

Pb f Brr -- PbBrz (volatile)

Pollutlon problem. An internal combustion
engine discharges many gaseous products into the
atmosphere. ThEse include CO2 , H2O , CO,

oxides of nitrogen, unburnt hydrocarbons from
gasoline and certain compouads of lead. Some of
these products are higbly poisonous aad thus pose
a pollution problemfor the malkind. The gravity of
pollution problem has further aggravated due to
the ilcreasing use ofautomobiles in the recent past.

To check this problem, the following measures are
being undertaken :

(i) In order to oxidise unburnt hydrocarbon^s
and CO to CO, and to decompose oxides of
nitrogen to Ditrogen and orygen, the u se of cqtalytic
converter ia lnlertal combustion engines is increas-
ingly being used. In this regard, Goverment oflndia
has ordered that all the new cars meant for use in

Pb + rcH3CH2
Ethy' radicals
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metropolitan cities of the country must be fitted
with catalytic converters.

Q'i) As far as possible, thc use of tetraethyl
lead is being avoided by increasing the octane num-
ber of the fuel by adding more aromatic and
branched chain aliphatic hydrocarbons to it.

Instead of using petrol or diesel, CNG is now
being used as a firel for running buses, cars and
three-wheelers in metropolitan cities like Delhi,
Mumbai, Kolkata, Chennai etc. lts octane number
is 130. Since the combustion of CNG is complete
without any unburnt carbon being released hto the
atmosphere, the use ofCNG has reduced pollution
to a cotr.siderable exteot.

15.11.E. Quality of dlesel -Cetane number

The quality ofdiesel fuel is expressed in terms
of cetane number. It is defined as follows : -
Cenrc nurtcr d a sdDtpb oI di6e I is tb perceru.
age ol catae by vofume in a minrn of celane and
a-methlbnphlhabne yhich hnt tlo same i$ilion
properties os tlu disel aader @ninetion in d, tN
cngrnr-

Cetane (n-hexadecane, C,.Hr) ignites rapid-
ly and is given a cctane number of 100 whereas
a-methylnaphthalene ignites slowly and is given a
cetane number of zero.

MIXTURE OF LOWER
HYoRocARBoNs <t

(]-Mcthylnaphrhalcne
Cetane No. = 0
(Igrities slowly)

For examplc, a diesel oil having a cetane num-
ber of 80 would have the same ignition properties
as a mixture of 807o cnt ane and 70Vo a - methylnaph-
thalene.

A somple of diesel has the
samc knocking characteristics as a ntl mirtwe oI
cetane qnd, q-methylnaphthalene mixed in 2 : I ratio
(v/u). lyhot is the cetane number of the diesel
sqmple ? (N.C.E.R.T,)

cH3-(cH2)14 - cH3
Cctsne (rLHcxadccane)

Cetanc No. = 100
(I tt, i t es s p o h Mn. o us b)

Solutlon. Vol. of c.etane = 60 x I = m ml

Vol. of a-methylnaphthalene = 60 x I = 2O ml

. . Cetaine number of diesel sample

=ffixroo:oo.o.
l5 l2 Petrochemlcals ': ":':1": " ': 'i:: 'i::r :1: 

""":r"':1:":::':: 
":"]ii:-:":"::';:i"

Organic compounds obtained directly or in-
directly from natural gas or petroleum are called
petrochemicals. The major hydrocarbons obtained
from petroleum refining are given in the flow-sheet
chart given in Fig. 15.31.

PROPENE

FIGURE 15.3f. Hydrocarbons from petoleum reffning.

BU GEN
ACETYLENE<-METHANE
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Methane is the
major source for
methanol, formal-
dehyde, formic acid,
halogenated methanes
such a-s methyl halides,
dichloromethane,
chloroform, carbon
tetrachloride and mixed
halides like freon (Fig.
15.32). It is also used for
making carbon black,
acetylene and synthesis
gas or water 8as
(CO + Hr). Hydrogen

from synthesis gas is

used for hydrogenation
and nitrogen fixation.

co+H2
(Synlhesis 9as)

co+3H2 c + 2H2
(Carbon blado

-EE-;' ccr2r2

FIGURE 15.32. Industial Preparation ofsome important chemicals from melhane

Ethylene oxide prepared
from ethane can be co[verted into
a large number of organic chemi-
cals such as ethyl alcohol, acetone,
acetic acid, acetaldehyde, ethylene
glycol and its monomethYl deriva-
tivc, ethylene chlorohYdrin and
ethylene cyanohydrin as shown in
Fig. 15.33.

These petrochemicals are
widely used in the manufacture of
iso-octane (aviation fuel), plastics
(polythene, polydnYl chloride
(PYC) etc.), rynthetic frbres (lylorl.,
terylene, dacron et c.), synthetic rub-
be4, insecticides, peslicides, deter'
gents, dyes, petumes, e.xplosives etc.

ce,Inep;**tlal,R,*?--".,,PJ"-"."n9,

(J I Is it possible to isolate pure staggered ethane or pure eclipsed ethane atroom tempcratur€. ? Explai['

Ars. The eoerry differeoce between siaggered and cclipsed forms ofethane is just 12 55 U mol-,1 whictl is easity
'-'"' 

"J 
iy lSiri.i,rns of the nroleculesli room temp;rature. Therefore, it is not Possible to isolate either Pure

saggered or Pure eclipsed ethane at room temPerature'

(J I CoNider 2-methylProPane (tsobutsne)' Slghtln8 along Cl - C2 bond :

(i) Dro\f, Newman proiections for the most stable rnd the least stsble conformation'

(ii) tta methyl-hydrogen interactiol costs 5 t5 kI mol-r anrl q hydrogen'hydrcgen ltrteraction costs 4 lt

kl mol-r of energy, calculate the enerEr difference between these conformatioEs'

Ans. 2-Methylpropaoe may be regarded as 1, ldimethylcthaoc-

FIGURE 15.33. Indushial Pispamtion of some
important chemicab from eth6ne.
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SiShting aloDg Cl - q bood, the Newrnan projectionsfor the most stable and least stable cooformations are:

cHs
I

cH3-cH-CH3
12

ECLIPSEO
(/ead st Drr)

Now eclipsed conformation has two methyl-hycrogen aod one hydrogel.hydrogen interacrions, there[ore, the
energy of eclipsed conformatron is expected to be more than that oa sbggered conformatio; by
2 x 5.85 + 1 x 4. 18=15.88 kJ mol-r.

Q. 3. YVhy propanc has o[ly onc rdlp6.d coDforEatlor ntilc hutatrc hos tr?o ? Explalr.
For purpose ofrriting conformations, propane may be regarded as l-mcihylethane while butane may be
regarded bas I , 2- dimethylethaoe. siDce propaoe has oDly one methyl group, therefore it has only one eclipded
conformation iD wbicb rhere is one stroog methyl- hydrogen interiction ind two wcak trydrolen-hydr6gcn
interactions. (For Nswman projection of rhis co ormation refer ro Fig. 15.10).
Howwer, in case ofbutane, there are two methylgroups, one each on each carbon alrd he[tce has two eclits€d
coDformatioDs.

(i)fully eclipred confonnatioz in wh ich there are one severe merhyl.methyl inreraction and two weak hydrogcn-
hldrogen iDteractions.

(ii) panially eclipsed conformotion iawhich there are two sroDg mcthyl-hydrogen intcractions aDd one w'ak
hydrogen-hydrogen interaction. For Newman projections of these coo-formatioins refer to Fig. 15.11

cHa

I
I
I
H

STAGGEREO
(nDsi sL!r.)

Q. 4. Whtch ofthe follo irg has th€ highest botling poina ?

(0 2-methylpentone (ii) 2,3dimethylbutare (rri) a 2diDethylbur&Dc.

(N.C.E.R.T)

(N.C.E.R.T)
A!rs. As the branchiDg increas€s,surfacE area decreas€s. As a result, magnitude ofy4, dcrvaal's totccs ofatLra.,;ion

gecrgas: and hgnf the boilin€ Point decrmses. Norv 2- methylpe;tane has the largcsmurtice area anJ trence
bas the highest boiling Point. Fbrthcr because of two brancheion thc same carbo;, 2, 2dimcth,'lbutarc has
lower surface arca and heDc€ lo$rr boiling point thal 2, 3-dimethylbutane. Thus, the overalf orOer rif oeciiasira
boiling points is

2-methylpentane (333 K) > A 3dimethylbutane (331 K) > 2,2- dimethylburarc (323 K).
Q. S What effect the braDchiDg of atr al}rne ho6 oD ias meltirg point ? W.C-ER-X)
Ars. In general, as

and hcnce thc
packing of the
m.p. of isopentane ( I 13 K) is lorrcr than of n_ pen
higber than that of isopentane and n-pentane.

Q 6. fznr-Flrt-2-cne is polar whlle rrEli- but-2-etrc ls Dor-polrrl ExI,l8lD.
ADs. In rraru-bur2€ne, rhe dipole moments of the two c-cH3 bonds are equar and opposite and hence tbey

exactly cancel out each other. Thus, r4ar_but_ 2_ene is non_polar

""'\=.-H cH:cHz\^ 
^---H11----- -\611, H-..-\--\cn3

tt=O p>0.
Ho*cver, in acns-pent-2+ne, the dipore momenb of G-cH, and c-ctl2c'3 bo[ds are unequar. Atthough
these two diPoles oPposc each other, yet they do not emctly caucelout each othir and hencc I,:arlr-W'|t-z/3;has a small but fioite dipole moDent atrd rhus is polar.
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i -) i Predlct the proilucts whe[ each oDe of the following I

(a) Cyclobutene (r) 1-methylcyclobutene ard
(c) 1, 2dlmethylcyclobutene'
is srblected to
(i) hot KMnOa solution

(ii) ozone followed hy treotmentwith

1-Meth,'l
c).clobutcne

cHr

Hot KMnoa cHrlt = o

ot (i) O3, (iD Zn/HzO

1,2-Dimethyl-
c],clobutene

(-) tt IIow will you Prepore 3'methylbut-1'yne by starting with ethyne ?

Na , NHr(I)

CtL CH'
tl

HC = c-N:r+ + cHr-aH-l 
- 

ctl3-CH-c=cFI + NaI

lsopropyl iodide 3- Mcthylbut-1-yne

ll.iHow.Ilyouprepare(i)cis-Pent-2-eDennd,r4,s.p€nt-2.enebystartingwlthcthy[e.
cHrI

HC = C-Na+ 

-
- NaI

CH'-C=C-Na+

cH2-cHO
Ans. (/,) |

cH2-cHo
Butanc-1,4_dial
(succinaldahyd.)

s cIt3
I3cH,J5 

= o
(b) I I

2cHz-cHo
4-Oxopentanal

Hot KMnoa CH2-COOH
I

tHr-coou
Butanc-1,4-dioic acid

(Succinic ocid)

'Qn,
I

Hot KMnoc 3cH2-1C = o

-l r

'cH2-cooH
4-OxoP€ntanoic acid

(D or

(ii) 7:t/H2O

(i) or

(ii)Z^/H?o

(c) 1,,.1. = o' 
[,,

Hexanc -2, 5 -dionc

a1s. 11e = CH
EthFc

HC = C-Na+
Sod. acetylide196 K

Na, NHr O
Ans. HC = CI{

Ethyne 196 K

Na, NH, (l)
CH3-C=CH

Propync

cH3cH2l

- NaI196 K

H2 / Pd-BaSoa
+ S orquinoline

crj-Pent-2-enc

CHr-C = C-CH2CH3
Pcot-2-Ync

.Hr...-^ Y/,cHzcH3
H.,' \fl

i@ls -Pcnl-2- cnc

e I0, shning wlth scftylctre, h tYtll you prcPar! pentan'2-one ?
'1o* 

nr"prr" p"rt-2-yne as discussed in Q' 5 and then convert it to Pe[tan'2-one by trydratic;l'

cHr..- 
^

H.'
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60z. H2so4. Hsso4 I ?t L,","-"""*
cl l3-c = c-cH2cH3 + H2o .- lcH3-c = cHCHrcH3l

Pcnl-2_Yne 333 K l-

o

cH:-&--cu:crrzcn:
Pentan-2-one

(J I L Acetylene reacts wlth dil. HrSOa in preseDce of hercury salts to give acetald.hyde but with dil. HCI under
sirnilor colditions, it gives vinyl chloride. ExplBin why ?

Ans. FiNt of all nlcrcury ioDs form a complex (I) with acerylene. Sinc€ H2O is more oucleophilic than SO?- ion, it
attacks the complex to form tirst vinyl alcoholwhich then tau{omeris€s to give acelatdehydc

/--\ -, H.:o I H- -oH I rautorncriscs ?H-c: C-II + tlg2+* I'I-C.=.C-H .l )c=c.- I '--*--'-*, CH1-C-H
Acctylcnc iir" -ng,* L H -v,nr,un.n), I Acaardchyde

Comptcx (I)

In case ofdil. HCl, since Cl- ion is more nuclcophrlc than H2O, it reaclswith complex (I) to form vinylchloride.

"f,*:,;i;>"(;\ ><. Viny' chloride

Q. l2 Horv will you separate o mirdure ofethane, ethylene and acetylene ?

Ans. Thrs mixture can be separated into its constituents by the follo$ing steps :

Step 1 Pass thc mixture ofgases through lbllens' reagent when acetyleDe willform white precipitatcofdisilver
acetylide while ethane and ethyleDe will pass through.

HC = CH + 2 [A8(NH3)21+OH- -... AS-C = C-A8 + 4 NI-I3 + 2 H2O
Acetylcne Tollens, rcatent Disiher acctylide

Separate thewhite ppt. by fillration and treat it with dil. HN03 to regenerate acetylene. Crltect it in a separate
contaiDer.

Ag-C = C-Ag + 2 HNO3 * HC=CH +2AgNO3

Step 2' Pass the mlxture ofethanc and ethylcne through cold conc. H2SOl wheD ethyle[e will be absorbed as

ethyl hydrogen sulphale while ethane escapes. Thc eihane thus obtained i$ collected in a scparate contaiDer.
Cllz = CHz + H2SOa (corc.) 

- 
CH3CH2OSO'OII

Ethylene Ethyl hydrogen sutphalc
The ethylhydrogen sulphate lhus oblarDed is heated ro 433-443 Kwhenethylene isobtained which is collccted
in a separate container

cll3cH2osorH :!: *3K 
cH, - cH, + HrSoo

Q l-r. A coniugoted alkrdiene hoving molecular forrnula Ct3H22 on ozonoljrsis yielded ethyl methyl ketone and
cyclohexonecarbaldehyde. Identify the diene, lt.rite its structural formula srd give its IUpAC name.

(N.C.E.R-T)
Ahs. The structures ofthe products of ozonol)sis are :

"rr_"-O
cHrctt2/
Ethy' mcthy kctonc (C.H!O)

and o=cu-Cl
qrclohexanecaIbatdehldc

(9Hrzo)

A
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since the totalnumber ofcarbon atonts ofthe two Products is l1 (4 + 7), therefore, the ozonolrsis must have

also produced another two carbon product. Further since the SivcD comPound (ct3l:12, is an alkadiene,

therefore, this two carboD product must be glyoxal, o = cH-cH = o. Replace the orygen atoms from these

three products by double bonds, the structure of the alkadiene is

ttt'-'- 
I = 3,,-3., = lH-1]

6s/\--J
()13clI2

1 -(i(lohexyl-4-nrethylhexa- l, 3-diene

Q. ll.Whynrcm4jugntrxlrlienesmorereactiyethflrralkcntsoralkjmestowardselectrophilicrdditiotltt{diotrs?

Ans. The relative reactivity ofalkenes, alkynes and coDjugated dienes depends upoo the stability ofthe carbocations

,h .lcclroPhile. Thus,

/\+
2-cH2-Br cH+cH +'Br+ .... cH=cH-Br- (I) Eth,'ne II

./'\+I ...* Rr-('u2-cHlcHlct12 ....- Br-cHr-cH=cH-cHz
Buta-1,3-diene lll

Amongst the carbocalions (t, ll and I ll ), lhe crrbocation (lll) resultin8 fronl buta-1, 34iene is the mosl stable

since iiis stabilised hy resonance. Oul ofcarbocations (l ifnd II), carbocation (ll) resulling from alkyne is less

siable since thc +ve charge is locared on a more etectronegative ,rp2- hybridised ca fion.'Iht s,lhe stoh_ihty.oJ

corbocationt lollows theTrder : III > I > II. Accordingly, the reoclivily decreases in the same orderi ie.,

conilgoled diene > olkcne > allcyne.

Q. l -<. How will you distinguish between lruta-t, 3'diene and but'l-yne ?

Ahs. But-l-yne is a, errninal allqne arldlleDce can be distiDguished fronr buta-I, 3dieneby Tbllons'reagenr which

forms a white ppt. with but.1-yne aDd but Dot with buta-1,3-diene.

CH3CH2-C = CH +
But-1-ync

[A8(NH3)2]+OH- * CHTCHz-C = CAt + 2 NH3 + H2O

Tollens'r€iBcnt Sit,rr but-l -ynidc
(t hitc ppL)

CI12=CH-CH=CH, + lAg (NH3)zl+ oll- -.- No reactioo

Buta-1,3-diene
(-) l6 whnt arc the main constitucnts of LPG ?

Ans. The main coostitueDts ot LPG aro butane and isobutane. Both these isomers can be easily liquefied and hence

can be conveniently tramPorted in iron ryliDders.

