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HaloalkRanes and

Haloarenes

C Fastracl« Revisionj

» Whenahydrogen attached to a carbon atominthe aliphatic
hydrocarbons is replaced by a halogen atom (/.e. F, Cl, Br, 1),
then the compounds formed are called haloalkanes while
in benzene ring, they are called haloarenes.

> Classificatlon of Haloalkanes and Haloarenes

> On the basis of number of halogen atoms present,
halogen derlvatives are classifled as mono, di, tri,
tetra, etc. halogen derivatives e.g.,

" CH,—X
CH,—X
C,H X CH,—X
H,—X |
CH,—X

Monohaloalkane  Monohalgarene Dihaloalkane  Trlhaloalkane

(where, X = halogen atom)

» On the basls of the nature of carbon to which halogen
atom s attached, halogen derlvatives are classified as
1°,2°, 3% allylic, benzylic, vinylic and aryl derivatives, e.g.

| I I
R ';T;x R"—(lf.k?{ R"—C—X
H H Rn!
Primary (19 Secondary (27) Tertlory (39
X
CH,X

Allyllic halldes (halogen Is bonded
to allylc carbon)

OO o0

Benzylic Vinylic Aryl
hallde hallde holidas
» General Methods of Preparation of Haloalkanes and
Haloarenes
> From Alcohals: (Lucas Reagent)
HCl + Anhy. ZnCl,

» R—X+H,0 (X=ClBr,1)
(Groove's process)
NoBr + H,50, . P
Reflun > R—Bre Hzo
P > 3R—X + H,PO, (X = C, B
R—OH — PCl, R !
» R—Cl + POCI, + HCl
s0cl, » R—Cl + SO, + HCl
» R—C| + +
Pyridine (Doreen pl‘CZ)CESS)
Rad P/X, -
X, @ Bry/l) =R

The reactivity order of halogen aclds Is HI > HBr > HCL,

> From Alkanes:

cl,/uv Ught

CH,CH, CH, CH, ———— CH,CH,CH, CH,Cl+ CH,CH,CHCICH,

mButylchloride  sec. Bulyl chloride
(minor) (major)
> Addition of Hydrogen Halides on Alkenes:
Benzoyl chloride

R—CH — SH, + HBr » R—CH,—CH,—8r

Antl Martovnikov

rule
R—GHasCH, + HX — 0¥, . el e
rulo | 3
X
» Finkelstein Reactian:
R—X + Nal ~ACRI00E | b [+ NaX

KX =Cl,Br)
> Swarts Reaction:
H,C—Br + AgF —— H,C—F + AgBr
Hg,F,, CoF, or SbF, can also be used in place of AgF.

> Hunsdlecker Reactlon:

CH,COO0Ag + Br, By, CH,Br + AgBr + CO,T
> By Halogenatlon of Aromatic Hydrocarbon:
cl
FaCly Dork

+ 310-320K + HA

It is an electrophilic substitution reaction.
> By Side Chaln Halogenation:

Hy H,Cl jaal)
28] K
b Sm\l b Sunl\_]h! hunh;m
=HCI el

Bonsairichlarico

» From Benzene Diozonlum Salk:

NH> NoX
NaNO; @ HX
273-278 K

Benzene diazonium salt

NI Sandn;eyer’s
reaction
| Cu]ﬂrzfﬂﬂr CgH;EF " N;;T i
/HCI -
- SWHCL o e HoCle NS
Bangene ¢ 2 |Gattermann's
dlaponiwm soll |
reaction
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» Properties of Haloalkanes and Haloarenes
Physical Properties:
> Haloalkanes are colourless when pure but compounds
of bromine are coloured.
» Haloalkanes have higher B.P. and M.P.
» The density of haloalkanes increases with increase in
carbon atoms and halogen atoms.
> Isomerlc haloarenes have similar bolling polnts but
para isomer have higher melting polnt than other
two.
Chemlcal Properties:
1. Haloalkanes: Reactivity order of haloalkanes is:
Chlorides < Bromldes < lodides
» Nucleophilic Substitution Reaction:
+ KOH (0g.)

» R—OH + KX
+ KCN(alc,) » R—CN + KX
« KNO

2 » R—0—N=0
+ AgNO; > R—NO
R—X = + LIAIH, i

Aligyl halide .

