
NCERT Solutions for Class 11 Chemistry Chapter 13 Hydrocarbons 

Question 13.1: How do you account for the formation of ethane during chlorination of methane ? 

Answer 13.1: The methane chlorination process works through a free radical chain mechanism. 

Step 1: Initiation: 

The result begins with the hemolytic cleavage of Cl - Cl bond as: 

Step 2: Propagation: 

Cl-Cl �Cl+ C 

Chlorine free radicals 

In this propagation step, chlorine-free radicals attack methane molecules and the C-H bond collapses to 

form methyl radicals as: 

CH, + Cl�CH, + H-Cl 

Methane 

When these methyl radicals react with other chlorine-free radicals, methyl chloride is formed next to the 

liberation of a chlorine-free radical. 

Step 3: Termination: 

CH
3
+CI-CI -CH

1
-CI + Cl 

Methyl chloride 

. . 

CH
3
Cl+CI--.CH:Cl+HCI 

. . 

CH,Cl+CI-CI--.CH
2
CI, +Cl 

Ethane formation is the result of the termination of the chain reactions resulting from the ingestion of 

reactants as: 

ll,C+C ll,--.11,C-CII, 

(Ethane) 

Through this process, ethane is thus obtained as a by-product of methane chlorination. 

Question 13.2: 

Write the IUPAC names of the following compounds : 

(i) CH3 CH = C (CH3)z

(ii) CH2 = CH - C C - CH3 

(iii) 

(iv) 

(v) 

(vi) 

Qc11. C'II, Cll=CH, 

Cl I, ( Cl 1
2 
), CH ( Cl 1,), CH,
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(vii)

C,H, 

Answer 13.2: 

(i) 

.i l ! I 

H,C-CH=C-CH, 

2-Methylbut-2-ene is the required IUPAC name

(ii) 

CH, 

I ! l 4 ' 

CH, =CH-C■C-CH, 

Pen-1-ene-3-yne is the required IUPAC name 

(iii) 

= 

1, 3-Butadiene or Buta-1,3-diene is the required IUPAC name 

I ! l ◄ 

H,C=CH-CH=CH, 

(iv) 

4-Phenyl but-1-ene is the required IUPAC name

(v) 

2-Methyl phenol is the required IUPAC name 

(vi) 

IO 't I t. � t ' ! t 

C'll,-Cll
1 
-CII, -C'II, -CII, -CII, -CII, -CII, -CII, -CII, 

I 
Cll,-CII-CII, 

I 
CH, 

5-(2-Methylpropyl)-decane is the required IUPAC name 

(vii) 

I• • \ 7 • ' -' :t l I 

CH, -CH• CH-CH_ -CH• CH -CH-CH, -CH -CH, 

I 
C,H, 

4-Ethyldeca-1, 5, 8-triene is the required IUPAC name

Question 13.3: 

Cnr th.a fnllnu,inn /"llnmnn11nrl� u,rit.o �tr111""t11r::al fnrm111::a� ::a nrl II IDAf' n::am.o.� fnr !Ill nn��ihl.o i�nmor� 
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(a) C4H8 (one double bond}

(b} C5H8 (one triple bond} 

Answer 13.3: 

(a) The resulting structural isomers with one double bond are probable for C4H8:

The IUPAC name of 

Compound (1) is But-1-ene, 

Compound (11} is But-2-ene, and 

Compound (111) is 2-Methylprop-1-ene. 

I ! l ,t 
11, C = C 11 -C 11, -C 11, 

(I) 
I ! J -4 

Cll
3

-CH•CH-CH3 

(11) 

I > l 

Cll
2 

=C-Cll
1 

I 
CH, 
(111) 

(b) The subsequent structural isomers are probable for C5H8 with one triple bond:

The IUPAC name of 

Compound (1) is Pent-1-yne, 

Compound (11) is Pent-2-yne, and 

Compound (111) is 3-Methylbut-1-ene. 