Q l7 Out of 2, 2, 3-trimethytbutane, 2, 2, 4- trimethylpentane and Z' 2, 31 3.tetramethylbutqne which has the

highest octane number. ExPIain.

Ans. Since the octaDe nuolber increases as the braDchinE iDcreases. Therefore, 2, 2, 3, 3-tetramethylbutane having

four branches has the highest octane Dunlber.

Q I ll. why do the C-c honds rnther tha[ c-H boDds l,reok during cracking of alknnes ?

tus. Since the boDd dissociarion eDer$/ of C-C bonds (355 kJ nol-l) is lower than bond dissociation eoerry of

C-H bonds (414 kJ nrol- 1), therefore, during crackinS ofalkanes, C-C bonds break more easily than C-H
bonds.

Q 1'.' Iryhat is solvent naPhtha ? what is its use ?

Ans.Duringcoal.tardistillation,variousfractionsganbecollecte(l.Thefractiondistillingbetween4l3-433,Kis'---' 
*1ia'roti"nt naphrrra. It mainly contains l,ylenes aod cunenes a'd is used as a solvent for resins, rubbcrs,

paiDts etc.
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CARRYING 1 MARK

Q. 1. ctve the IUPAC noE.e ofth.lowrat Eolccular welght allsre t[ia cotrtaitra s quatemo"]r carbor,
ADs. 2,2-Dimethylpropane.

Q. 2. $Htc the IUPAC namcs ofthc followilrg molccules :

127456
Ans. (a) CH, = CH-CH-CH = CH-CH

I
CH,

3-Merhylhepra- l, 4, 6-tri€nc

75132t
= CHz (6) HC = C-CH-CH = CH,

I
CH:

3-Mcrhy'pcnr - I -cn-5-yne

(a) CH, = 611-61r-CH = CII-CH = CH, (r) IIC = C-CH-CII = CHz

cHr elrs

Q. 3, Draw the structures ofthe following shorving all C and H atoms.
(a) 2.Methyl-3-isopropylheptene (r) Dicyclopropylmethotre.

Ans. (a) CH 3-CH-CH-CH2-CH2-CH2-CH3 (D)

c r cH_CHl

t,,
2- Me(hyl -3-isoprop,lhcptane

Q. 4. In the hlkare,
II3C-C}I2-C(CE,)2-C!I2-CH(CH3)2, identify 1., 2.,3o carbon atoms anil give the total number of
H-atoms bonded to each ofthesc.

1' 1"
CH. CH,

r'2' li' 3. 1 -rAns HrC-CH2-C-CH2-CII-CH3
I

I'CH:
l'H=3+3+3+3+3=15,
2.H=2+2=4;3.H=l

Q. 5. fuTartge the following ln ircrelsing order ofthelr rcleas€ ofGner*y on combustion.

c,)z\,Ao^ atD AM (,,VA,A

ADs. More the llumber ofc-atoms having maximum hydrogeDs, i€., CH3 groups, greater is the heat ofcombustion.
Thus the incrcasiDg order of hcat of combustion is (iO < (,r) < (r) < (tr).

Q. 6. Write the structuie ofsll alketres whlch otr hydrogedation gi},e 2- Eethylbutane. (N.C.E.RT.)

9H: CH, CHT

i- l" IAns. (i) CH, - C-CH2CHr (ii) cHr_C = CHCH3 ( ) cHr_CH_cH = cH,
Q, 7. Which ofthe follot ing polymerises most readily ?

(i) Acetylene (ii) Ethene (iii) Butn-I, 3- diene. t,\t (. /_. n 7t )

Ans. Buta-l,3diene being more reactive undergoes polymcrization readily. Tbe actual order is: buta-1,3{iene >
etheDe > acetylene.

Q' E Arrange the following set of compounds in order of their dccreasitrg rclativc r€activity with aD electrophile,
E+.

(N.C.t.R7:)

(NC.E.k7:)

(N.C.E.RT)

X,i>*-"",-""<[X;
Dicyclopropylmcthanc
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(i) Chtorobenzener 2' 4-dinitmchlorobenzene'p' nitrochlorobenzene

(ii) tohene, p-H3C-C6H.-CH3' p'H3C-C6H3-NO2,P'O2N'-C5Ha-N02

Ans. Elertrondonating groups incacsse the rcactMty while clcctron- withdlafling Sroups decrease the r€activity.

Thus, (i) chlorobcmene > P-niirochlorobenzene > 2, 4- diniirochlorobeozene'

(ii)p-CH3-{5H.-CH3 > toluene > p-H3c-c6H1-No2 > pNor--{oH.-No,

Q,9. Indicote the Pdmary recordory tertiory trtld qustcmtrry clrbon otoms ln the follofing !

(, 3-Ethyl-2-methylhexane (ii)2'2'4'TiimethylPentane'

l'
Q. 10. Name the chain isoher ofCsHt2 which has e tertiary hydro8en atom'

Ans. z-Methylbutane, (CH3)2CH - CH2 - CH3.

Q. 1I. What type oftsomerisrn is shorm by l,tltal|e arld isobutAnc ?

Ans. Chain or nuclear isomerisD.

Q, 12. Why is cycloPropnne very leactive ss compl|red to cyclohexane ?

Ans, ID cyclopropanc, the ring is quite strained since the c-c-c bond angles are ol'tly 60'as compared to lt)9"

28' in cyclohexane.

Q. 13. Which ofthe following shows geometricsl isomerism ?

(i) cHcl=cHcl (ri) CH, =c61, (iir) ccl2=cHcl

Give the structllres ofits cis &nd ,lors forms.

Ans.only(i)iaC|CH=CHCIhastwodifferenlsubstituentsoneachcarbonatomofthedoubleboodandheoca' -- - 
ltt oiJ j"om"t.ical isomerism. Ttrc otber two compou nds, i.d. 0i) aod (iii) do not show Beometrical isomerism

becausi one of the carbon atoms of the double bond in each case has two identical atorD.s,I.e CIatoms.

H-..-^/H
ctl"-'\ct ')"=.-t'ct/ \H

cir-1, 2-Dichlorccthcnc ,r4ru - 1,2 -D ichlorocthcn e

Q.14.Hot?msnystructuralstrdScometrlcallsomerca]eposgibleforocyclohGxsD.dGrivativehsvlt!8the
molcculor formule, CSHta ?

Ans. Five sructural isomers: ettrylcyclohemne , l, I ; 1,2 ; 1,3-and l, 4dimethylclclohexanes. six Seomctrical
Lsomen since each of l, 2 ; l, 3;od 1, 4dimcthylcycloheEncs has two Seome6ical (ci' 8nd 

'146) 
isomers'

Q. 15. What typc ofhybrtdlzatioE l$ lnvolYrd ln (i) planar nnd (it) liEe{r molecules ?

Anc. (i) sp2 ard (ir) rP.

Q, 16, Vhlt oll the possible lsourert for s b.nrcne derlvatlve havlog tbe molcculsr fonnulo qHlo'

Atrs Four isomers ; ethylbenzene, o-xylene, m'Icllcne and P-rlleDe. For sructurcs refer to the tsxt'

Q.17. Hovwtllyou separetc PrcpeBe ftom pmPyne. (\IC:I;RI)

Ans By passing the mixture through amm. AgNO3 solutioo or amm' CuCl solution whcn ProPyDo reacts while

Propene passes ovcr.

Q. lE. A ornpound ts lormcd by thc sub6tltutlott oftrvo chtorltrG atoms for two hydFogcn rtoms ln proPsnc' What

is the number ofstructural isomers poqslble? (B'I'T Ra'lthi' 1992)

Arls. Four: t, l-dichloropropane (cH3cH2cHcl2), 2,2- dichloroProPane (cH3cchcHs), 1, 2dichloroPropane

(cH3CHCICH2CI) and 1, 3dichloroProPane (clcH2CH2CH2CI)'

Q.19. Give tbe structure ofsn optlcolly actlYe hydrocsrbon (caHr2) vhich on catalytlc hydrogenatlon Sives on

optically lnactive compound (CaHr). I.l 'l: 199.1)

(N.C.8.R.1:)
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Ans. 3-MethylpcDt.l-ene

gHr cH,
l- H:/Ni I'

CH, = 611 -'CH -CH2 -CH3 .+ CH3CH2-CH -CH2CHJ
3- Methylpcnr - l-ene 3 - Methylpcntanc

(Opticd y octive) (Optica ! iaacive)

Q. 20. Arrange the following in the i[creasing order of C-C bonrl length CrH5 , C z,Ja, C2H2

rl;1.t. Rath l|tJ t

Ans. CrH, . QH+ . QHc.
Q. 21. Nnmc two industrial sources of hydrocarboDs.

Ans. Coal and petroleum.

Q. 22. What does LPG stand for ?

Ans. Liquefied petrolcum gas.

Q. 23. What type othydrocarbons are present in high octoDc gasoline ?

ADs. Branched chain aliphatic aod/ or aromatic hydrocarbons.

Q. 24. W[Et are th€ chief constituents oflight oil fractior?
AIrs. BenzeDe, tolueDc and ryleoes.

Q. 25' N me the products formed whetr on ethereol solutiol conteining ethyl lodldc and methyl lodlde ls h.oted
with sodiurn metal.

Ans. A mixture ofethaDe, propane and butane is formed.

Q. 26. Out ofethylene and acetylene which is more acidic and why ?

Ans. Ac€tylene, due to greater elcctronegatMty of theJp. hybridized carbon.

Q. 27. What is Llndlafs catalyst ? What is it used lor ?

Ans. Pd dePosited over CaCO3 or BaSOa aod partially poisoned ry addirion oflead ac€late or sulphur or quinoline.
ft is uscd for partial reduction ofalkynes to cu-alkenes.

Q. 2t. Deline cracking ?

ADs. The thermal decomPosition of hiSher hydrocarbons into lo$'er hydrocarbons in presence or abaeDce of a
catallst is called cracking.

Q. 29. What scsle is used for measuring the quolity of gssoline ?
Ans. Octane nunber.

Q. 30. writc the structure ofthe olkene which on reductive ozorolysis gives butsnore and ethanal.
Ans. CHTCHTC(CH3) = CHCH3 (3-merhyt-2-penrene).

Q, 31, Whrt is tetlon ? What is it used for ?

Ans. Poly (terrafluoro€thylene) is called tcflon- It is us€d for nraking non-stick utensils.
Q, 32. Nome two reagents which car be used to distinguish betwcctr etheDe atrd eahyoe.

Ans. 'IblleN' reageot and an)moniacal CuCl solutioD.

Q, 33. How con ethylene be coryerted irto ethare ? | R. t..l: Ratu.ht I ,9 n t
Ans. By ciralytic reduction with H2 ill preseoce of dckel a[ 523_573 K.

Q' 34' How will you detect the prescnce of unsoturatior ln sr oBanic co,pould ? l]v. t,.N. R. Altal&hfld t ,t)t) )
Ans. Eitber by Baeyer's reageDt or ry Brz in CO4.

Q. 35. Explsin the term knocklng. A_sa[ple of petrol produces the sa'e koockhg properfl* 06 the mlxturccont5ining 30%,r-heptane and 70% iso_oetane. What ic the octane nurnbcr oflhc sample ?

A-ns, 70. 
(l s tl l)ln'ind l9t)ot

Q' 36' Write the structural formuroc of o, ahe possrbre lsomerc of c2H2cr2 ,nd rndrcate which ol thero rs
noo.pofar ? (M.I,.N.R. Aunhahdd lltg)\
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Ans

Q. 37.

Ans,

Q. 3&
Ans

Q. 3e.

(i)cir-l,2dichloroctllene(ii)bai.c-l,Z4ichloroetherleand(i'i)1,1'dichlorocthcne(ii)isnoD-polar]
Use Markor nikofs rule to Predicl the product of the follorf,ing rreactiotrs :

(i) Hct r/ h cH3ccl = cHu end (i) HCI with cIIrcH = c(€H3)2. (I.S.LI. Dhanhdd 1992)

CH3CCI =CH2+HCl 
- 

CH3CCI,CH3

cH3cH=c (cH3)2 * tI61- CHTCH, - CC(CHlh

Arrsuge the follon'ing in order of increasirg volAtility : gRsolhe' kett6eDe tlDd dicsel' I Il' l 'l: Rntu hi 199 ) )

Diesel, kerosene, Sasoline.

Arrange the following : HCl, HBr, IlI, HF in order of decfeasirg reactivity towords slkenes'
(llt.L.N.R. A dhalfld 1993 )

Ans. HI > HBr > HCI > HE

Q. 40. Giye ihe structure of the alkene (CaH6) whlch adds on HBr l[ the Presetrce and in the absence of Peroxiile

to give the seme producq CaHgBr. (r.l.T 1991)

Ans, 2-ButeDe (b€iDg synmetriqll gives the same Product i e', 2-bromobutane)

Q. 41. Give the structure of nn alkene (CaHt) which when treated with H2o / H2so4 Eives C4H1so which carrot

bc resolvcd inio oPticsl isomers.

Ans. 2-MethylproPene or isobutylene on hydration Eives 
'-bulyl 

alcohol which is oPtically rnactive The other two

butcneJ, ie.,'1-butene and i-butene wilt give 2-butaDolwhich can be resolved'

Q. 42. A.lthough benzene is hlghly unsnturated, it does not underEo addition reactions'
l,V.I'.,\:.R. /rlhInhd !1 I995)

Ars. Because of extra stability due to delocalization of rr.electrons, tbe double bonds of benzene usually do not

undcrSo additioo reactions.

Q'43.Howwillyoudemo[stratethatdoub|ebondsofbenzenearesom6?hotdilferentfromthatofolefiDes?
\lli'st Il e wal J. 1,. Ii. 2 001 t

Ans. The double bonds of olefines decolourize Br2 io CCla aod discharge tbe pink colour of Baeyer's reagent with

simultaDeous formation of a brown Ppt. of MoOz wbile lhose of benzene do not

Q. 44, Which one of the follorYing has the maximum number of 
'-boDds - proPytre, butailiene' benzene ?

(llcn llngnl I L L, )001)

Ans. Benzene has three z-bonds while proPyne and butadiene both have two t-bonds each'

Sec- 15.1. l.
lo 153.

What are alkanes ? Why are they called paraffim ?

Draw the structure of 2, 2, 4-trimethylhexaDe and indic€te ho many each of the 1'' r' 3'and 4'

carbons does it coDtain ?

Comment upon three dimensional structures ofalkanes and their Plaoar represeotations'

Write the struciural isomers of CsHlz and their IUPAC oames'

How can alkanes be prepared from (i) aD alkeDe, ( ) an alkyl halide, and (iii) a carborylic acid ?

How can thc following reactioDs be used to Prepare alkanes'

(i) Wurtz reac on, (ii) Kolb€'s elecrotfic method, and (iii) Sabatier and Senderen's reactioD ?

Give reasons for the follotPing :

(i) The boiling Points ofalkanes decrease with branching'

i;f 'fr," ol"rtini p"ints of alkanes with odd nunlber of carbon aionls are lower than those with even

number of carbon abms.

(iit) StraiSht chain alkaoes possess hi8her boilio8 Points than the corresPondiD8 braoched chain

$omers.

3.

4.

5.

6,

1.
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ll.
9.

10.

11.

12.

13.

14,

15.

What effect does braDching ofan alkanc have on its melting point.
Give two methods for the preparation ofalkales from carborylic acids.
Starting ftom ethanoic acid, bop will you prepare (i) methane (rj) ethane ?

What is rMrflz reaction ? Ho$, can it bo used to prepare butane ?
l,lfurtz reaction is a good method for the prepararion of alkanes co[taiDiDg even Dumber of carbon
atoms but not for altaDes containing odd ourDber of carbon aloms. Comm_-eot,
Grignard reagcnt on hydrollsis gives a hfdrocarbon, Give equation suggesting another method by
which the hdrocarbon obkined iD tbe above rcaction can be prepared.-
What is a Grignard rcagent ? How is propano prcpared ftom a Grignard reageDt ?

[Ars. CH:CHzCHzBI + M8 + CH3CH2 CHLMEB1 (Gignard rcagent)
CH3CH2CH2MgBT + HzO * CH:CHzCH3 + Mg (OH) Brl

z-Propylmapesium 
_bromide otr hydm[6is gives propane. ts tbere another Grignard reagcnt which

also giws propane ? It so, give i6 name, structure aDd equation for the rcadion.
[Ans. IsopropylrDagnesiuD] bromide, (cH3)2CHMgBr, (CH3hCHMgBr + H2O

_ cHtcHzcH: + M8 (OH) Brl
Discuss briefly the mechanNm of halogenation ofmethaDe.
what is wtrtz rcactioo ? what are irs riminations ? How haie these liminatioos beeD overco,e ?

What is Corey-House reaction ? In wbar way, it rs superior to Wurtz rcactior ?

Write short ootes on: (i) Oxidatron reactiorls ofalkanes. (ii) Isomerization ofalkanes.
Why is rotation abour carboD{arbon single bo.d free ? Wiat type of 

^onterism 
does it lead to ?

[A.trs. Contormational isomerism]

Draw the.sawhorse aDd Neu'man projeclions for rbe staggered and ecripsed conformations ofethane.
Discuss their relative stability. Can these conformationsbe separated i If not, then why ?
Write the gauche, sraggered, ecljp6ed and partially eclipsed conformations oI r-butane- Conlment
upon their relative stabiltty,

Draw NewmaD projection formulae of ,,-butane. @.C.E.R.T.)
Why propane has onlyone eclipsed conformation while butane has two ? ExplaiD aDd give diagrams.