+ NH
1 > R_NHE +H—X

+ NoSH » R—SH -+ NaX
+ NoCe=CH

» R—CrmCH + NaX

» Elimination Reactlon (Dehydrohalogenation):
H

athanol CH3

C 3
I ~
CH, —T—cl FHOH s Ly C=CH, + KCl + H,0
CH.”
CH

A
]

» Reaction with Metals:

RS il DR ol

Dry et
R—X + 2Na + ¥—R —2 5 R—R + 2 NaX
(whurtz reactlon)
» Reductlon:
R—X 2[H] Zn/HCl{conc,) 5 + H—X

2. Haloarenes: Nucleophilic substitution reactions are
very less possible with haloarenes 08 C—X bond attoing
partial double bond character because of resonance
effect, difference in hybridisation, etc.
> Substitution Reactions:

OH

+ MNaOH [
> Phenol
623K, 300 otm
Cex=N
CuCN, DMF -
573K Benzonitrile

NH,

'

A

4 NH; -
Cu0, 475K, 60 otm

Anlline

» Reactions with Metals:

+Na,Ether Diphenyl

(Fittig reaction)

+ Na, CH,—Cl|/Ethar
¥ <§>~CH3 Toluene
cl

(Wurtz Fittlg roaction)

4 M har
O = - MgCl

ngnard reaction)

=i = Dlphenyl

(Utimann reaction)

» Electrophilic Substitution Reactions:
| Cl

cl
+ Cl,/Anhyd. FeCl,

{Chlorinotion)

O

cl
[major)
cl cl cl
NO,
O HNO,(conc.)ﬂ-lJSOd(conr_) =
(Nitration) o N
NO,
(major)
cl cl
SO,H
conc. H.50, _
A Ll hs
{Sulphonation)
SO,H
(major
cl cl
CHJ
+ CH,Q ‘
Anhyd. AlCL "
(Allylaton
CH.
{ml}jo'r\
o cl cl
I COCH,
& CH]—{ —Cl .
Anhyd, AlCl '
(Acowbatlonﬂ

COCH,
{major}
» Polyhalogen Compounds:
> Dichloromethane (CH,Cl,) Is used as propellant In
aerosols, as paint remover. Exposure to higher levels
causes nausea, dizziness.
» The trlhalogen derivatives of methane are called
haloforms, e.g, CHC, (chloroform), CHI, (odoform), etc.
» Chloroform is stored in dark coloured bottles as
In presence of light, it gets converted into highly
poisonous substance, phosgene (COCL,).
» DDTIs 1,1, 1-trichloro-2,2-bls (4-chlorophenyl) ethane
and is used as a powerful insecticide,
> CCl, Is used as a fire extinguisher under the name pyrene.
> Freon-12 (CF,CL) Is used as a refrigerant and for alr
conditionlng purposes.
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& Practice Exercise

_J Multiple Choice Questions \

QL

Q2.

Q3.

Q4.

Qs.

Q6.

Q7.

Q8.

Q9.

The number of possible isomers of compound

CHCL is:

3. 2 b. 4

. 6 d 8

What should be the correct IUPAC name for
diethylbromomethane? (NCERT EXENPLAR)

a. 1-bromo-1. I-diethylmethane

b. 3-bromopentane

c. 1-bromo-1-ethylpropane

d. l-bromopentane

A primary alkyl halide would prefer to undergo:
(NCERT EXENPLAR)

b. 5,2 reaction

d. racemisation

a. S,lreaction
c. a-elimination

The main product of the reaction
alc. KOH

a. propene-l b. butene-2
C. butane d. butyne-1

Which one of the following halides contains

Cmr‘ X bond? (CBSE 2021 Term-1)

a. Allyl halide b. Alkyl hallde

c. Benzyl halide d. Vinyl hallde

Which of the following isomer has the highest

melting point? (CBSESQP 2021 Tarm-1)

a. 12-dichlorobenzene

b. 13-dichlorobenzene

¢. l4-dichlorobenzene

d. All isomers have same melting polnts

Which of the following has highest boiling point?

(CBSE 2021 Term-1)

a. GHg—F b. CHg—Cl

¢. CyHg—Br d. CHg —=I

Which of the following is not correct?

(COSESQP 2023-24)

a. In haloarenes. the electron palrs on halogen
atom are In conjugation with s-electrons of the
ring.

b. The carbon-magneslum bond Is covalent and
non-polar In nature.

c. Durlng Sy reactlon, the carbocation formed In
the slow step belng sp? hybridised Is planar.

d. Out of CHyeee CH—Cland CiH CH,CL CgHyCH,CL
is mare reactive towards Sy reaction.

Reactlon of 1-phenyl-2-chloropropane with

alcoholic KOH gives mainly: (CBSE 2023)
a. lsphenylpropene b. 3-phenylpropene

¢. 1-phenylpropan-3-ol d. 1-phenylpropan-2-ol

Qlo.

QllL

Qla.

Q1a.

Q4.

Q1s.

Q 16.