Question 13.4: 

I ! I ,4 $ 

H C•C-CH, -Cl l
1

-CH
1 

(1) 
I ! l -4 } 

11, C-C• C-C11, -C11
3 

( 11) 
,4 l � I 

ll
3
C-Cff -C•Cff 

I 

CH
3 

(lll) 

Write IUPAC names of the products obtained by the ozonolysis of the following compounds : 

(i) Pent-2-ene

(ii) 3, 4 - Dimethyl-hept-3-ene

(iii) 2-Ethylbut-1-ene

(iv) 1 - Phenylbut-1-ene

Answer 13.4: 

(i) Ozonolysis of Pent-2-ene is shown as:

CH,-CH•CHi- CH2-CH_, • O, 

Pem-2-ene ! Ozone 

/ 0
""-.. 

H;C CH CII C-11: c-11, 

I I 
0--0 

P�II 2 � O.t:Ontde 
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H1C' C'IIO C'll1-C'll1 -C'IIO 

The following Product IUPAC names are: 

Product (1) ethanel, and 

Product (11) propanal. 

0) (II) 

(ii) Ozonolysis of 3, 4-Dimethylhept-3-ene is shown as:

ll3C O CH, 
\/\I 

CH1-CHi-l ,-CHz-CHz-C'H1 

0-0 

4 3 2 
CH1-CH,-C •0 

. I 
�H1 

(1) 

The product names subsequent to IUPAC are: 

Product (1) butan-2-one, and 

Product (11) Pentan-2-one 

(iii) Ozonolysis of 2-Ethylbut-1-ene is shown as:

The subsequent IUPAC names of the products are: 

Product (1) pentan-3-one, and 

Product (11) methanal 

(iv) Ozonolysis of 1 - Phenylbut-1-ene is shown as

lzn+H,O 
2 J 4 S 

• O•C-CHi-CH2-CH1 
I 
pr,

(II) 

The subsequent IUPAC names of the products are : 

Product (1) benzaldehyde, and 

Product (11) propanal 
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Question 13.5: 

An alkene 'A' on ozonolysis gives a mixture of ethanal and pentan-3- one. Write structure and IUPAC 

name of 'A'. 

Answer 13.5: 

� 
CH1 

41 
CHi 

I 2 JI 
H,C-C•O+CH3-CH,-C 

I - II 
H 0 

rthaonl Pen..,. -J -one 

In the course of ozonolysis, an ozonide is produced as an intermediate that has a cyclic structure; it 

undergoes cleavage to provide the final products. Ethanal and pentan-3-one are obtained from the 

ozonide intermediates. So, the possible ozonide structure will be: 

H \ o_,; CH, -CH, 
,x -:-... / 

r,h.,...,_ 
/�\ / l'--- -Penrru, J one 

H3C 07\0 c-!li C'lli 

Oron,de 

This ozonide is produced by adding ozone to 'A' as a transitional product that forms final products 

undergoing cleavage. The preferred 'A' arrangement may be obtained by removing ozone from the 

ozonide. Therefore 'A "s structural formula is: 

' : ' ... � 
H,C-CH =C-CH,-CH, 

I 
CH, -CH, 

As an outcome, 'A' is 3-Ethylpent-2-ene is the IUPAC name of alkene. 

Question 13.6: 

An alkene 'A' contains three C - C, eight C - H o bonds and one C - C TI bond. 'A' on ozonolysis gives 

two moles of an aldehyde of molar mass 44 u. Write IUPAC name of 'A'. 

Answer 13.6: 

From the information given it gives two moles of an aldehyde of molar mass 44 u when 'A' undergoes 

ozonolysis. The formation of an aldehyde's two moles suggests that the presence of similar structural 

units on both sides of the C-C y bond is present. Consequently, the ' A' structure can be represented as 

shown below: 

We know, xc = ex

Because there are eight C - H o bonds, 8 hydrogen atoms are present in' A. 'There are also three C - C 

bonds, so the 'A' structure contains four carbon atoms. 

The combination of all these inferences can represent the structure of' A' as shown below: 

fl H 

I I 
11-c-r = r- c -11

I I I I 
II II II II 

IA) 

Since, 'A' has 3 C-C bonds, 8 C-H a bonds, and one C-C n bond. 