(N.C.E.R.T)
Draw th' structures ofthree Lycroarkane isonrers with morecurar formura c{Hr0 each with a differeDt
ring size. (N.C.E.R.T)
BetweeD the two conformational Nomers oI cyclohexane, I e. , chair and boat forms, which one is more
stabfe and wby ? 

W.C.E-R.T)How can alkenes be prepared from (i) alcohol, and (ii) an alkyl halide ?

How car ethene be prepared from (i) erhanol and 0i) erhyl iodide ?

Give the mechaDism ofdehydrarion ofalcohols.
Chloroethane is treated sirh alcohotic causric potash ? Give another method by which the hydrocar-
boD obiained iD the above reaction be prepared.
Explain lhe following wirh one example :

(4) Dehydrohalogenarion (b) Dehydralion.
Discuss briefly the mechanism ofaddjtron ofBr2 to alkeDes.

Howwillyou test the presence ofdouble bond iD an alkene ? Give chemicalequations for the reactionsinvolved.

Explain why rotatioD about carboD-carbon double bond is hiodered ?

What is the origin ofgeometrical isomerism in alkenes ?

Which of the following alkenes willshow geontetrical isomerisnt ?
(i) Propene (ii) But-2-ene (rii) Burl-ene (iy) 2, 3.Dimethylbut_2_eDe. 

[ADs. (ii) but_z-enel

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

16.

17.

It.
19,

scc. 15.-1. 20.
1o 15.6.

2t.

22.

23.
24.

25,

26,

Src. I-i.7 27.

24.

29,

30.

31.

32.

33.

u,
35.

35.
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37. Draw sttuctures of six isomeric Pentenes, C5Hr0 SPeciry as E and Z to each Se ome lric isomer'

(f{cE.x.r)

Jt'AddilionofHBrtoproPeneyields2.bronropropanewhileinPlesencaofbeDzoylperoxide,thesanre
reacrion yields l- Oronropropane. F-rplttin and give mechanism (rv ("E I( 1;)

39. What is Peroxide effeot ? Why is it applicable oDly in case of HBr aod not in case of HCI or HI ?

40. (4) What is ozonolysis I How can ozonolysis be us€d to determine the positioD of a double bond in

aD unkno\Pn alkene ?

(D) Give the name of the alkene which on ozonolysis Eives oDly propanone'

41. Give reasons for tho follo\ ing :

(i)'I}le melting Point ofc,t-2"butene is lowcr than that of'r4ni-z-butene

(i,) Addition of B12 to clclohcxene gives only ,,a,tr-addition Product'

42. Write notes olr : (i) Markovnikovs rule (ii) Polymeriza tioo of ethene and substituted ethenes'

Ser tS.ti 43. How is acetylene iiepared by (i) Kotu.,s ild"troiysi.li4 oehydrohaloSenation or 1, 2-dihaloalkanss

,
,14'whathaPpenswhencalciumcarbideistreatedwithwater?Givechemicalequationforthercactlon.

45.Describewithalabelleddiagramthe|aboralorynethodofPreparationofa@tylene.Howcanitbe
coDverted to l-butyne aod lbutyne ?

lHinL HC=C-Na+ + CH3CH2I * HC= CCH2CH3 + NaI
Sod acetylidc Ethyl iodidc l-Butyne

Na+ -c=c-Na+ + 2cH3I ... cH3c = ccH3 + 2NaIl
Disodium acctylide Methyl iodidc 2-Butync

46. Write the equation for preparaiioD of propyne'

4T.Alkynesmntaintwoz-bondsbutstilldonotshowseomeiricalisomerismwherea.salkenesclntain
only oDe rr' bond but show Seometrical isl mgrism Comment'

4E. Con]mcnt uPon acidic character of ternlinal alkyoes

49. A@ount for the order of acidity : acetylene > benzeDe > hexane (N'C'E'R'r\

50. FlPlain why are alk,'Des less reactive than alkenes towards electrophilic addition reactions ?

51. ExPlain why alkynes underSo nucleophilic addition reactioDs while simPle alkenes do not ?

(N.C.E.R.T)

52.DiscussthestereochenristryofthereductionProductsobtainedwhenbut.2.yneisreducedwith(i)
Lindlar's catalyst (1) Na in liquid NH3

53. Sketch the mechaDism of addition of water lo alkynes'

54. Discuss the polymerization reacrions of alkynes'

55. wrile short notes oD : (i) Oxidation of alkynes (it) Isomerization of alkynes'

56. How will you carry out the followiDg conversioDs ?

(i) H3C--CHz-CH = cI'I2 
- 

H3C-CH2-CH2-CH2OH

(,,) H3C-CH2-CH = CH: .t H3C-CH2-CH(OH)-CH2OH

(tii) Br2CFl-CHBrz.- HC = CH

(iv) HrCC = CH .* H3C-COCH3 N'C'E'R'TI

Src.ti.9 57. cive oDe exampte ofea;h of(i) a coojugated dieDe (ii) an isolared dicne (iii) a commulene.

slt. Draw orbiml diagram for 1' 3-Pentadiene and l 
' 
4-peDtadiene and exPlaln which of the two is more

stable.

59. Explain why addition of Br2 to 1,3-butadiene predominantly grves 1' 4-addition Product wheo 1'

2-addition Product is formed faster'

60. Discuss briefly the mecbanisn of addition ofBr2 to l' 3-butadiene'
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61. I Trite short notes oD :

(D Diels Alder reacrion. (ri) polymcrizatio[ of coDjugatcd diene.s-

62. Why coDjugated diencs undcrgo l, 4€dditions ? Erplain. W.C.ER,I)
63' If one mole of HBr is addcd to thc folls,ing oompounds, writc down the struclurcs of the products

c Fded to be formcd : (r) buia-l,3diene
(ii) penta.1, 3diene (|rt) penta-1, 4-diene (iv) but-1€ne.
Discuss the orbital structure of beDzene.Src,l5.l{) an

65.

66.

Beozene contains thre€ double boDds yei it behavcs like a saaurated compound. ExplaiD.
why is thar rtle carbon {arbon bond dista nce in bcDzene is intermcdiate bctw€en carbon-carbon singlc
bond and a carbon- carbon double bond.

67, What is meant by (i) delocalization (ii) resonance elrer$r ?

6E. Draw structures (o sho$ position isomeflsm io arenes.
69. How is resonance enerry of benzene cllculated ? Explain.
70. wtite down the products of qzonorysis of 1, zdimerhyrbe nzene (o-).yrene). Ho* does the resurt

support Kekule structure of benzeDe ?

71. (a) Define substitution reactioDs. why do areDcs undergo subslitution reactions even though thcy
coDtain double bonds t
(D) What happ€ns when beozene is treated wirh :

(i) Br2 in presencE ofanb. AtCl3

(ii) Conc. HzSOa ar 330 K

(t.r) Mixture of conc. tIrSO. and mnc. HN03 ar 330 K
(iv) ChloroethaDe and a[bydrous AlCl3 and

(v) Etharoyl chloride iD presence ofaDhydrous AlCt3.

,, yll,t:: fgcne undergo elecrrophitic subsrirution reacrioDs easily aod nucteophilic subsriturion
feacnons \{1th dtmc.ulty. N.C.E.R.T.)

73. Discuss the mechanism of nuclcar halogenation of arencs I
74. Discuss the role of catatyst in the electrophilic subslitution reactions in benzene.
75. Drplain the term aromaticity ? Hotr caD Huckel rule be used to determine the aromaticity of a

compound.
76. What are the necessary conditions for any clmpound to shor aromaticity ? (N,C.E,R.T)
77. Discuss the directive iofluence of niiro group and its cffect on the reactivity of the compound.
7t. How will you explain thar methyl group is o,?- directing ?

79. Predict the products of the following reactions :

(i) Alk. KMnOa. A Conc. HNO,
(rJ loluene (ii) NitrobeDzene

@)H+ /H2o + conc. H2Soa

(.u) Ethylbaueoc + acetic aohydride 
tubvd' Alo'. 

.

t0. Ilvrite dotm the products and give the mecbatrism of the follotving rcactions.
(t) C6H5OH + H2SO. (conc,) (n) C6H5CH3 + HNO, anrr HrSO. (mnc.)

tl. How will )ou convcrt tbc follosdtrg mmpounds into bcozlnc ?
(i) Acctytcne (n) Bcnzoic acid (iio Hcmne.
Commcnt.upon thc tqicjty of polynuclear hydrocarboDs.
what is 8tratght run Sasotine ? D€scribc ihc principte of obiatnlng straightpetroleum,

t4' Exprain rhe term 'knoc*Jrr'. what is thc reratioDship b€r.ween the structure of a- nld,i:carbon andknocking ?

,-?..

(N.C.E.R.T)

(N.C.E.R T)

(N.C.E.R.T)

run gasoline from
Sec.l5.l l.
to 15.12.

42.
t3.
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t5. (i) Describe a scale for messuring the quality of gasoline.

(ii) A sample of Sasolioe Produces the same knocking as a mixture contaioing 35% 
't 

'heptane and

iSZ iso-oitanr. Wfrat is the ootane numbr of the samPle ? [ADr" 651

t6.
t7.

Some fuels have octane number hiSher than 100. ExPlain. (/V.C8.fi.?)

Name three nujor products obtained hy fractional distillation ofPetroleum and state one major use

of each.

Et. Name one anti-knocki[g agent ? What are its merits and domerits ?

t9. Discuss the principle o[ Petroleum refininB

m. What do the abbreviations LPG and CNG stand for ? Discuss their us€s'

91. ExPlain the tarm 'octarre number'. How can octane oumber of a fuel bc increased ?

92, Describc two nethods to improve the quality of a fuet used iD an internal combustion engine'

93. ExplaiD the follo\rin8 Processes : (i) Cracking (ti) Reforming'

94. What are petrochemicals. Discuss their utility.

Scc.t5,l. l. What are hydrocarboN ? How are they classitled ?

to t 5.3.

2.Discussbrieflythestructureofalkanes'whstarelhevariousmethodsusedfortheirrePresentation.
3, Draw all the structural isomers with thc molecular formula, C6Ht4- Name e3ch orle of them by the

IUPAC q/stem. Also indicate primary' secondary, tertiary and quatemary carbons in each oneofthem'

4.GivethevariousmethodsusedforthepreParaiionofalkanes.Describewithlabglleddiagramthe
laboratory Preparation ofnethane fronl sodium acetate and soda lime'

S. Discuss briefly thc various physical proPerties and chemical reactioN of alkanes'

Scc. I 5.-l. 6. What dO you understano uy itre reim ionformatioD ? Discuss briefly the various methods used for

to 15.6. the rePresentation ofconformations of an alkale l
T.whydoesaPlanarslruclureforcyclohexanefailtoaccountforitscharacleristiG,Drawthechair

and tbe boaiconformations ofcyciohexane and explain their relative stability'

t. Draw the various conibrmations of r-butane aod mmmeDt upon their relative stability.

Sccl5Tg.whatarealkenes?DiscussbrieflythevariousmethodsusedforthePreparationofalkenes.Descrlbe
with a labelled diagraDl tbe laboratory PreParatio[ of ethene from ethaool'

10. Give an ac4ount of Ph,sical and chemical reactlons of alkener'

Srcl5.tt. lI' Whar are alk'T res ?How are they Prepared io the laboratory ?

to 15.9.

12. Give an account of Physical ProPerties and chemical reactions of alkynes

13. What are alkadienes ? How are they classitied ? Discuss iheir relative stabilities'

14. Discuss briefly the chemical reaclions of dieoes'

Scc.l5.l0lS.Whatarearenes?Howaretheyclassilied?DiscussbrieflytheisomerismsndnomelclatureofareDes.
16. Dircuss the structure ofbenzene laying emPhasis on resonance and orbitr sttucture'

17. Justiry tho statemeflt : BenzeDe is a hlghly unsaturated compound but behaves like a saturated

comPound

It. Discuss briefly the mechanism of electroPhilic substitution reactioDs in benzen€'

19. Explain ihe dircctive influenc€ ofvariou reDes'

su..rs.rr.i0. W[ui i, pttrof"rrn f Uorv does it oc€ur i ribe the most

to 15.12. accePted theory about its origin'

21. How is Petroleum refiocd ? Give the ous fractions

obtained from Petroleum refining'

22. What are Petrochemicals Write the names and uses of some of them'
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I' Me'banism oloddition oferemeDts ofhypoharous {cids to orkynes. Addition of cl2 or Br2 iD prcsencc
ot H2O to alk)mcs is aa electophilic addition reaction aod occurs iD rhe follo\ving two stage6.

staser. ,"fi3*l jg nt=cH-cr+cr-
-- 'r ,/'-\ + Fast * 1 zllro:,-z + HC= CH--C| -= HZo-CH = CH_Ci 

_-] tHo_cp =,6H_crl
, (2-Chlorccrh-l_en-l_ot)

. st88. IL The addition ofo + to (I) cao occ|rr to givc either carbocation (II or III) both ofwhich are stabitized
by resonance.

f-\o.A-
HO_{H l Ctt_cr +crJcr

Slow (- ct-)

b
+
CH-CHCL
/frrr

I
-- cH-CHCl2

ro-.J-.tr4,
& rrrtT*

HO-CH_CH - CI :

J,

+
HO

a rcsult, reactioD occurs tbmugtl t-h.e more stabre carbocatron ( ) and the r[ral product is l, ldichroro€thanar

HHH-CHCI2+ o - cH-cHct2
1, | -Dichloroethanal

.-._ luo-cu-CHCLl 
-..._.-n+ | I ' | -rr.o

L (rrr,stoble) J

2' McchaDlsm of hydratlotr ol alkyncs. Hydration of alkynes ls aD electrolhilic addition ruocrion and is
berieved. ro occur iD two steps. In the trrst srep, the Hg2+ forms a comprex *,th the tripre bond which is tbeDatlacted ry urater to form an intermcdiate 0)

l5no7
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Step l.

."r-- Gt,,\r'* sg 
6sr-6-.-_6:-11

Propync 't-/
Complex

H
rl
\O+

'- \"=cH 
- 

"o\a=.--'cH{ I -H+ cH3/ | \Hg+
Hg*

Fast

Proronarion of intcrEediatc (I) folbuJrd by ls of Hg:+ givcs thc cnol (tr) wbich subequently readily

tautomeris€s to givE thc corrGponding carbonyl comPou[d

to-.lA* 
- 

"o\8.="4H ['o-"-.atlcHrz'-"\rr* " 
- "rr'"\)\iie* -Hdi [cnrz'- 

-:'n1
o

r tt.5 cHrln,
ProPsnodc

!. Gcouculcel booer&m lu odoee and rro<ompourdE Duc to rcEtriclcd rolslion arouDd c = N' cdmcs'
lltc dkco6 ako !hor, ScoEctricat isomc 8nd az,i (for traB) arc

,*r" dtoofy ,*4. Ii casc of atorime.s thc one in which H atom

uoo oH grorpii" oo thc same side of the lic on the oPPosite sides

of the double bond. For mmple,
/-)i.Lo,le pait

Ce Hr.. f.y'sp?-orbitat
I C=N

11." \ -oH
$r, - Benzaldoximc

c6Hi \ ,,," cH3
c
I

N.fl \oa

Orr-Merhl phcn,'l kctoximc

coHt...a,zCH,

I
-Nno- \

@rri.Mcth, phcry' kctodmc

.Oximc5 arE the compounds fo.mcd by thc sction of hydrorylaminc to aldchydcs and kctoncc undcl wrakly acidic (PH

3 5 -4 0) conditions :

cHr -' --c =iii *-- u,lNon
tl/ t - "'- -'lifi-,.yr -Acculdchydc sminc

c,H. -" ' )c =io i:il'iNou
cH3'

Acctophcnonc

cH] -_
,)a- 

NoH + H2O

Acctaldoxitnc

H+ CeHt \
iC=NoH+H2o

pH3 5-4 0 ffit'
Acclophcnonc oximc

H'

pH 3'5 -4 0

tt''-a=*/o'
tt./ N Lone pair

\1-oruitat
ai, - Bcnzaldodmc

t 
In case of kcto[imes (ia, oximcs derivcd from kctones), the preflxe.s ryf and 4rdi iodicate tho relatiooship

of ahefrr, Sroup named and the hydrcfiyl group. Thus'
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\

AcoHsr U-N=N
0 \oH'

on i - Azobcnzcna

an€_

crHs

OH

D,.o;;1.na;,. or,'"ffirol"-,.

. Geomrtrical isomerism Plays an imPortant role in the cbemistry ofvisioo. For example, wbcn light falls on
the rctina of the eyq tbe first step io thc visual process is the co ersion of one gmmetricai isomcr (cirlretinal) to
another (farrr- retinal).

S. DlstlDctlon betfleco cb- oDd trsrs-lsooets. The distinction b,etween cir- and tcru-isomers of a com-
pound caD be made on the basis oftheir physical properties such a8 melting point, boiling point, solubility, dipole
moment etc. For example,

. (l) Mdting polnr*.In genqol h.-rr,ltwpoiru of a tow- itotnzr is hificrthor thot olhc cornspond,hgcir-
irorzs: This is duc to the reason that the moleqlles of a rr4ru- isomer are-more symmerical and hence Et iore
clGely in the crystal lattice as compared to thc moleclles of a cir_ isomor. For crample,

H -..-^ ^,-H
Hooc/L "-aoo,

Malcic acid (cit-i6omcr)
m.p.403 K

H.._ --HC=C
Br/ \Br

c,J- 1, 2- Dibromocthcnc
rn.p.220 K

H.- -COOH
Hoocic = ciH

ADDITIONAL UgEFUL INFORMATION cu nt.rr

Similarly, due to restricled rotatioo around N = N, azo. compounds also shon gcomctrical isomerism. For
example,

crHs
syi- Azobcnzcnc

1)
U
N-\

4. Geometrlcal isoEcrism iD cyclic compounds. Disub6tituted cycUc compounds also show gcometrical
isomerism cvco though tbey do not contain a double bond. This is due to the reason that because of rigid ring
structures, these comPounds have hindered rotation even around carboo.carbon single bonds and hence shol,
Seometrical isomerism. For eEmple,

p{
HOOC COOH

os-Cycloprgpanr-
'l , 2-dica6oxyllc add

H.@OHr/\ttHOOC H

&rns-CycloEops ns
1, 2{hlrboxyllc .cld

Fumaric acid (tarn - isomcr)
n.p. 5?5 K

H.1 _-Br
C = C'

Br/ \H
tarrr- 1, 2-Dibrchocthenc

m.p. 260 K

HOH
trdDs-Cydopentane-

1, 2dlol

rCompounds containing N = N arc callcd azo conrpornrls.

L

/
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(ii) sotubtlity, Ia 8?a cral sofubility of a cir- isomer is higlw hon tha of the conspondiry naru.trorro: This
is due to the reason that the molecules of a cir. ircmer are less lishtly held in the cryslal lattice than the
corresponding traN-isomer and honce it is earier to break the cryst l latticc of a cir-komer as compared to the
corresponding ,r4zr -isomer. For examPle,

ADDITIONAL USEFUL INFORMATION c ontd

').-"lootIclOOC/ \H
Pumr.ic acid

(solubinq : 0.7 g/ I oo nl Hp)

HBrtl
Cur-cH = cHJH2
7,4 - ,A.ddition (20qo)

HBr
[*rr-., = cuJu,
1,,4- Addition (aoEo)

'-a=a/Hooc./' \CooH
Maleic acid

(solubility :79 g/1oo nl Hzo)

H:.^ ^-Jt
a/ Yt

cir- 1, 2-Dichlorocthcnc
/-1'E5D;b.p.=3'33K

( +HBr

Buta-l,3iiene

HBr
[r,-Jr-., = "r,1,2-Addilion (80%)

HBr
[r,-[r-"*, =.r,,

1,2 - Addition (20qo)

313 K

+

+

(iii) Dipole moments In generol cis-isofiers fuwe higher dipolz namentt ,fuut tlE con?spndihg tans-isonerzt

which moy even be zero rhen he two atora q gottps on each cafion of thz danble bod oe tlv sanv. Fot ffirnde'

'-" - 
"-t'ct.,' .-\H

rroru- l, 2- Dichlorocthcnc
4-o;b.P.=321K

(iv) Botllng potnts Ia genera! boiqng poins of cis- itomery ore Ngllo thonheir conespndingtons- bonerr.
This is due to the re.ason lhat boiling points depend upon dipole- dipole interactions. Since c&-€omPounds have

higher dipole moments, therefore, they have higherboiling pointsthaD their coresPooding rratu-isomers as shown

abwe.
6, 1, 2-versus l, 4-addttlor to coqlugsted dlenes-Rate versas EqullibriuDr. We havc explained above that

\t/hy the additioD of Br2 aod HBr to buta-1, 3diene Sives a mixture of 1, 2'and 1, 4tddition Products. No ' thc

question arises as to why 1, 4-addition product predominates over 1, ?-addition Produrt at ordinary temperatures.
'Ib answer this questioo, let us mnsider the addition of HBr to buta'1, 3'diene at different temperatures :

Thc follo$'ing arc somc ofthe salient featurcs of this reaction :

(i.) Al 193 K. the addition ofHBr to 1,3-butadieDe gives a mixturo of80% of the 1, 2-addilion Product and

m* ifirc 1,4- addition product whcr€as at 313K, a 6,fr rc of N of l,2.andg; of 1,4qddition Product
is obtained.

(ri) The relative amounts of 1, z.and 1, 4-addition producls obtained at 193 K remsin unctranged no matter

ho*, loDg ule allow the mixture !o staDd at the same temperature.

(iir) Wheo the product mixrure obraincd at 193 K is heated to 313 K in Pfesemc of more HBr, thc relativc

amouits of lhc 1, 2 a-nd 1, 4-addition Producls slm'ly chaoge from 60 : 20 lo 20 : 80'

(iv) Atthough each producl (1, 2{r, 1,4-) is stable at lotx temPeratures, prolonSed heatinS of eithel the 1,

2- or I , + addition Prduct gives the same mixture.

These facts can be casily exPlain€d as foll@ts :

(i) The fact that more 1,zthan 1,4-addition Product is obtained at 193.K sugsestE that I, 2-addition product

* ymiia liier tnu l, 4.adiitioa product. This riow rhat Eoofor 1, Zad.lition FoArct is lowet that that lor l,

4- additioi Wducl
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ADOITIONAL UgEFUL lNFORMArlONcontd

(ii) The fact that each product remaios unchanged at 193 K, suggests that ,rre proportion in N,hich ,hey $e
isoLated is ,he safiE in which thcy orc initiolly formed. In other words, at 193 K lhe retaive enou ts of the two
producltoregovemedbylheirrelativeratet.Thw,theadditionofHBrtobt,,r,3-dieneottgjK,iskinedcally
cotltrolled.

(iir) Thc hct rhat at higlrcr temperature (313 K), the 1, 4.addition product predominares o\Er l, 2-addition
Ff;adrd, su88esa thot 1, +addnioi ptdacl k themodyanicolly noe stabL thot tle 1, Zddirion pdllcl

(r'r) The fact that eaci producr (1, z or 1, 4.) is corNertcd into the safre mixture on heating suggests that
this mixture is obtained 8s a result of equilibrium between the two prducts. Since 1, 2-additioD product is
thermodyDamically less stable than 1,4-addition product, therefore, 1,2-addition product is converted into 1,
4-addition Product at a faster ratc than tbe rate at which l, 4-addition product is coDvert€d b6ck to t, 2-addition
Product. In other words, the relativc amounls of the products isolated at 313K are govemed by their relative
stabllity.'fhrJs, he additian of HEr o bwa-l, 3-diene at 313 K Lr themodyne urlcally controlled.

, .With these Points in mind, let us e)amine the addition of HBr to buta-I, 3dieDe in little more detail by
drawiog potential enerBr diagram for this reacrion (F]g. 15.34).

As stated above, the first step in the addition of HBr to buta-l, 3diene is the addirioo ofa proton to give
tbe allylic carbocatioo 0) which theD gives borh 1, 2-and 1,4-additior products. Since Eoo h tess foi 1,2- addiaion
thall for 1, 4-additioq the 1, 2-addition product is irrirr'.?r, formed faster rhan the l, 4-addition product.

_ Norr, in PrinciPle, e€ch Product can undergo io[iza tion to give back the same allylic carbocation (I). But the
Esd for the ionization for 1,4-addition product to allylic carbocation (I) is much higher rhan for 1, i-addition
product. As a result, 1, 4-addition Product will ionize much more slowly than l, 2-addition product. Equilibrium
is tinalty reached when tbe rates of the two opposing reactions (formation and ioniztion bf eacll produci) are
equal. Thus, 1,2-addition Product is formed rapidlybutalso ionizes rapidty butthe 1,4-addition product is fo;med
slowly but ionizes even more slo!'vly. In other words, '1,4-addition product once formed tcnds to stay and heDce
coDstitutes the major product of the reaction at temperatures high enough for cquitibrium to b€ rea;bed.

oE
ulz
tr,t

Fz
Fot!

CH'-CH:CH:aH, + Br-
II
H'

I
I

CH2'CH--aH.CH2 + HBr
Buta-1, 3-digh€

'1, 2-Additioh Product

<.- PROGRESS OF 1,2-ADDITION

CHr--aH - CH--aH,t-t'HBr
1, {-Addition Produd

PROGRESS OF 1 ,+ADDtTtON ---------+

7. $lor case!. T$o important tvar gases are : (i) mutta t go.t aI/d (i, hwisire
Mustsrd gss is obtained by the reaction of ethylcne with sulphur monochloride.
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ADDITIONAL U9EFUL INFORMATION

thc action of srseDic trichloride with acelylene iD Prcs€nce of anhydrous AlCl.

Anhyd. AlCl3 cHcr

CHAsct2
L.wisitc

(f - Chl otov i t t-vl t I i c hloro orsi ne)

It is more poisonous thao mustard 8as and was used iD World $ar-l[.
Lewisite is more poisonous tha[ mustard gas. The British chen]ists developcd an antidote for Lewsite aod

' named it as BAL (British turti Lewisite) 
cH.-cH-cH.t'tlSH SH OH

BAL

ooA. SUBJECTIW SUESTIONS
( Common wilh LI.T.)

Write the ozoroly6is products of (i) mesitylen.

( p , p'-Dichlotodicthyl sulphid.)

oo

HH

ilil il||2CH3-c-c-H CH3-c-c-cH3
Mcthy8lyo,ol Dimcthy'glyoml

++

CH,
ll - +
cH2

Elhylene

It was used as a war gas

Letvisttr is obtained by

CH
lll +
CH

Ac.tylenc

CI CI CH.

l_l . J"; -Sulphur

cH-cr cH^ot' t'+s
tr1-s-Cu,
Mu.trrd tEB

monochloadc

in World war l.

CI
I

AsCh

AIscnic trichloridc

(ii) o.xylene.

CH:

Mesitylene

o
il

3 CH3-C-CH=O
Mc thylglyoral

(ii) o-rylene can be regarded asi a resonaDce

hybrid ofthe follotping structures :

oo
o-l-l=o ,r-[-U-"
Cvo,ol Gllo,.al

Thus, ozonolysis of o-rylenc gives a mirture of
glycmt, methylgtyGal and dimcthy'gtyffil.
PrEdlct th. msJor product lD thc lollorltrg rcac.
tioDs i

(i) c6H6 + (cx3)rcxoro" If3
gr.I 1990

fi,
(lt) R--4rC-R

, LlDl[at'a ..talFt
(r.T teeo

In presc[tce of mnc. H2SO., isobutyl alcohol frst
givc| 1'carbocadon (l) whicb thcn rcarrarges to
thc morc stablc 3'carbocation (ID by l, 2-
hldride shift. Carbocation GI) $cn reacts with
bcnzcnc to furm ,crr-butylbcnzcDc.

O oy'c}l2ct2

(ii) Ztr/H2O

Q.2

cHrCH:

c 
" 
B.s,E,- F,.lt,T; ( lltAr.ilfsl s t Ect A L

CH:

I ototn..,
tpilr^n "
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cH3

(0 cH3-cH-cH2-oH 
-l6obuty' alcohol

cH3cHz

(ii) cH3cH2 - E= ana*r,
3 - Ethylpenr-2--cnc

cHr /\I li
cH3JH-cH2.l-oHz 

-
-Hzo

cHr
I.2-I*dridc I

6hift +
3' carboc.tion (It)

(otoE tublc)

CH:
c6r+ |

- 
c5H5_c_cH.1

-H+ d",
tctt-Bttt lbcnzDnc

R-C=C-R

BVl.tzo

(M@*owil@vs oddiion
ofBt+ ord OH-)

H3C CH3

Ans. cH3-l-l-.*r,
J, ,I

2- Chloro-2,
3-dincth,lbutanc (X)
H3C CH3

orr-J=J-cu, +
2, 3-Dimcthy'but-2--.nc (YJ I

I

J
cHr

CH,CTL't'
CH.CH._C-CH-CH.ttHO Br

2- Bromo - 3 - e thylpen ta n-3--olcHr

cH,+1*
q,

l" cr6ocrtion (f)
(la sobL)

0i) H2 + Catalyst 
-

HH
tttttt

q r An alkyl haltde, X, offormEla C6Hr3Cl on treat-
Ecnt with potssslum trrtlary butoxide gives two
lsomcric alkenes y sDd Z (C6Hlz). Both

alkencs on hydrogeration glve 2, 3dimethyl.
butaDa Prdict ahe structurqs ofx, Y nnd Z,

(I.I.T t ee6)

(CHr)rCO K'

-Hcl

H3C CH3

oq-f-JucH,
2, 3- Dimcthy'but-1--€nc (Z)

H2 / Pt (Hydrogenotion)

cH3*d-h*
Ht I Htlll

'D*
Hldroge[atioo of akynes in prEsence of Undlar,s
catatyst giws cir€lkenes since thc tldmgen aE
sort€d oo Oe surface of ttle catalyct gcts trarNfrrrEd
to the alk /nc Erolecule from th€ same Ece.

e. 3 Glvc thc strudurca oithe Eajor pmduck frotrl
3- cthylpetrt-2.rlc utrder .ach ol the folloxitrg
rc{ctlon condltlors.
(a) IIBIln thc plt ercc olpcroddc
<b) Br2/ H.O

(rJ.T 1996)

IIBrlpcrcxidc

(Anti- M6ko*nikov's
addition)

R:.- 
^.,-R

H/t="\H
cit-Alkcnc

CHTCH2 Br

*rrcq-6n-J" - "r,2 -Bromo- 3-ctirpcntarc

cH3cH2

sol, (i) CHTCH2-C - CH-CH:
3 - Ethylpcnt-2,-.nc

Q.s

or, - [n - Jr -.r,
2, 3-Dimcthy'butenc

A hydroctrbon 4 adrla ouc molc olhydrogel ln
prtacrcr ofplsdnuE catsl!,st to lorrtr r.hcnDe.
mcD A fu oddiscd dgorourly t'lth KMDO., a

slEglc csrbo:ryllc acld ctoDtsiDlng thrc€ clrbon
otoEs ls lsolsted, Give thc structure of A snd
expfoin. (U.I 1997)
(i) Sioce thc trldrocarbon A adds bne moleqr le of
U2 in presencc of Pt to form ,t -hoone, therefore,
Anu.tst be an h@nc.
(ir) Sioce A oD vigorous cxidation with KMnOa
gives a single carbqylic acid containiDg three
calbon atoms, therefote, Atru,tst bc s swmetrical
hacne, Le-, hq.3-eac.

cH3cH2cH= cHcH2cH3 -!9J-
Hcx-}<nc (A) KMnOa

2 CH3CH2COOH
prcpiotric acid

Thut, ,he givcn bfncabon A i.s hq-3_cne-
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Ans. Refer to 6ec. 15.E.7 or page 15/49.

!)' complete the following r€actions with ap.
propriste structures of producte ?

Btz (i) N8NH2 (3.0.qutv )
C5II3CH = CHr-....- IAI 

- 

B
(ri) cH3r

(I.I.T t99E)

Bt-2
Ans. GHsCH = CHz+ GH5-CH-CHz

styrenc J, J,
1 ,2-Dibromo-

1-phenylethane (A)

2 NaNH2
C6H5-C = CH

(-2HBr) pheny'accrylene

NaNH2

------1 gtg'-6 3 6Px+
(-1/2H)
ffi:-I

C.H5-C = C-CH,
(-Nal) 1-phcny'propync(B)

Thus, 1.4/ Lt 1, 2-dibromo-1'phenykthoae ond

IB] is 1-phenylpopyne.
(.) x An organlc cohlrouDd CtIIlt on monochlorina'

tion gives a sllrgle monochloride- Write the
structure ofthe hydroc,.rbon. (Roorkee 1999,

Ans. SiDce the hydrocarbon (c8Ht8) on moDochlor!

nation gives a single nlonochloride, therefore, all

tbe l8 H-atoms are equivaleDt. The only such

hydrocarboD is 2, 2, 3, 3-tetramethylbutale, i.e.

cE3 cH3
tl

cH, - c-c - cHr'tt-
cH3 cH3

(J ') $'hich of the following has larger diPole mo'
ment? ExPlsin.

rj l, Explnir very briefly why all(}res are generally
less reactive thnn alkenqs towards electroPhilic

reagents such os H+ (r.r.T 19en

l.Bltyne or 1-Butene (Roorkee 1999)

The directioo of dipole moments of indMdual
bonds in 1-butyneand 1-butene are shor,/n below:

<-------.F
cH3CH2-c=c-H

'P 'P
1-Butync

Tbe re.sultant dipole moment of both 1-butyne
and 1-butene is due to the dipole moment of
CHTCH2-C aDd C-H bonds which oPPose

each othcr. SiDce a rp carbon is more

electronegative than a .rp2 carbon, therefore,

the dipote moment of CH3CHz 1sp3y-c (sp)

bond io l-butyne is more than that of
cH3cH2 GplFc (s12; bond in l-butene. As a

result, ,rr€ dipok nomen! of l-buttt c b more
thott that of l-buune.

Q l0. Give rcasons fot lhe follox'in8:
(i) ,rrr-Butylbcnzcnc do€s not giye belzolc scld
on oxldatlon wltl acldlc KMnO4.

(O cH, = cH- ls more bastc than IIC = C-.
(IJ.T 2tN0)

tu$ (t Alkylbenzenes in which the alkyl grouF con'
tain one or more a-hydrogens or benzrlic
hydrogens on vigorous midation with acidic
KMnO{ ultimatety giw the corresPondiDB ben-

zoic acids inespective of the lengtb of the carbo[
chain. For example,

KMnO{/H'

tol
koprcpylbcnz.nc

[onca-Hl
Benzoie acid

,e7r-Butylbeuenc, on the otber hand, docs not
co[tain any 4-hydrogco or beDzflic hydrogen and

hence does notunderSo oddatio[ to Sive b€moic
acid.