Therefore, the IUPAC name of 'A' is But-2-ene. 

After Ozonolysis of 'A' takes place, 

The end product is ethanol with molecular weight = 44 u 
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Question 13.7: 

H,c-c· r cu, 

I I o-o
! .ln+HzO 

2C'H;CHO 
Elhanal 

Propanal and pentan-3-one are the ozonolysis products of an alkene? What is the structural formula of 

the alkene? 

Answer 13.7: 

From the given information, the two ozonolysis products of an alkene are pentan-3-one and propanal. 

Suppose the alkene given is A. The reverse of the ozonolysis reaction is what we get, 

H,C-CHrC'IIO + C'l1,-C'Hz-C-CHz-C'II, 
Propanal ! 

j7n+H,O Peman-J-one 
·x·

Q,on,dc 

The products obtained by ozonide cleavage, let it be' X. 'Since' X 'contains both products in cyclic form, 
the possible ozonide structure may be represented as shown below: 

li3C - H,C \ 0 / CH2 CH; 
. "-1. :-- I 

I�\ if "-w, c113 
H oho

Because' X ' is an additional component of the ozone alkene' A. 'Therefore, the potential structure of the 
given 'A' alkene will be: 

Question 13.8: 

ll
3
C-Cll,-C11 =C-Cll,-Cll

l 

I 
CH,CH, 

Write chemical equations for the combustion reaction of the following hydrocarbons: 

(i) Butane, (ii) Pentene, (iii) Hexyne, (iv) Toluene

Answer 13.8: 

Combustion reactions may be defined as an oxygen or oxygen reaction of a compound. 

Question 13. 9: 

(i) 2C,ll111,l + IJO-:4,l-8CO:t,J + 10112OM + Ilea!
Butane

(ii) 2C,lt,O(,I + 15O�_,-1oco,,., +I0IIP
i
,1 + 1 leal

Pentcne
(iii) 2C.H,a<,t + 170, 1•1 -12co,w + 101-1204

, 1 + Heat
Hei.}ne

CH1 

(iv>A 
U +9Ozc,1--+7CO24,1 +411Pw+llea1

Hex-2-ene is represented as shown below: 

Draw the cis and trans structures of hex-2-ene. Which isomer will have higher b.p. and why? 

Answer 13. 9: 
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Geometrical isomers of hex-2-ene are as follows: 

ft,C CHz-CH, 
'\ / 
;-c

'-.. 
fl Ii 

Cu-150ffler r rans - 1.so1DCf 

A cis-compound's dipole moment is equal to the sum of the C - CH3 bond's dipole moments, and the C -

CH2CH3 bonds that both act in the same direction. 

On the other hand, a trans-compound dipole moment is the result of the dipole moments of C - CH3 

bonds and C - CH2CH3 bonds both acting in opposite directions 

As cis-isomer is polar than trans-isomer. Thus, the higher the polarity, the greater the intermolecular 

dipole-dipole interaction and the need for more heat to break the bonds. The boiling will be higher, 

therefore. 

Therefore, cis-isomer of a compound will have a higher boiling point than trans-isomer of that compound. 

Question 13.1 O: 

Why is benzene extra ordinarily stable though it contains three double bonds? 

Answer 13.1 O: 

Benzene is a hybrid of the resonating structures and it is shown as: 

0-0=© 
All six carbon atoms in benzene are hybridized to sp2.ln benzene, each carbon atom's two sp2 hybrid 

orbital overlaps with its adjacent carbon atoms ' sp2 hybrid orbital, forming a six-sigma bond in the 

hexagonal plane. The remaining hybrid orbital sp2 on each carbon atom overlaps with the hydrogen 

atom's s-orbital to form six sigma C - H bonds. Now, the rest are unhybridized p-orbital of carbon atoms 

will have the possibility of forming three C-C TI bonds by the lateral overlap of 

C,-C,.C, C,.C,-C., orC,-C,.C,-C,,C.-C, 

These six TI-bonds are delocalized and can move about the six-carbon nuclei freely. Therefore, due to the 

delocalization of these TI-bonds, benzene is stabilized even after the presence of three C-C TI -bonds. 