COOH

d;
Tolucnc5

[3a-Hrl

P3

lal-Buty'benzene
(No a - hrdrogcn)

cH3cHz\c 
= caH

H/"p, \H
l-Butene

Benzoic acid



HYDBOCARBONS 1s/115

(ti) ctL = CH- is the conjugate base of thc acid

H2C - CH2 atrd HC * C- is the conjugat€ base

of the acid HC = CH. llrb know thar saronger the
acid, weaker is the conjugate bas€. Sinc€
HC = CH is samnger acid rhan CtI2 = CH2,

therefore, CH2 = CH- is a stronSer base than

HC r C-.
Q. I l. Glvc st,rlchrc oftb. prcducte (X) rnd Y ln thc

follotylDg reoctlonr ,.

(i) Mg cthcr_x
(,,) D2o

(R@*.c 2001)

M& ethc,r

o\"r,

c.2+

-Y
o2 cH3-cH3

Ethanc

cH3cH2ct
Bthyl chlo.idc

Butancdial

ar------cH "- cH,

l" tr.\cu.,-
Clelohcxa-1,3-di€ne

Na. drv cthcr

Mcthy' iodide Wuflz rcaction

@ ay'hv

orSO2cI2,/RCOOR

Na, dry crhcr
cHlcH2_cH2cH3

Wurtz rcaction

Propaoe canDot be syDthesized by the above
scbemc in fairly pure state because Wurtz reac-
tion betE'een CH3I and qHjI will give three
products, r'.d., ethane, propaDe and butane.
(c) Chlorination of 2-methylbutane gives a mix-
ture of four isomeric monocbloro products (I_
IV) ,

CH:
I aJhv

cH3JH-cH2-cHl ---i-*
2-Mcthylbulanc A

CHT CH:ttctcH2-cH_CH2CH3 + cH3_c_cH2cl 13'L
II

CHT CH:l.r
+ cH3-cH -CH-CH3 + CH3JH_CH2CH2C|

lrv
CI

NI

Product (IIl) has a chiral carboD and hencr exisb
in two stereoisomeric forDs which are optically
active.

(d) Iso.mers (tI) and (III) on dehydrohatogena.
tron will_give two products each wtlile isomers (l)
and (w) wil giw o e produo each. Wiite ti6
products yourself.

<iln"-O)--crLcn,

(il)2HC=C-H

A,,* {Dn,-@-cHrcH,

oro 
,

-Mg(oD)Br
p - DcutcrrtcdcthrlbcDrnc

r cu2l(u)2Hc=CH+iO,
- (hungo,t @,pliq)

HCaC-C-CH + H2O
Buta-1,3-diync

Q. 12. (4) FiDd th! BtrufiI! of o hJdrocrrtoD ahot
produccc oac nolc eoch of Gthrncdial strd
butarcdhl on ozoDol!,Eis.

(r) DGvb! a schcEc fot thc EFttcsb ol ,t-
but8rc uslng CHrI as the olly carton murca
Crn you Gmploy tbe rcrcdolr h your schcDc to
syEtb.Ekc prop.rc h htd, pur. strt ? Flx-
platl.
(c) How many morochtoro products would;ou
exFct when z-Ecthylbutsre is chlorilat d ?
Vltlt ttclr ctructrr. ord IUPAC trr]tr.+ OnG
of ihcD mry hrvt ctcrrolsomcr. hdlc.te lL
(d) Which ol the icoEers plll not giy. one
product only o! dchydrohrlogeudon Mth 8l-
coholic KOH ? (Wed Beneal l.E.E. 2003)

A.os. (a) The structures of thc ozoool,6is products
a[e :

n,vs-6}cur*r,
Gdgnard rcaFnt

o@c+or,
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Q. l-t. 7-Bromo-I, 3, s{ycloh.ptstrlcnc edslr s! on lotr *bcrees s'broEo- 1' 3<rclopcntadlen€ does not foim

&n lon cven ln prttcncc ofAg+. EPlsltr'
Ans. ?-BromGl, 3, s.cycloheptatrienc, ofl ionization, gi!86 tropylium ioo. Since tropylium ion coDtains 6z<lcctrons

j+

Br

:d,
43

7-Bromo-1, 3,5-

cycloheptatriene

Br

.<',
312

5-Bromo-1,3,
cyclopentadiene

lonizrtion

1, 3-Cyclopcntadienyl cation

(4r.a lzctrons, Ntiaromalic, hithb unsrab le)

which are completely delocalized. Thcrefore, ac{ording to Huckel rule, it is aromatic and hence stablc. Being

highly stable, it is easily formed.

In c.ntrast, s-bromo-1, 3-cyclop€ntadiene, on ionization, witl Sive 1, 3-clclopentadieDyl cation which contaiDs

4 z+fectrons and hen @ b fu.;runaric. Being antiaromatig it is hiShlyunstable and benc€ is not formed even

in thc presenc€ of Ag+ ion whlci faciliiates iooization

Q l.l. Why IIF forms H-bondi4 trlth
thongh it is non-polar in nature ?

cHr

d
lQrqd)

cHi

o
ll Qnhot)

(c.B.sE. PM.T 2000

Ans. Due to ,rp-hybridization of carboo, the
electrons of the C-H bond of ethFle are at-
tracied towards carbon, As a result, catbon
carries a partial negative chargc while H carries
a partiat Positive charSe. Because of the
presence of partial positive charge on H,
ethyoe forms H-bond with the F-atom of the
HF molecule as shown below :

3- 6+ 6- 6+
U-C = C-H.............F-H

it 15. ldentify the orgsrlc prcducts obtaired in the
followlng rsactlor :

cEr
I

_z\,_ Br c.u.oN"

\-,- C2H5OH

Ans. DehydrobalogenatioD of the Siven alkyl halide

can, in priociple, yicld alkenes (I) and (II)
cHr

I

/.)'\,..- Ba C2HJoNa
tl
\-,J c2ltroH

But according to Saytzeff rule, more highly sub'
stituted alkeDe, i€., I b€ing more stable is thc
major product of dehydrohalogenation. Tberc-
fore, in the above reactiol, alkene (I) alongwith
a small amount ofalkeoc (Il) is Produced.

Q. 16. ll/ffte all the lmporiant colfot natloDa of n-
butlre. (C.B.S-E. P.M-T 2N4)

Ars. Refer to Fig. 15.l1oopage 15/19.

Q 17 Glve the N6vm8tr conf,Sumtlon ol the lcast
staggcrEd fotm ofD-butrne. Due torvhich ofthe
follorvtng 6trah lt ls dcstabilized ?

(l) torslonal strain (lt) van der Waal's strain
(lii) combinatlon ofthe tr"o.

AD.s Least stable sta88ered form ofr -bu tane ts +quche
form. Sincr in this conformation, all the
tetrahedral carboDs attached to one another have

staggered bonds, therefore, it is frec from tor'
sional srain. Further, in orrlform, the two CH3

groups are 180'apari but in Sauche form they are

oDly 6ff apart, Therefore, Sarclre form is less

stable tban 4rt riform d]oetovd,n det Waal's s|.ain.
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B. PROBLEMS
I'roblcn I. Iko lsomeric cycltc dlercs X snd Y havlng Eoleculai tonuula C5II. on hydrogenotlol glvc

cyclohexatre as the only ProducL A mlnture of thcse two dietrcs oD rcducdve ozotrolysls glves eucclnaftlehyde,
proponal, 3-dial aud glyoxll. Deduce the structures ofdietres X srd y

sjnce x and Y on hydrogenation give cycrohexane as the onry product, thcrefore, x afld y mur, 6ect{ The two pcsible cycloheEdicnes are

qrclohcxa-l, 4-dicne, X
O

Cyclohcr6-1, dicnc,

. Whffeas reduclive conollsis of X will t$o molecules of propane- l, 3dial, rcduclivo szonotysis of y will give
sucrinaldebyde and glyo)al as shown below :

_.cHo oHc-CH,- + )cH^'\cHo oHc,,'
Propanc- 1, 3-dial

CHO OHC-CH2
l+lcHo oHc_cII2

GIyoEl succinaldchyJc
I'r,thlun 2. An allryl hallde A with molecu.lor formula, CaIlrBr oo dehydmbroDilation with alcoholic KOH

gave a single alkene, c4Hg' Photocherrrcor brcmlnotion orA gave s 6hgrc dlbmEo co,pou,d B, caHtBr2. A r"rcts
with Mg itr ether to forE a Grlgtrrrd resScDt whlch otr treatDeltt tvlt[ Eater grvc sD oltone c. I.leDtily A B rDd C,

(, Pcsible strucrures ofalkyt halide Aare:

6

:Q;
C-rclohcxa- l, 4 -dienc

(i) o3/cH,2C].2

(ir') Zrt/\O

(D oy'cxrzo'l

("") 7^/H.zO
Cyclohcn- l, 3 -dienc

cHr
I

(i)CH3CH2CH2Br CH3_CH-CH2B[ CH3-CH-CH2CH3rrr[,
III

(i) Sinc.e dehydrobrominatio' of a with 4rc. KoH gave a singre arkene, rhodore, A cotidb€ t, n or Iv
(iii) SrDc€ photobroExnatio[ of A Save a single dibromo compound, therefore, all the H-aroms in thealkyt halide

arc similar. If this is so thcn the alkyl balidc A must rerr_butyl bro;ide (n4.
. (iv) If A is relr-butyr bromidc, then B mu$ r, 2- dibromo-2-methylpropane and c must be 2-nrethyrpropanc as

shown belo\p :

CH'-C=cH"'tr,'
2 -Mcthy'pEpanc, B

H

cHr-d-cH,
E",

2-Mcthy'prcpmc, C
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,. ,.T. 6nAtNS ST'EC'A L
tll

Br
I

*.. o

(A)

Q. 2. There grc six diflerent olkenes (A), (B), (C), (D),

@) and (I). Esch on addidon of one mole of
hydrogen giv€6 (G) which ls the lotrcs1 molecular
weight hydrocrrbon contairlng only one asym'

metric cartotr EtotrL None of the above alkenes

sives aetone 15 a prcduct on ozotrollsis GiYe the

;ructures of (A), (B), (C), (D), (E) ard (F).Iden-

tity the olkcne whlch is tikely to Slve D ketone

containing more thelr five @rbotr atoEl.s on tltat'

(Iloo*ee

BrII
cl

(B)

Brtct
* rr@

Br

When bromobelz€tre is EotrochloriDatcdr two
isomeric comPounds (A) and (B) arc obtained.
MonobrohlnatioD of (A) Sives several isomeric
products of molecular formulo, CaIIrClBr,

while monobromlnstion of (B) ylelds only trvo

isomets (C) and (D). CohPound (C) is identical
with one of the comPound6 obtained from
bromination of (A)' horryever, (D) is totelly dif-
ferent llom aDy ol the lsomcrlc compouDds ob'
hined from tbe bromi[ation of (A). cive
structuEs of (A) (B)' (C) atrd D ard slso struc-
turcs of four isomeric lDonohrominatad
products of (A). SupPort your alLsrer with
reasoIling.

te92)

metrt with s wErrn conoentrsted solutioD of
alkaliDe KMnO.. (furor*ec 1992)

Ans. hYdrocarboD (G)
atom (marked bY

ctures, i e.,I and II

9H:t 2 31. 4 5 6
cH3cH2-cH-cH2cH2cH3

I (IMethrhc,onc)

9H, QHrs 4 fl+ 2l I
cH3cH2-cll- cH-cH3

II (2, 3.DimethYlP€ntane)

(ii) The six alkenes (A, B, C, D, E and F) which
on addition of 1 mole of H2 will Sive I are :

QHrt 2 31 4 5 6
cH, = 611 - CH-CH2CH2CH3

}-Mcthrhcx- l--€ne (A)

cH"
7 2 3l -4 5 6
cH3cH = c- cH2cH2cH3

3-Mcthylhcx-2--.ne (B)

lcH"

cH3cH2-b- 3CH2CH2CH3

2
2-Ethylp€nt-1--enc (C)

CH,
t 2 3l "4 5 6
CHTCH2-C = CHCH2CH3

lMcthy'hcx-3-+ne (D)

QH.rt s 4l 3 2 I
cH3cH2-CH-CH=CHCH:

,l-Mcthylhcx-2-cnc (E)

CH,
6 s 4l '3 2 1

CH3CH2-CH-CH2CH=CH2
,l--Me th)'lhcx-t--.n! (D

None of lhe above alkenes (A to F) would give

acctooe as one of the producls on ozonolysis. How-
ever, oDe of lhe alkeres (III) derived from (II)
would give ac€tone on ozoool)ais.

Cl?/ Alcls

Bry'FeBrl

cl

(c) (D)
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CH, CH.
l'l ' (') orlcrl2cl2

cH3cH2-c = c-ct], ...........-.-_
tII @) Z^/HzO

9H: QH:tt
CI{3CH2-C=O+O=C-CHr

BDtanone Acetone

Thus, the correctstructurefor the lowest molecular
weight hydrocarbon (G) is I and Eot II.
(iit) Only alkene (C) on oxidation with a hot solu-
tion of alkaline KMnO4willgive a ketonewith more

lhan five carbon atoms, r'.e., hexan-3-one

CH^
ll ' Alk. KMnoa

cHrcH2-('- cFI2CH2Cl l3 ................_
2-Eth,'tpent-1--€ne (C)

o
il

CH3CII2-C-CH2CH2CFI3 + HCOOII
Hexan-3--one J I o]

CO2 + H2O

(.) r An alkene (A), CsHl2 oD chlorination at 300oC

gives r rDixture of four differert monochloro-
derivations, (B), (C), (D) and (E). Tlvo of these
derivatives give the ssEe stalrlc alkene (F) on
dehydrohalogenation. On oxidation with hot
atkalitre KMrOa, followed by ocidification, (F)

giyes two produck (G) and (H). Giye 6tructur€s
of(A) to (H) with proper reasoniDg.

(Roorkee 1995)

Ans. (A) = z-Methylbutane, (B) = 1-chloro-z-
methylbutane, (C) = 2<hloro-2-methylbutane.
(D) = 2-chloro-3- methylbutane, (E) = 1+bloro-
3-methylbutane, (F) = 2-methylbut-2- ene, (G)
= aceioDe and (H) = aceticacid

[HinL Refer to Q. 12 on page 15/115]
(.) ,l Ilydrocarbon (A) C6IIlo otr trestment wrth

HrlNi, Hrll,ludla s catalyst ard Na/NH3 (I)

forhs three dillerent reduction products (B),
(C) and (D) respectively. (A) forms salt (E) or
heatiug with NaNII, in an inert solvent but it
does Dot [orE salt with ammo[lacal AgNO3

solution. Compound (E) further rcacls with
CH3I to form (F). CoEpound (D) on oxidative

ozotrolysis gave n.bu$ric acid along with other
products. Give structures ltom (A) to (F) with
proper reasonrng' (Roorkee 199E)

Ans. (i) The M.E C6Hto corresponds lo CnHzn-2

thercforc, Lis on 1lLYne.

(ii) Since (A) does not forlll a saltwith aDtnlonia-
cal AgNOs solution, therefore, (A) is flot s tet-

minal allgne. Further, since (A) on heating with
NaNH2 in an inert solveDt forms a salt (E), there-
tote, (A) must be some 2-alJqne.

Cii) The two possible srructures for 2-alkyne
having M.E C6Hto are

CHTCHTCHT-C = C-CH,
I

CH:
I

CH3-CH-C = C-CH3
It

(iv) Sircc (D) the reduction product of (A) with
Na/NH3 (D on ozonolysis gives n -butyric acid as

ooeof thgproducts, therefore, oneof thec€rbon
atoms of the triple bond ntust be attacbed to
r-propyl group. If this is so, theD the structure o[
ihe alkyDe (A) is I, ia ,2-heryne.
If (A) is 2-heryne, then ibe strucrures of tbe
products (B), (C), (D), (E) and (F) can be
deduc.ed as follo\rs :

2Hy'Ni
CH3CII2CIITC=CCH,

2-Hciync (A)
cH3(cHr1cH3

r-Hexanc (B)

H2

(Lindlot's catotysr)

cH3cHzcu2\ 
-rCHt( =( -

H- -"\H
cir-2-Hcxcnc (C)

. Na/NHr CHTCIIzCH:... 
^ ^-llA .................- - C=(

H-" "-"-cH:

cH3I

-N6I

fanr-2-Ilexene (D)

oxidative(D) CH3CH2CH2COOH
d&nolysis Butfic acid

+ cH3cool{
Acetic acid

NaNHz in
CH,CH.CH,C=CCH,

2-Hcxnnc l;\) incrl solvcnt A
(Rcanangcs\

CH3CH2CHTCHTC = C- Na+

Sod. hcx- 1-ynide

CH3CH2CH2CHzCH2C= CCI-IJ

2-Hcptyne
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Which olle of the follo,ing is tho correct order of
unsaturation ?

(4) Alkanes, alkyncs, alkcDes

(b) Alkenes, alklnes, alkancs

(c) Alkynes, alkaDes, alkenes

(d) Alkaoes, alkeDes, alkynes.

Staggered cooformatioo of ethsnc is :

(4) more stable fian c.lipscd co[formation
(d) l€si stable than cclip6ed conforE8tion
(c) equally rtable as eclipotd conformation

(d) impcssible to €xist.

Clcloalkanes are isomeric with ;

(c) 3-Eethylhexane
(d) 2, 2, 4-|Iimcthylpeotane.

Which of the following is not a Product of
petroleum reFrniDg ?

(a) Tbluene (6) Gasoline

(c) Kerosene oil (d) Diesel oil-

LPG mainly contaiDs :-
(a) methane (D) methane ard elhane

(c) hydrogon, methanc and ethane

(d) butanc and isobutane

Thcrmal decomp6ition of higher hydrocarbons
iDto lo{er hrdrocarbons is called

Which one of thc followi[8 is tbc most reactive
cycloalkane ?

(4) ClclopcntaDc (r) Cyclobttrne
(c) q/clopropane (d) clclohchne.
The boDd distanc€ betwecn thc flagPole hydrogen
atoms in boat colformation of cyc.lobocne is ;

Whicb of the following type of compound! 8re
€xp€cled to havc the hiShest octane numbcr ?

(a) Straigbt cbain alkanes

(D) CFloalkancs

(a) alkanes

(c) alkynes

(a) 2.2e A
(c) 3.10 A

(a) Sublimation

(c) Filtmtion

(D) alkenes

(d) arenes.

(6) I .54 A
(d) 1.$A

(r) Fractioml distillation

(d) Decantatioo.

(4) aromatization

(c) rcforming

(c) Branched chain alkancs

(d) Aromatic hydrocarbons.

14. Which of the follo$dng has

(b) cracking

(d) isomerizatior.

(6) m- rylene
(d) tolucnc.7.

Which one of the following is 'applicable to tho
conformatioN df a hydrocarbn ?

(a) C,--C distancc dlanges
(D) C-H distance changes

(c) C--{--C and c-C-H bood afues change,

(d)ODly distancD betwccD oon-bondcd Httoms
cbange8.

Petroleum is a mixture ofhydrocarbons contaioing

(a)q - q4 atoms (D)qj - qo atoms

(c) qo - C.o atoms (4 q - Clo atoms.

Refi ning of pctrolcum inYolves

point?

(a) (cH3)aC

the highest boiling

(D) (cH3)2CHCH3

G) CH3CH,CH2CII2CH3

(d) cH3cII2crLcH3.

Whicb of tbc follovring has thc highcst mclling
Point ?

(o) o-rylerc
(c)p-rylenc

9. Which ore of the following has the hiShest octane
numbcr ?

(4) z.heptanc

Whici of the folloc'ing reagents can bc us€d to
disti[8uish ethene from etlryne ?

(a)Bti/ CCla

(D) ammoDiacal CICI solution

(c) cold aqucous or slkalinc KMnOa solution

(d) none of ihc above.

BcDzctrc is less re€ctlve than cthcnc and ctby[c
to srdr addition rcsctions duc to
(a) thc prercllpc of 3 r-bords

(D) 2, 3dimethylhexane

17.
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(6) cyclic nature

(c) ry2-hybridization of carboD atoms

(d) delocalization of r-electrons.

18. Which of the follcring comPoutrds rcacts with
sodamide in Iiquid NH3 at 196 K to form an

alklnide
(4) CH2=CH2 (D) C6H6

(c) CH,-C = CH (d) CH,C = CCH3.

When 1 -butyne reacts with excess of HBr, the final
product is

(a) l, l-Dibromobutaoc (A) 2, 2-Dibromobutane

(c) 1,2-Dibromobutane
(d) l, l, 2, zXErI abt omobutane.

The heat of hydrogenation of benzene is 49'8 kcal

mol-l wbile ils resonance enerry is 36 0 kcal

mol-l. Thcn, thc heat of hydrogeDadon of
cycloh€:xrne i!
(a) 2a.6 kcal mol-l (D) 13 8 kcal mol-l
(c) 85.8 kcal mol-l (d) 36 0 kca! mol-l
Anti-Marko niko\,'s additioD of HBr is not ob-
sewed in
(a) Propene

(c) But-z€Dc

22. The hiShest boiling Point is expccted for

(a) Isooctane (6) n-ociaDe

(c) 2, a 3, 3-Tbtramethylbutatre

(d) r-Butaoe. ' t ]. t le\( 
'

z.Propyl bromidc on treatment witb ethanolic
potassium hydrcxidc Produccs

25. The number of structural and coDtiguratioD
isomers ofa bromo compouDd, C5H9Br formed by

the addition of HBr to 2-pentyne respectively are :

(D) But-1€re
(d) Penr2-ene.

(D) Propenc

(d) Propanol.

(4) methanc
(c) n-octaDe

(a) l-Butene
(c) 2-Butcne

(a) candle wa\
(c) vegetable oil

(4) conformers
(c) enantiomers

(a) I and 2

(c) 4 and 2

27. Natural gas is composed primarily of

(b) 2 and 4

(d)zand t. u.I.T te88)

(D) r-butane
(d) a mixture of octancs

(b) 1-BuErol
(d) 2-ButaDol.

(b) kerGcoe
(d) paraffin oil.

(6) diastereomers

(d) pGitional isomers

(M.L. M.R Allalubdd 1990 )
Aromatic compounds burn with a sooty flame be-
causc ?

(4) they have a ring structure ofcarbon atoms

(D) they have a rclativcly hiSh PercentaSe of
hydrogctr

(c) thsy have a relativEly hiSh PercentsSc ofcarbon

(d) they resi$ r€actioD with cygcn of 8ir.
(B.l.T Ranchi 1991)

l-Chlorobutane oll rc8ction with alcoholic Potash
gives

20.

21.
(LI.t 19el)

Which of the following is not a mixureof hydrocar-
bons ?

31.

' (B.I.T Rdn hl 1992)

Isomers wbicb can bc intercooverted through rota-
tion around a single bond are :

24, Out of the following comPounds, which one would
have a zcro dipole moment ?

(a) l, I-Dichloro€thylene

(D) cir-1, 2-Dichloroethylene

(c) rrazs-1, 2-Dichloro€thylene

(d) Nonc of these c-ompounds.

25. Which of the folloring has least hindered rotation
about carbon- carbon bond ?

(l.l.T, 1992)

Ozotro[,sis of 2, 3dimelhyl-l-butene followEd ry
reduction vith zjnc and vratcr gives

(a) mcthanoic acid aod 3-mcthyl-2-butaoonc

(b) mcthanal and 3-methyl-2-butsnonc
(c) methanal 8nd 2-metlryl-3-butanone

(d) methaDoic add aod 2-mcthyl-3-butaoonc.
(I.l.T 1992)

Whic! is thc de.realing order of stretrgth of bases:

oH-, NII2-, HC = C- and CH3CH2- ?

(a) CH3CII2- $ NHf > HC r C- > OH-
it

(a) Propane

(c) Proplne

(4) Ethane

(c) Acetylene

u.l.'l: lgEn

32.

(D) EthyleDe

(d) HExachloroethane (b) HC = C- > CH3C[I2- > NH2- > OH-

23. b 24. c 25. a 26. bL7. d
27, d 32. b

zt, c
31, d

20. a
30. c

lt. c 19. b
2t. c 29, a
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(c) OH- > NH, > HC = C- > CH3CH2-

(d) NHz- > HC = C- > OH- > CH3CH;.

ll l.'l: 199.t ; I & l: (.1': l )t)t)Jl

Which of lhe following reactions g,ill yield 2, 2-
drbromopropane ?

(c) HC = CH + 2HBr
(D) CH3CH = CH, + HBr

(c)CH3C=CH+2HBr

(l) CH3CH = CHBr + HBr.

t.1l.L.!\:. tt ,rtlttlnhad t't')
The order of appearanc€ of tbe following with rising
temperature during the refining ofcrude oil is

(a) keroseDe oil, gasoline, diesel

(r) dicsel, gasoline, ker6ene oil

(c) SasoliDe, dicsel, ker6oDe oil

(d) gasolino, kerosene oil, diesel.

t.rl.L.,\'.R \llll\1h d l')'t i

Indicate the expecled structure of the organic

product when ethylmagnesium bromide is treated

with hearywater (D2o).

(a) CrH5 - CrH5 (6) qHsoD

(") QHc (d) qH5D.

tl) L L l9)J t

Isopropyl bromide on \[trtz reaclion Sives

(a) Hexane (6) Propaoe

(c) 2, 3-Dimethylbutane (d) Neohexane.

tli H I lrt-;
Io the reaction,

Oxidation NaOH Sodalimc
C6H5CH3-A+B+C,
the product C is

(a) CdHsoH (D) C6H6

(c) C6H5CooNa (d) c5H5ONa.

tlt Il I'. l99J

A mmpound X (c5H8) reacts with ammoniacal

A8NO3 to giveawhite preciPitate, and oD oxidation

vith bot alkaline KMnO4 Sives the acid,

(cH3)2CHCOOH. Tberefore, X is

(4) CH2=CHCH=CHCH3

(b) cH3(cH2)2c=cH

(c) (cH jhCH-C = CH

(d) (cH3tc-c-cH2. LnI.S. 1994)

Which of the following compounds has the lowest
boiling point ?

(a) CH.CHTCII2CH2CH3

(b) cH3cH = cHcH2cH3

(c) CHrCH = CH-CH = CHz

(d) CHTCH2CH2CH3.

Which set of products is expected oo reductive
ozonol)sis oIthe following dioletiD ?

QHr
I

CHrCH=C-CH=CHz

(o) CHTCHO ; CH3COCH = Cl{2

(b) CHrCH = C (CH3) CHo ; CH,O

(c) CHTCHO ; CHTCOCHO ; CH2O

(d) CHTCHO ; CHTCoCH3 ; CH2o

Which of lhe followiDg does not Sive a white
precipitate with A8NO3 solution ?

(s) Propyoc
(c) 2-Butyne

(D) l.Butyne
(d) 1-Pentyne.

'Ibluene reacts with nlethyl choride in Presence of
anhydrous aluminiunr chlonde to Sive mainly,r-
)rllene. This is because

(a) CHj-group is rn - dircctiog

(b) CH3-group has +l-effect

(c) b€cause of hyperconJugation effect of the CI Il-
SrouP

(d) n -xylcDe is tbermodynamically morc stable.

which of the follo\r,ing compounds exhibits
geometrical isomerism ?

40.

41.

35.

36.

(a) CrHrBr

(c) CHTCHO

(E) (cHh(cooH)z
(d) (cH2)2(cooH)2.

Geometrical isomerism is shot r by

H.1 --l(o\ C=C' , H/. \Br
H-- -.1rb) C-C

cHr/ \B'

d 37. c -1t. b 39. c33. a 34. c
4!.d 4.b

35. d 40. d 41, c 42. c
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CH:.._ -.Ct H_ _ct(c) _C=C (dt -C=c-
CH3/'' \ Br Cll ,.,' \ ct

t tt.L \'. R. .tLattlhdd t9t)Jt

46, Which of the fotlowinE wiil shoq nromatic be-
haviour?

*,O

N'O
(HaDaM C.t:.L.'f I996t

Which of the following is us€d as an antikrockiDg
material ?

(a) TE.L. (b) c2H5oll
(c) Gly(xal (d) Freon.

(c.B.s. t:. PtL.t: 1t),)(t\

(cH3)3CMgCl oD rcactio[ wirh D2O pr&tuces

(4) (crr3)3CD

(c) (cD3)3CD

When cyclohcxaDe is
because

(a) C)clohexaDe is in 'boat' fornr
(r) Crclohexane is rn 'chair' form
(c) Clclohexaoe is in cro\lTl, form
(d) Cyclohexanc is less de[se lhan \r'ater

In tho reaction of C6II5Y, the major pro(tucl ( >
607,) ls rrr,isomer, so rhe group y is

(a) -CooH (6) -cr
(c) -oH (d) - Nr 12

it t Lv..\ 1t)t)7\
51. l-Butyoe reac6 with cold alkaline KMnOa to

produce

(a) CHTCHTCHTCOOH

(r) CH3CH2COOH

(c) CH3CH2COOH + CO2

(d) CH3CH2COOH + HCOOTI

A

52. In cnmmercial gasolioes, the q?e of hydrocarbons
rl'hil'h are more desirahle is

(a) brancbcd chain hydrocarbons

{A i slraight chatn hydrocarbons
(.) lincar unsaturated hydrocarbons
(d) tolueDe

17.

{t.

(d\

(D) (cH1\ot)
(d) (cD3)3oD.

Q.l,T t9e7)
poured oD watcr. it floats

53. The most stable conformatioo ofrr-butane is
(a) skew bo€t
(c) gauche

(r) eclipsed

(d) staggcred-anti

\ (.8 s.1,. Itll.'l: t9t)7)
54. Which of the followiDg is rro, aromatic ?

ia) Beozene

fb) Cyclo@iate rraenyl diadon
f(''r?opylium cation
(d) Cyclopenradienyl cation ttt. I. l..v. S. I ee7 )

55. T}te IUPAC name of the @mpound

cl-..\ -,-c\cH, 
is

c=ct\c"' \I
(o ) tr ant -3 -i(to 4 +hloro-3 -p€tltenc
fi ) cir -2-chloro-3-iodo-2-p€nteDe

( ) /rolr -2-chloro-3 -iodo_2.penreDe
(.r) cir-3-iodo-4-chloro-3-peIltene.

\ (..It \.F. 1!.tI..l: t9t;Sl
56. Whrch one of the followiog is not compatible wirh

areDcs I
fa) creater stability
(6) DelocalizatioD of .,r€lectrons
(.) Elecrrophilicaddition
(/) Resonance.

(c.R.s.D. PM.I 199n

(c.B.s.E. P-+t.T 19eE)
Anroog the follnriog compound& the strorlgst acid
ts

;7.

(a) HC . CH

G) qTL
(D) C6H6

(d) cH3oH.

45, b 46. b 47. o 4t. a
56, c 57. t, 5E, a

G-l.l.M.s. tgen

i.1.7: r998t
5$. The product(r) obtitined vrl4 o,qrmercuration

(HgSO4 + H2SO4) of l-buqne would givc

o
I

(rr)CH3CFI2-C-Cff,

(6) .HTCH2CII2 _ cHo
()CI{3CH2CHO+HCHO

(rr) CH3CH2COOH + HCOOH, 1.1..t: tt)t)t)\

1r. d 50. o St. c 52. a 53. d 54. d
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59. A 8as decotourises alkaline KMnO4 solution but

does not Sive PreciPitate with A8NO3, it is

67. The dihcdral angle b€t\,carl two C-H bonds in the

smggered conformatioD o[ethane is

(a) CHa

(c) QHz

(4) ether

(c) acetic acid

(b) Q,H+

@qH6.

(A.EM.C. 1999)

(r) ketone

(d) ac€taldehydc.

(a) 180"

(c) 120'

(6) 0'
(d) 60"

62. HeatiDg a mixturc of sodium beozoate aDd soda'

lime givcs

(a) Benzere (b) Methane

(c) Sodium benzoate (d) Calcium beDzoate'

(ll.l!("Il.D- lgee : 1 F'11 ( 1t)')t) '

63. WheD acetylene is Passed tbrougb dil. H2SO4 inthe 1.
presence ofHSSOa, the comPound formed is

(M.PC.E.E. 1999)

'60. In the reaction with silver nitrate, scrtylcne shcma

(a) Oxidisiry ProPerty (b) Redudog ProPerty

(c) Basic ProP€rty (d) Acidic ProPerty'
(lI PC D Ii leget

61, When acetylcne reacts with arsenic triciloride in

presence 6f anhydrous aluminium chloride, it
produces

(a) P€t orovinYldicbloroarsine

(b) Lewisite
(c) Nitrobenzene

(d) Both (a) and (6).

(b) 2: 1

(d)2:2
(l'M'S'BHU 200t))

69. Among chair, half chair, twist boat aDd boat con'
formations, tbe one that is most stable is

(6) Halfchair
(d) Boat

t.l.LI:tLE.It.2ooo)

70. The chemical srstem that is non-aromatic is

a,o
c)n

lc.B.s.E. M.T 2000t

6t. What is rbe ratio of,r' and d'bonds in b€nzene ?

(a) 1: 4
(c)1:l

(a) Chair

(c) Twist boal

u.l.PM.E.R 20oo)

In Friedel-Crafrs synthcsis of toluene, reactaDts in
addition to anhYdrous AlCl3 are

(a) C5H6 + CHa (b) C6H6 + CH3CI

(c) C6H5CI + CH3CI (d) C6HiCl + CH1.

t(.lt .s.Ii. P,tI.l )00(t)

Which oDe is/are weaker acid than water ?

(a) Almhols (b) Terminal alkyoes

(c) Both (d) and (b) (d) Mercaptaos.

\l)( l:1ltt)!))

Identiry the comPounds A and B io the following

reactioo sequence.
HzSO1

CaC. (r) + H'O (r)- A (q) + B(I)
HgSO.

(4) A is cthylene, B is acetaldehyde

(b) A is acetylene, B is proPionaldehyde

(c) A is ethane, B is etharol
(d) A is acetylene, B is acetaldehyde.

!!t!I)!)t)t)l

when 2-butyDe is treated with dil.

H2SO4,/HgS04, the Product formed is

(a) Butanol-l (b) Butanol-2

66. b 67..1 6t' a

t( ll\I i:ll t l't'

64. In Friedel-Cratts alk lation, besides AlCl3. the 
72,

other reactants are :

(a) C6H6 + NH3 (6) C6H6 + CH1

(c) C.Hu + CHrCI (d) C6H6 + CH3COCI'

ta i'i\i. i'i, ))" 73.