Question 13.11: 

What are the necessary conditions for any system to be aromatic? 

Answer 13.11: 

The essential conditions for any aromatic system are as follows: 

(i) Firstly, the compound arrangement or structure should be planar. 

(ii) The n-electrons are completely delocalized in the ring of a compound 

(iii) The sum of n-electrons in the ring of a compound must be equal to (4n + 2), 

Where n = 0, 1, 2, ..... and so on. This rule is called Huckel's rule. 
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Question 1 ;:s.1 .:!: 1:.xp1am wny me ro11owmg systems are not aromauc·r 

(i) 

(ii) 

(iii) 

Answer 13.12: 

Question 13.13: 

0 

0 

Due to the presence of a sp3-hybridized carbon, the system is not 

planar. It does contain six n-electrons but the system is not fully conjugated since all the six n-electrons do 

not form a single cyclic electron cloud which surrounds all the atoms of the ring. Therefore, it is not an 

aromatic compound. 

(ii) 

sp
.,

�bon 

Due to the presence of a sp3 �arbon, the system is not planar Further,it contains only four n-electrons, 

therefore, the system is not aromatic because it does not contain planar cyclic cloud having (4n + 2) n­

electrons. 

(iii) 

0 
Planar Tub shaped 

Cyclo-octatetraene is not planar but is tub shaped. It is, therefore, a non-planar system having 8 n-electrons. 

Therefore, the molecule is not aromatic since it does not contain a planar cyclic cloud having (4n + 2) n­

electrons. 

How will you convert benzene into: 

(i) p - nitrobromobenzene

(ii) m-nitrochlorobenzene

(iii) p -nitrotoluene

(iv) acetophenone

Answer 13.13: 

(i) Benzene converted to p - nitrobromobenzene

Br 

@ + Bri Anli>d Fdh, 6 
Orocnob�tu.ene 

!Cone H,o, - C'o11c HzSO,1 

l2J-JH t-

8: Br 

¢ +6-NO: 

u - muob1omobe:nz�ni: 
�o,

p • mtrobromobenzenc 

l Frnclloool dif>rillotioo 

B, 

,, • mtrobromobc."f17Cfle 
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(ii) Benzene converted to m-nitrochlorobenzene

� , Cone H�O; + Cone H�S<>4 V 

! HJ-JJJ K 

niU00<.'f\74'nC 

! Cl:. •nhyd. AICl3 

NO, 

&Cl 

m • d1l0<01111robenze-ne 

(iii) Benzene converted to p -nitrotoluene

n,, 

� 
Anh,d. AICl1 � • Hrl 

V+CH,CI --- U ' 
Toulene l Cuo>< H,o, - Cunr Hi SO, 

323-JJI,. ¢1\01 
&

CH, 
I\O: 

+ ,, I 
,._

o - mtrotOUk'1lC 
CH., 

p • nnrotoulene 

! Fr0<rionol disullntion 

Cll3 

p • nltrat0ulcnc 

(iv) Benzene converted to acetophenone

Question 13.14: 

In the alkane H3C- CH2 - C(CH3)2 - CH2 - CH(CH3)2, identify 1 ° ,2° ,3° carbon atoms and give the 

number of H atoms bonded to each one of these. 

Answer 13.14: 

,. 

H II CH, H 11 
I, I, 1

3 
l.r I,,

11-r-c�-r-<-r-11
I I I I I 
II II II II II 

Primary carbon atoms (1 °): Carbon atoms bonded to a single atom of carbon are called primary atoms of 

carbon. The arrangement given has corresponding five 1 o carbon atoms and fifteen H atoms. 

Secondary carbon atoms (2°): The secondary carbon atom is called carbon atom bonded to double 

carbon atom. The arrangement given has two corresponding 2o carbon atoms, and four H atoms. 

Tertiary carbon atoms (3°): The term tertiary carbon atom is used to refer to carbon atoms bonded to a 

single atom. The arrangement given has one corresponding 3 degree carbon atom and single H atom. 