65. Beozerle reacls witb chlorine to fornl benzene

hexachloride in Preserrc€ of

(a) Nickel (b) Arcl3

(c) Bri8ht sunlight (d\Zlnc-
'\t l'( ! r I

66. But-z-e[e exbibit cit'rront isomerism due to

(d) rotation around q - C4 siSma bond

(6) restricted rotatioo around C = C bond

(c) rotation around Cl - q bond

(d) rotation around q - q double bond'

t l '! l'"

.I .1,.'

74.

64. c 65. c6t. d
71. b

59. 60. 63, d
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(c) 2-Butanone (d) Butanal.

75. When propyne is treated with HgSO4,/H8SO4, the

Product is
(a) Propenol
(c) PropaDonc

Tbtrabromo€thane oD heating with Zt girrcs

(a) Ethyl bromide (6) Erhane
(c) Etbene (d) Ethyne.

Which of th following compounds will exhibit
Seomelrical isomerism ?

(a) l-Phenyl-2-butene (6) 3- Phenyt-1-burene
(c) 2-Phenyl-1-butene

(,i) 1, l -Diphenyl- 1-propeDc

Propyne and propene can be distiDguished by

(c)I>II>tII>IV (d)II > I> III> IV
\c.R.s.E. PLI.T 20000J

62" In chlorinadon of benzene, the reactiw sp€cies is

(r) ct-
@a;

$1.P M.T 2000)
t3. An organic compound oo lrcstmcnt with Br2 in

CC1. giws bromoderiEtivc of an alkcnc.Thc com-
pound will be

(a) CH3-CH - CHz (r) CH3CH - cHCHr
(c) HC - CH (d) Hzc - CH2

(D.C.L.2A0t)
t4. Whicn atkene otr czoDob6is give! CHTCH2CHO

ard CH3COCH3 ?

(a) CH3CII2CH - qCH3t
(6) CH3CH2CH = CHCH2CH3
(c) CHTCHTCH = CHCH,
(d) (cHr2C = CHCH, (('.8.s.8. rltr.T 2001)

E5. The oumbcr of bomeN for thc compound },ith
moleorlar formula qBrClFI is

(a) conc. H2SOa

(d) dir. Hzs04

(6) Propanal

(d) Propaooic acid.

(D) Br2 in CCla

(d) AgNO3 iD ammonia.

(a) Cl+

(c) clz

\l.l 1. 20(10 )

Which of the follcm,ing alkeoes will react fastcst
with H2 under catalrtic coodition ?

R\--y'r
R/-\
R\----l R

RAn
il J.T tIt1r\

Ao alkane gHt6 is produced by the reaction of
lithium di (3-peDtyl)cuprate with ethylbromide.
The s(ructural formula ofthe product is
(c)3-Ethylpenraoe (r)2-Merhylp€ntane
(c)3-Methylhexane (d)2-Mertrylhemn
(e) HeptaDe (Kerula lI.E-8. 2000

Which of the following compounds sdrlbils
stereoisomerism ?

(4)2-methylbutene-1 (r)3-merhytburyne-'l

(o) 3

(") s
(b) 4

(d) 6 {t.t.I: 2001)
R

(a)
H

(d) (c) 3-merhylbutanoic acid
(d) 2.methylbutaooic acid (r.r.T 2002)

(D) CH:-CH-C_CH:
tlD CHr

117. Whici of the following hld rocarbons has rhe lowest
dipole moment ?

(")
cHr

H./ \H\=y'"' (6) CHrC = CCH,

(c) CH3CHzC = CH (d) CHz = CH-C = CH

! Mttii):
tt, Consider the follotping reaction,

HIC-CH-CH-CH. + dr ...-,x'+ HBr-l
d Cn,

Identiry the srructure oftbe major product ,X,

(a) CH3-CH-CH-CHz

n J",

77. o
47. b

75. c 76..1
ts. d t6. d

79. a lT0. d El. a EZ- a ll3. c

(olX:

AmoDg the following compounds, the decreasing
order of reactivity towards electrophilic substitu-
tion is

(a)III > I > II > ry (b)Iv> I> II > III

74. c
E4, a

7E. d
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(c) CH3--I-CH-CH3 (d)cH3- ( ll Ltl ( ltrrr ID CHT CH:

s9. ldcnlily lhc rcilScnl lron] thc lolh)n]l)t llsl \rhl(h
c{n easily distioguish between l-butyle and 2'
bu tyne

(a) bromine, CCll

(b) H2, Lindler catalyst

(c) dilule HzSOa, HgSOa

(d) amnroDiacal Cu2Cl2 solution

90. Identiry lhe correct order of reactivity in
eleclrophilic substitution reactions of the following
compounds:

(d) zn-Hs
On mixing crrtain alkanev,/iib chlorine and irradiat-
iDg it with ultraviolet li8ht, one forms only one
monochloroalkane. The alkaoe could be

(A.LE.E.ll. 2003)

97.

O
I

dd
34

(b)4>3>2> I
(d)2>3>l>4

(4) neopentane

(c) pentane

(b) propane

(d) bopentarie

(a)1>2>3>4
(c\2>l>3>4

(a) NaOH

(c) Na

(a) CH3coCl

(c) CICHCHO

(c.B.s.E. l!M.'l: 2003 )

t0l.

Et. , A9..1 9o. c
9t. b 99. d 100. D

91. When CrI3CH2CHCl2 rs treated with NaNI12, the

producl formed is

(a) CH3-CH = CH2 (D) CHr-rl = CH

'zNHztc) CI l-CH^CII'-'-NH.

-ctrd) cH"cH"cI{ a
- NH,

92. Which of these will nol react wilh acetylene ?

(b) ammoniacal AgNO3

(d) HCI
i.rr.l.li. E li.200l)

What is the product formed wheD acrtylene reaoLs

with hypochlorous mid ?

(D) C1CH2CHO

(d) crcH2cooH
(/t.l,Ii.L.E 2t)t)))

94, The orrholpoo4irecting Sroup among the follow-
ing is

(a) cooH (b) cN

(r) COCH3 (d) NrrcocH3

All'lls )at)i)
95. -lhc treatmcnt of benzene with isobutene in lhe

i,rescnce ol sijlphuric acid Sives
(d)Isobut),lbsnzeDe (D)lert"ButylbenzcDe

(c) n-Butylbcnzene (d) No reactioD

t/l l l;"! \' )00.1)

96. Butene.l may bc conl'€rted to butane by reaction
with

(a) Pd / Hz

(b) tut-Hct
(c) Sn-Hcl

t,l I l .l' 1,. )t)ttl
CH.t-

The compound, CHr-C=CH-CH3 on reaclion

with Nalol in prcsellc€ of KMoOa gives

(c) CHTCOCH3

(b) CH3COCH3 + CH3COOH

(c) CHTCOCH, + CH3CHO

(d) CH3CHO + CO2 \(.B.s.L t:)y.t:)0t)tt
The correct order of reactivity towards the
clcctrophilicsubstitutioo of thecomPounds aniline
(l), benzene (II) and nitrobenzene (IlI) is

(a) III > II > I
(b)rr>IrI>l
(c)lcII>III
(d)I>It>IIl
Whicb ooe of lhe follqwing ordcr of acid streDgth
is cortect l
(a) RCOOH > ROH > HOH > HC = CH

(b) RCOOH > HOH > ROH > HC = CH

(c) RCOOH > HOH > HC = CH > ROH
(d) RC0OH > HC = CH > HOH > ROH

( ('.R.S. L. I:il.'l:200.1)

He' ' /H'
Ph-C=C-CH, ----:-+ A

Ais

91. b 92. a 93. c 94. d 95. b 96. a 97. a
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o
at Pn--(

,..)
OH

(c) Ph<
,rc/

cHr

(d) cH3-cH2-fHcH2cH2oH

t.r 10.L.L.2004)
107. The additiou -, .0symmetrical reagents to unsyrn-

metricalalkenes ocrurs insuch a way that thc nega-
tive part ofthe addeodum goes to that carboD atom
of the doublc bond which carries lcsser Dumbcr of
hydrogeD atoms, is callcd by

102" 2-Heryne gives ,r4ru-2-hexene on lreatmeor with
(a) Saytzeff rulc (D) MarkovDikoi,'s rule
(c) Xhsrasch effecr (d) Antisay ff rule

\/t.Ii,u.c.2004)
10, Beozcnc can bc obtained by hc€ting cithcr benmic

ac.id with X or phenol with Y. X and y rEspccrively
are

(a) ZDc dust aDd soda-lime

(D) Soda-lime and zjnc dust
(c) ZDc dust and sodium h)drqide
(d) Sodslime aDd coplff(Knr ataka C.D.T 2001)

1Or, On heating a mixture of two alhy' balid€s wirh
sodium mclal in dry erher, 2-methy'propane war
obtained. Thc attyl hatide is
(a) 2-Chloropropane aDd chloromcthaoe
(6) 2-Cbloropropane and chloroethane
(c) Chlorocthanc 8trd chloroethane
(d) Chloromerhane aM l -chtoropropane

(Ktrnotaka C-E.T 2004)

ll0. Thc first fracrion obtaincd during ahc ftaclionarion
of petrobum is
(o) hydrocatuon gas€s (r) tercem oit
(c) gasoline (d) dicscl oit

(Ihnar4ka C.ET. 2004)
lll. Whicb of rhe following compounds is not aromatic ?

(4) LilNH,
(c) LiAlHa

(r) Pd/ BaSOI

(d) Pt/ H2

104 q is

bond

103. 2-Phenylpropene on acidic hydration gives

(a) 2-PheDyl-ZpropaDal (D) 2-Phenyl-1-propanat
(c) 3-Phenyl-1-propanal (d) 1-Phenyl-2-propaDal

roiated anticlockwis€ 120' abour q-q

The resulting conformer is

(a) Partially ecliFed (D) Eclipced
(c) Gauche (d) Staggered

105. Which of the followiDg has rhe minimum boiliDg
poinr ?

(a)n-ButaDe (D) l-Buryne
(c) l-ButeDe (d) l-Isoburcne

106, Antong the following compounds whrch can bc
dehydrared very easily is

(a) CHTCH.CHTCH2CHTOH

(6) CH3CH2CHz-CHOH_CH3

cHr
I

(c) CH.CH"-C-CH"CH,--l
OH

i l.r K C.t .T i00d\
112. Ethylbenzene with brominc in prescncr ofFeBr3,

predorDinantly gives

(,),A.

G'tr

-Br
1,1 OFcqcH, 1a1

Br
t__
(o)'"''n,

101. a
lll. c

104. c l0S. dlO2, a 103. d 106. c lO7. b 10E. 
'

lO9. a ll0. 4
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7r/CH3OII
Y,YiS

(D) CH3COOH

(d) cH3-cH3
( M. (;. I. nL S. llhrdtut ) t)t ) J )

116. Debromination of ,nero-dibromobu tane will Sive

the product as

(a) n-butane (b) 2-bu$'ne

(c)cit-2-buteoe (d,)n'an\-2'b,ulene

Ll/ I / rI J \\,idiu! _i )!

117. Pick out the alkane which differs from the other

members of the grouP

(4) 2, 2-DimethYlProPaDe

(6) Pentane

(c) 3-Methylbutane

(d) 2, z-DimethYlbutane

11E; Among the following the aromatic comPound is

11r. Octanc number can be changed bY

(b) alkylation

(d) all oflhese

1, 2-Dibromoethane with alcoholic Potash Sives

(d) EthaDc

(b) Acetylene

(c) Ethylene

(d) Methane

(e) None of the above

Photochemical chlorloation is initiated bya process

of
(4) Pyrotysis

(D) Substitution

(c) Cracking

(d) Peroxidation

(e) Homobsis

(D) Perol
(d) LPG

( llll.l: )00Jt

Using anhydrousAlCl3 as catallst, which one ofthc

following reactions ProducEs ethylbenzcnE
(PhEO ?

(a) CH3-CH2OH + C6H6

(b) CH3-CH=CH2 + C6H6

(c) HrC=CH2 + C6H6

(d) CH3-CH3 + C6H6

123. Which docs not follow Markovoikov's rulc ?

(a) CHrCH=CH,

(rr) CH3CH=CHCH3

(c) (cH3)2CH-CH=CH2

(d) CH3CHzCH=CHz

124. Which of the following reactions will ield 2' 2-

dibromoproPane 'f

(4) CH2 = CHBr + I{Br

(b)CHrC=CCH3+2HBr

(c)CHrC=CH+2HBr
(d) CHrCH = CHBr + HBr

125. Term 'Hexadecane' in p€troleum Ls commonly
called as

(4) Octare
(c) Cctane

al @-cHrcn nr1ai nr@-cn or,

Which of the following conpounds will exhibit ctlr-

\ K,r1t Ii l I. f . L. :t)t)J t

through a hot iron tube at

(4) isomerisation

(c) cyclization

,raru- isomerism ?

(a) 2-Butene

(b) 2-Butyne
(c) 2-Butanol

(d) Butanone
(e) Butanol 1'1'

114. Propyne when Passed
400"C produces

(a) Benzene

(b) MethylbenzeDe

(c) Dinlethylbenzene

(d) Tiinlethylbenzene

(e) Polypropene

o3
11s. CH=CH - 

X
(a) CH2oH-CH2OH

(c) qHsoH

6truh nl.E.L:. 2004)

(Ihrah E.D.E. 2004)

(Ko ataka 2004)

Y
tr

(o)

(c)

v
V

(b)

(,1)

ILLI-tl.s.20tut

ll2..t 113. a
122. o 123. b

114. d 115. a 116. tt 117. d 11t. a 119' d 12O' b l2l' e

124. c lZ5. c
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H I NT5,/EX PLANATIO N 5 to M ult i?l e Ch oic e Qu e et io ne
6. In conformatiorN of hydrocarbons, for example, iD

ethaDe, only the bond disiaoce betwe€n, the oon-
bonded trydroger$ changes (for example, in
cclipsed form, distaDce = 229 pm while in stag-
gered form it is 310 pn, while all bond distanc€s
and boDd alrgles, however, remain to be the same
Similarly iD boat form of cJdohemne, the distance
between fraspole H-atorns is only 183 pm which is
much smaller than the distsnce betweeo similar
H-atoms in cbair conformation.

9, I-ar8er the braDchiog, higher thc octane number.

10. lbluene because il is aromatic.

14. Since it has the largest number of carbon aloms.

15. p-Xylene beiDg symmetrical packs closely in the
crrstal lattice.

16. Because ammoniacal CuCl reacls wth ethvne but
not with ethene.

lE. Ooly termi[alalkynes react.

19. Markovnikov's addition

20, Let the heat of hydrogeDation per double bond

= r kcal mol-l. .. Total heat evofued when three
double bonds ofthe benzeDe riogare hydrogenated

=3r kcal mol-I. But the actual heat evohed

= 49 8 kcal mol-land resonance errersi = 36.0
kcal mol-1.
.. 3r-36=49,8 or 3r= 49.8+ 36 0=85 8

or x = 28.6kcalmol-1.
21. Only bui-2-ene is symmetrical thereforc,

Markovnikov's and anti- Markovoikov! prcducls
are the same.

22. n-Octale anjd 2, 2, 3, 3-tetramethylbutane have
ei8ht carbon atoms each butr,{daDe has a straighr
chain while 2, 2, 3, 3-tetamethy'butsne is higty
branched.

25. Both ethane and hexachloroethane contaiD C-C
bonds and hence have less hiDdered rotation rhan
about C = C in ethylene and C = C bond in
actylene. Out ofethane and hexachloroethane, the
latter has higher hindered roLatioll bectuse ol big-
ger size of CI atorns.

26, Markomikov'sand anti-Markovniko/'sadditioD of
HBr gNes two structural isomers, ia,

HBr
CHrC= CCE2CH, * CH:CH = QBr)CH2CH,

+ cH3c(Br) = cHcH?cH3

Each of these two isonters can exist as a pair ofcir,
,raar-isomers and hence there are four configura-
tioDal isomers,

30. Vegetable oil is a ml\ture of triglycerides of higber
faiN acids"' (,) or

32, CH3-CH-q*CH2 _-__
I I zn/H,o

cH3 cH3

CHl-CH-C-O + CFlr=O.-tl
CH, Cu, Merhanar

3-Mcthyl-2-butEnonc
33. Refer to the t€xt on page 15/57-

39. 'ILrminal allvDe contabing (cHr)2CH group.

40, It has least number of C-atoms.

41. Clcavage on eittrcr side of eacb dou ble bofld gives :

CH3CHO, CH3COCHO and CH2O.

42. Since it is rloo-termioal,
43. As expected frr6t a mixiure of o- aad p-xylcnes is

obtained which subsequ€ntly uDdergo rcarrange-
ment to E[,e the thermodynanlically more stable
m-xlleDe,

44. (cH)2(COOH)2 actually represenrs HOOC-CH
= CH-COOH which shos,s geometrrcal
isomersm.

46. Only (b) has a coDjugated s,stenr of6 z- electroDs.

While cyclopeDtadieoyl cstion has only 4 r-
electrons-

48. (cH3hCMgCI + D2O 
-
(cl{3)3CD + Mg (OD) Cl.

50. Only . COOH isrfliirecting, resr are Btto,p-diect-
lD8,

51. Terminal alkynes on oxidation give a mixture of
COz 8trd a carboxylic acid with oDe C-atom lcss

than that ofthe s(arting alkyeoe.

56. Arenes undergoes electrophilic substiturioD reac-
ttoos.

HgSO{ + H,SO.
5t. CHTCHTC = CH + H2O...-.-..-..-.._

Mark. Bddn.

- Truomeriscs
lcH.cH-c = cH-l --| ' 't "l
IoH]

cH3cll2-co-cH3.
59, qHa dccolouri6es KMnOa solution but does not

give ppl with AgNO3 soluriotr.