Question 13.15: 

What effect does branching of an alkane chain has on its boiling point? 

Answer 13.15: 

Alkanes encounter Van-der Waals forces between molecules. The higher the alkane's power, the greater 
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As the molecule branching increases, the surface area decreases which leads to a small contact area. As 

a result, the force of the Van-der Waals (or intermolecular force) decreases too. Those forces can be 

overcome very easily at a relatively lower temperature. Thus, the boiling point of an alkane chain 

decreases as branching increases. 

Question 13.16: 

Addition of HBr to propene yields 2-bromopropane, while in the presence of benzoyl peroxide, the same 

reaction yields 1-bromopropane. Explain and give mechanism. 

Answer 13.16: 

The addition of HBr to propene is an example of an electrophilic substitution reaction. 

Being an acid, the hydrogen bromide provides an electrophile, H+. This electrophile attacks the propene 

double bond to form carbocations of 1 ° and 2 °, as shown below: 

lhC -n•:- r112 t Br

{t..e..-.sl.lble) 
pnm:iry nrboc.1.tton 

. -
H,C -CH-<"ll1 I Br 

(\IC)(e Slable) 
second.1ry carl>ocanon 

Secondary carbocations are stable in comparison with primary carbocations. The secondary 

carbocations therefore predominate, as they form at a faster rate than primary carbocations. Thus, Br­

attacks the primary carbocation to form 2-bromopropane as the main product in the next step . 

..----

H,C-CH-Ctt,•Br -Cll3-CH-Cll1 

Br 

2 Brnmopropane 

This reaction follows the rule of Markovnikov, in which the negative part of the addendum is attached to 

the carbon atom with fewer hydrogen atoms than other carbon atoms present in the compound. 

While, in the presence of benzoyl peroxide, an addition reaction takes place anti to Markovnikov's rule. 

The reaction follows a free radical chain mechanism as shown below: 

c<J1)-c-o-o-c-ct,H) 

II II 
0 0 

Homol)-"4;,c. 

Cll,-CII = CH,+Br 

! I k>:noly,,s 

Ctt,-Ctt-CHJ 

Br 
(Less s!able 

pnmary f,... radial) 

CH1-CH-CH:-llr 
l�k>re Sl>ble 

><rondary f= radical) 

Secondary free radicals are stable in comparison with primary radicals. The secondary radical therefore 

predominates, for it forms at a faster rate than the primary radical. Therefore 1 - bromopropane is 

obtained as the main product. 

Cll3-C'II -CHzllr + H-Br 

b,H,-CH2-CH2Br+Br 
I - llromop""'°"o 

IIIOj()r product 
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How would you convert the following compounds into benzene? 

(i) Ethyne (ii) Ethene (iii) Hexane

Answer 13.20: 

(i)Benzene from Ethyne:

(ii)Benzene from Ethene:

(iii) Hexane to Benzene

Question 13.21: 

-Red_bo,_Fe- � 
JCH::Cll 

Ved1yne 873 K 
Be,uene 

Br1/ro, 
CH1 = CH2 -�- Br-CH1-CH1-Br 

Elhene 

l 
ale KOii 

(A) 

111c 
\ 

H1C CH1 
I I 

H2C CH1 
\ I 

C'llz 

he.xruie 

CH1 = Cit Br 

l1'a1'111/hq r-111 
196K 

IIC:: CH 

l Redho1 re 
873 K 

Benzene 

Cr:O; 

0Cychzatton 
C'tcloh<:<1ne 

l Aroma11,a11on 

Write structures of all the alkenes which on hydrogenation give 2-methylbutane. 

Answer 13.21: 

The basic structure of 2-methylbutane is shown below: 

On the basis of the above structure, various alkenes that will give 2-methylbutane on hydrogenation are 

shown below: 

(a) 

(b) 

(c) 

Question 13.22: 

. ., ' . 
c-c--c-c 

CH, 

CH,-C =CH-CH, 

Arrange the following set of compounds in order of their increasing relative reactivity with 
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