61. p-ChlorcF/iDyldichtoroa6iDe and Lewhite are
names of the samc coflpouDd.

64. The option (d) impli€s EC ac,,latior.
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Compound (c) has no.E-clectrons, comPound
shown in option (d) is called azulene in whicb both
the rings haw six r-electrons and heocr azulene is
8n ar(xnatjc comPoutrd, So 8rc beMene (4) aod
naPhthalcnc (r).
Sincc the $-H bond in mcrcaptaDs (RSH) is

wEaker than O-H bond is alcohols (ROH);there-
forc, mcr6ptans are slronger acid than Slcohols.

Rrrtber, since bo$ alkodde ior$ (Ro-) aDd

acety,lidc ion (Rc = c -) react with H2O to give the

mfi€sPording alcohol and acetyleDe respeclivety,
thcrcforc, both slcoholf, and terminal alkynes are
*Ealcr scid than watEr.

HrSoy'HgSO.
CH3CTCCHT+H2O

cH3cocH2cHr.

AgNO, ln NH3 resds wittl proEne to Eive white

ppt. to rilwr Protryflide wtile Fopenc doex not.

Durint catalytic @rogenation, the hydrogens arc
lrarufcflEd from th€ c€talyst to the samc sidc of the
doubb bord tlErcby SMng cit{lkenes- Evidently
srnaller ltc numb€r ofR substituents, l€ss€r tu thc
stcric hindrancE and hence fustcr is the mte of

@ogenation.
[(cH3cHrtc]l2l3culi + BrcH2CH3 .-

Lithiun di(3-Fntyl)c1|pratc

trrclli
cnJn-cnrcn3 + (cHrcHz)zcHcu + LiBr

3 -EthylFntane
(M.F. gHrd

Reactivity to ards eledrophilic substitution
dccreasas a! th€ electron density in the benzene

ring decreas€s. Thus, option (a) is correct,I.t- III >
I>Il>w

t5. Six isom€rs are

+ cuHo
95. (CHr)3C 1 CH? + H+ .- (CH3rrC ----l

lsobuleoe - H f

cHr "fi,lf";l*:I KMnOa
9t. Cftr-C = CfI-CIl3 ...-

KMnO,|
(cH3)2C=O+CI'ITCHO 

-(cH3hC-O+CH3COOH
Hr''

101. Ph-C = C-CH3 --:-

Morcstablc
iIcipient carbocalion

Tautomcrises
Pb-co-cH2cH3

o-a 
= 

"rut 
.c|/ \l

103. CH3-C=CH,

[.r,
2- Phcnylptop€nc

(n) boil with HzO

OH
I

cH3-c. -cH3
I
ccHs

2-Phcny' -2*proPanol

(D Hfor

Rolrtc rntidock\ d$
F\ ,.4c-c
Br/ \I

t-a=
t/

--cl
"- ".

F.._ .zBr
and t"-c=c\t
CHrC = CCH, beiog linear and symmetrical ha-s

lo est (or zero) diPolc monlent.

I
I
I
cHs

87.
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I ll-q. Ilecause of greatcr polarizability, alkenes and
nllq,nes have higher boiliDg poinrs than rheir
isonrcric alkancs.

lll. (rr), (lr) and (d) havea c)cliccloud ofsixz-electrons
and hencc aromaticwhile (r) has.l r- clecrronsand
hence antiaronratrc.

Or Zn/CHtOH
ll5, cH - cH-- oHc_cHo

(R.d.E.i@t)

H2OCH2_CHzOH
Ethmc-1,2-diot

ll5. Addition of Br2 to 2-buteDe gives ,ncso-z, 3-

dibromobutaflc by taru.addition (refcr !o page

1 5/3.1) C()nvcrsely, debrominatioo ot meto-z, 3-
dibromobutate also occurs by ,,-drr-clinrinahon.
nrcchanisrD to form t/dnr. 2-butcne.

I17. (a). (r) and (c) ars all isomers but (rr)isnot.
ll8, Only (d) has 2r-electroDs and lrencc is aromalic.

All others hirvc 4, eleclrons aw) heDae antr
arcnolic-

122. ID presence of anhyd. NC-b, ethanol gives

CH3CHJ which a acks ltre benzene rinB to give

erhylbcMcne (Refcr to psge l5r3).
12J. Symmetflcal alkenes, r.€,,2-buiene does Dot follow

Markovnik0's rule.

Assertion

C4H6 represenls a bicycloalkane.

But-1<ne and 2-methylprop. 1-ene are pGirion
tsomem.

CHBr = Clicl exhibits geometrical iromerism but
CH2Br-Cfl2Cldo€s not-

All the carbon atonls of but-2-e[e lie in one plane.

2-Butenc shorrs geometrical isomerism.

Alkanes haviDg more lhao threc carbon atoms exhibrt
ciain isomerism.

Clcloutane is less stablc thaD cyclopentaDe.

ornpetitave E)<arn nataons

Reason

The gcneral formula for biclcloalkancs is CrH2r.

P6ition isomeN have same molecutar formula but
differ in the pcition of ttre tuDctboal group.

Presence of double bond is onc of the conditions of
geometrical isomerism.

AII ihe carboo atoDs in but-2-ene are .'f-trybridized.

cir and taaJ-2-butcoc are diastcreomers.

All carbon atoms in alkancs are tp-hybridized.
ut.r.M.s. t994)

Pres€ncc of 'bcDt bonds, cause3 l6s of orbiial ov€rlap

For All

i e Q.uestione
The follot{in8 questions co[sist ofatr 'A.ss€rtioD' in columD 1 ond thc'Reasor' in columtr 2. Use thc fotlorlng
key to cho6. the Epproprlst an6 .r,
(a) Ilboth assertion ard reosotr sr.! CoRRECI, butEasoD is Dotthc CORRECT erplsnotlotr olthe ass.rtion,
(6) lfboth ossertion snd rcosor are CORRECI; but Eoson is notrhe CORRECTexplolstlotr ofthc ossertion.
(c) Itasscrtion is CORREgf, but rEEsor is INCORRECr.
(d) If ossertion is INCORRESI; but Eoson is CORRESL
(e) If both ossertion and ]tnsott orc FAISE.

1.

4.

6.

(AJ.I.M.S. 1995\

u.I.I.MS. 1997)

ADDTTTONAL gUESTTONS

Lactic acid shows geometri@l isomerism. IthasaC=Cbood.
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ll.

As.itlon
A solution of brominc in CCla is decolouris€d oo

bubbli'lg acet]'lcne through i!.

In Kolbe's electrolytic decarbqylation reaction, tbere
arc n-carbon stoE! in the parent compound, the
alkane producrd will have (r-l) carbon atoms.

Tteatment of 1, 3dibromopropaue with zinc
producrs cFlopropanc.

Aoetylenc reacts with dilute H2SO. in presence of
HgSO. ro giw acctaldehyde.

PropoDe and HBr react itr thc pre$nce of benzoyl
perqide to give l-bromopropane.

Both toluene and z-propylhnzene give the saDe
product oo midation with KMtrO..

The acidity of C-H bond vari€s io the order :

CH = CH > CH, - 911, > CH,-CH3

Addition of Brz to 1-butenc givEs two optical isomers.

Dimethyl sulphide is commonly used for the reduction
of an ozoDide of an alkene to get the carbonyl com-
pouods.

Atkylbenzene is not prepared by Fliedel-Crafls alkyla-
iion of be[zene.

,r4ru-2-Butene oD reaction with Br2 gives n€ro-2"

3.dibromobutane.

cir-l, 3-Dihydrcygclohexane €xists in boat confor-
mation.

\trhich of tbe follorring statemenLs are tlue and
which are false ? Rewritc the false statemeDts mr-
rectly.

2, 2.Dimeihytbutanc and 2-methylbutane are chain
isome rs of heEne.

Acetylene is a tetrahedral molecule.

Like alkenes, alkynes also show Seometrical
isomerhm.

Staggercd and edip!€d conformatioD ofethane can
be separated.

In bcrrz-cne, carbon us€s all thc ihree P- orbitals for
bybridizatron. \I.I.T 1gEn

The most ac{rpted theory aboui the oriSin of
petrolcum is believed to be oforganic oriSin.

Branchilg in hydrocarbon chain decreases the oc'
taDe llumber.
Gasoline directly obtained by refining of crude
petroleum is called sftaight run Sasoline.

Reason

Bromine is expelled from the solution as 8as by
acetylene.

Kolbe's electrolytic n]ethod can also be emplqyed for
produoing ethene and ethyne.

The reaction of allryl halides with zinc metal is called
Corey-Housc reaction.

Acetylene is a feeble acid.

In preseoce ofperoxides, addilion ofHBr occurs aDti
to Marko\ nikov's rule.

KMnOa oxidises alkyl sidc chains oI arenes irrespec-

tive of their length to - COOH group.

Higher the bond order greater the bond strength-

'l}le producl contaiDs one asymmetric carbon.
(I.I.T, 1998)

It reduces the ozoDide giviDg watcr soluble dimethyl
sulphoxide and cxcess of it evaporates.

(r.I.T 2ool)

Allryl halides are less reaclivc than acyl halides.

84,.1.1.M.5. 2003\

The reaclion iDvolves r),a-addition of bromine.
(A.I.I.M.S. 2003)

In the chair form, therc will Dot be hydrogen bonding
betweeD the two bydroryl groups. (A.I.I-M.S. 2003)

14.

15.

t6.

17.

True/Falee Saatemente

3.

9. Reforming invokcs conversion of aliphatic ioto
aromatic hydrocarbons.

10. Io Fischcr Ttopsch proc€ss, srrthctic petroleum is
obtained by the hydrogeDation ofcoal.

11, Wrrtz reactioD can bc us€d to prepare alkanes with
odd number of carbon atoms.

12. Hydration of etbyne iD presenc€ of dil. H2SOa atld

H8SO4 as cstalyst at 333 K gives ethanal.

13. Polyvinyl chloride is a polymer ofchloroethane.

14. A mixture of conc. HNO3 and mnc. H2SOa is used

for sulphonation of arenes.

15, LPG does not c{ntain methane sinc€ it can[ot be
easily compressed.

16. Acetylene is more acidic than eth,'lene.

(B.I.T Raachi 1992)

17. Photobrominalion of 2-methylbutane Sives a mix-
ture of 1-bromo-2-metbylpropane and lbromo-2-
methylpropane in the ratio 9: 1. (I.I.T l99i)

6.

1E.

19.
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l. A quartcrnary carbon atom is attacied to .... other
carbon atoms.

2. In methane, carbo[ exhibits.... hybridization and
the four hybrid orbtals are iodiDed ar angle of ....

3. ChaiD isomcrism arises due to different arrange-
ments of thc ....

4. Infinite Dumber ofspatial arrangeme[b of aro[rs
obtained by rotation about carbon-carbon single
bond are called ....

5. Tbe two extreme conformatioos of ethane are
c€lled.... and....

6. Restricted rotation abour carbon-carbon double
bond gives rise to .... isomerism.

7. Resonaoce encrry is a mcasure of cxtra stability
conferred on the molecule due to.... of electrons.

t. Lewis structures whicb differ in the po6it ion ofelec-
trons and not in tbe position o[ atoms arc callcd ....

9. Organic compounds which conrain at least onc
beMene ring are called .... compounds.

10. The real structure of benzenc is a ....... of two ......
structures.

x
l. Clclic conjugated polyeneswith

(4/, + 2) z-electroos.
2. Naphthalerie
3. o-Dichlorobenzene docs not exst as

two isomers

4. 'Ibtraethyl lead

5. Friedel-Craflsreaction

6. Wurtz reactioD

7. OzoDol),sis

11, The Ihree isomers of )rylene are called ..., ..., and.... 27'

12. Isomerswhich differ in $esparial orientation ofthe ZE.
atoms or groups are called .....

13. Carbon-carbon bond length in beDzene is .... which
is intermediatc between carbon€rbon single bond Zg.
length of..-. and carboo{arboD double bond lengrh
of....

14. Petroleum is avaluablesource of..... hydrocarbons. 
30'

I5. Coal is the chief sourc€ of..... hydrocarbons.
16. The proc€ss used to incaease tbe octale number of 31,

gasoline is c€lled ....

Fill ln The Alanks
17. Gasoline obtaincd by...,. has a higher @ane num-

ber than straight run gasolinc.

lt. An alkeDe is expected !o have a ..... melling point
than the correspoDding alkane due to greater....

19. The boiling poiDls of hydrocarbofl! are lou, bccause
ofwEak ...,. forcqs of attradion.

20. A.... chain alkanc has usually a lo$,er bdling point
than thc conespondiog .... ctrain altarc.

21. Out of isopentanc and nmpcntane, ........... has
bighcr boiling point bccausc of largcr surface arca.

22. Remo/al of H2O from etlryl alcohol is aD erample
of an ...,........ reactioD.

23. Alkancs utrdcrgo .............. reactions whereas
altlTcs giv€......... ..... reactioos.

2.4. .............. ir a vcrsatilc method for locating rhe psi-
tion ofthc double bond in an alkeDe.

25. ......,...... is morc acidic thao ammonia but less acidic
than u,ater.

26. The hydrogen atoms irl acetylene arc .... due to
gfeater ..... orthe carbon atoms.

Bcnzene gives .........-.... reaction like
hydrocarbons.

1, 3-Mig"tioD of a hydroten atom from one
pol).a,alent atom to Ue other witbi[ the same
molecule is called............

The valence atomic orbital on carbon in silver
acetylide is..... bybridircd. (IJ.T 1990)
Addition of water to acct cnic cotrtpounds is
catatlred by..... and.... (IJ.I I99j)

H"
R-C rC-R

Ljodlarcatst)6t (IJ.X1994)

Y
1- Delocalizationofz-electroDs

2. Aromatic mmpouDds
3. Moth repeltent.

4. Alkyl halides in pres€lc€ of metallic sodium
5. Arcnes and alkyl halides in preseDco of anhydrous AlCl3
6. Antlknocking agent.

7. Loc€tion ofdouble bond in aD alkeDe.

M atching Ty p e Q.u e eti o n s
Match the eDtries in column Xwitb thc€ in column y.
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r.(c) L (ct\ t. (b) a. (c) 5. (r)
13. (a) la (a) 15. (b) 16. (a) 17. (a)
TBUgFALSE STATEMENTS

6. (.') 7.(tt\ E. (l) e. (c) 10. (d) 11. (c) 12. (6)

lE. (D) le. ({:) 20. (e)

l. Bbe,2, 2dimethylbutane and 2, 3- dimelhylhula[c 2. False, actylene $ a lioear Dolecule 3. False,

alkyDcs do Dot sho^, geomerrical isomerism 4. fhlse, canoot bc seParated 5. Else, only {woP-orbitals
6. Ttue 7. Falsc, increasqs lhe octane llumber t. Thue 9. Ttue 10. Els€, is obtained from water 8as
ll. ftlse, eveo numbcr ofcarbon atoms l2.Itue 13. False, polrmer of chloro.thene (vinyl chloride)
14 hlse, nitratioD of arenes 15, Tiue 15. Tiue'17. False.

FILL IN THE BLANKS

1. Four 2, f , lO9' - 28' J. carbon charn 4. conlbrmations 5. staggercd, ecliFsed 6. geon'letrical

7. delocalization t canonical or resonatinr sltuctures 9. aromat ic I0. resonanc€ hl brid, Keku le

ll. 1,2; 1,3-and 1.4- dimelhylbcnzenes] t 2. slereoisonrers t3. l 3() A, 1 54 A a;d I 34 A
14. aliphatic 15. aromatic 16. crackin8 or rclornriDg 17. cracking lt. hiSher, Polarizability
19. van der u,aals' 20. branched, straiSht 21, isopenlallc 22. eliunation 23' suhslitution, addition
24. Ozonol,6is 25. acetylene 26. acidic, eleclronegativity 27. substitutioo, saturated 2t' Thutornerisn')

29. rp 3u. IIg2+ salts ano oitrre acios sl. 
RY=c(R

cis- alkcne

I'vIATCHING TYPE AUEI .-, lS

l-2,2-1 j-l.1-6 5-r, f, -+ irrd 7-7

l. Correct reaion. Tlrc Sencral tbrmula ibr
bicycloalkanes in C,,tl2n-r.

3. Conect etplottotion Geometrical isonlerism arises

due to hlndered rotation about single bond (in
cyclrc campounds) and double bonds.

4, Co|rect reason Only the carton atoms of the

double bond in buG2+ne are,rpz-hybridized

5. Conect expkuariotL z-Buteno has rqstricted

rotationabout C = Cbond.

6. Conect re4sorl There are more thao one way itr

which more than three carbon atoms can be

connecled.

It. Correcl eaplanatior,. Dueto + I-effect of I he alkyl

Sroup's, alkylbc[zenes are morc reactive than
benzene and herrce readily undergo further
alkylation to form polyallqlation Products.

Correclion reanon : T'F,e rcirction involves r4r.! -
addition of bromrne, (refer to page l5l34 for ex-
planation).

Coft ec t ossert ion . cir-1, 3-DihydroxycyclohexaDc
exisls in the chair firm.
Coryect rearon: Due to flipping of the ring, (be two
equatorial hydroxyl groups bccoote axial aDd thus
come closer to form H-bonds as shotr/o bclow :

RinS
flipping

#
1

crs-1, &Oihydroxyqclohexafl6
(dbqlJalorlal lor,,)

c/6'1,,Dihydroxycrdohexane
(&xld lc{,,i