Which of the following belongs to the class of
alkyl halides? (CBSE2023)

a. CH,==CH—Cl
b. CH, == CH—CH,—CH,—Cl
¢. CH, = CH = CH—CH,
cl
d CH==C—CH,—Cl
The synthesis of alkyl fluoride is best obtained
from: (CBSE2023)
a. free radicals
b. Swartz reaction
c. Sandmeyer reactlon
d. Finkelstein reaction

Which of the following Is a carrect statement for
C,HBr? (CBSE SQP 2021 Termi-1)

a. It reacts with metallic Na to give ethane

b. It gives nitroethane on heating with aqueous
solution of AgNO,

¢. It gives C,H;OH on bolling with alcoholc potash

d. It forms dlethylthloether on heating with
alcahollic KSH

Which reagents are required for one step
conversion of chlorobenzene to toluene?
(CBSESQP 2021 Term-1)

a. CH,CL/ AlC b. CH,CL Na. Dry ether
C. CHyCUFe dark  d.NaNO,/ HCU/O-5°C
Which of the following belongs to the class of

vinyl halides? (CBSE2023)

a. CH, == CHCH,CH,C

b. CH,w= C—CH,

b

€. CH,ess CH—CH,—Br

d. CH === C—Br

Which of the following reactlons are feasible?
(CBSE2023)

8. CHyCH,Br + Na* O —C (CHy)y w-eom
CHyCH,— 0 —C (CH,),
b. (CH3) € —Cl+ Na* O —CH,CHg ~—»
CHCH, —0—L.(CHs)5
c. Botha andb.
d. Nelther a. nar b.
Consider the following reactlon:

1. HBr
CHy—CH=CH, .47, KO

The major end product is: (CBSE 2021 Tarm-1)

L

L L o s s o



Q1.

Q18.

Q19.

Q 20.

Q2L

Qa2

Q23

Q 24.
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3. CHy—CH—CH,

OH
b. EHa—ll‘.H—CHH

Br

¢ CH;—CH,—CH,—O0H

d CH;—CH,—CH, —Br

The reaction of toluene with CL, in presence

of FeCly gives ‘X" while the toluene with Cl, in

presence of light gives'Y. Thus ‘X and 'Y are:
(CBSESQP 2021 Torm-1)

a. X=benzyl chloride Y= 0 and p-chloratoluene

b. X=m-chlorotoluene Y= p-chlorotoluene

¢ X=oand p-chlorotoluene Y= trichloromethylbenzene

d. X=benzyl chloride. Y = m-chlorotoluene

Chlorobenzene is formed by reaction of chlorine

with benzene in the presence of ALCL,. Which of the

following species attacks the benzene ring in this

reaction? (NCERT EXEMPLAR)

a. - b c AlCl;  d. (AlC)”

Reaction of chlorobenzene with NH, in the

presence of cuprous oxide, gives:

2. phenol b. anlline

c benzene d. benzoic acid

The conversion of an alkyl halide into an alkene by

alcoholic KOH is classified as: (CDSE 2023)

a. asubstitution reactlon

b. an addition reaction

c adehydrohalogenation reactlon

d. adehydration reaction.

Which one of the following compounds is more

reactive towards Snl reaction? (CBSESQP2022-23)

a. (H, === CHCH,Br b. CHgCH.Br

¢ CgHgCH(CgHg)Br d. CHLCH(CH,)Br

Inversion of configuration occurs in:  (C8SE2023)

a. 5,2 reactlon

b. 5, reactlon

c Nelther S,2 nar 5,1 reaction

d. 5,1 as well as 5,2 reactlon.

Conslder the following compounds:

Oy amal s

| Il il

The correct order of reactivity towards 5,2 reaction.
(COSE2021 Torm-1)

b.il>1>1

c l=1=10 dil=1>1

Major product aobtained on reaction of 3-phenyl

propene with HBr in presence of organic peroxide

is: (CBSE SQP 2021 Tarm-1)

3-phenyl-l-bromopropane

I-phenyl-3-bromopropane

I-phenyl-2-bromopropane

3-phenyl-2-bromopropane

a I>ll>1l

e now

Q 25.

Q 26.

Q2.

Q28.

Q29.

Q 30.

Molecules whose mirror image Is non-
superimposable over them are known as chiral.
Which of the following molecules is chiral in
nature? (NCERT EXEMPLAR)
3. Z-bromobutane  b.1-bromobutane

c. 2-bromopropane d.2-bromopropan-2-ol
Complete the following analagy:

Same molecular formula but different structures:

A :: Non-superimposable mirrar images: B
(CBSESQP 2021 Term-1)

a. A:lsomers. B: Enantiomer

b. A:Enantiomers. B: Racemic mixture

c A:Stereolsomers, B: Retention

d. A:lsomers, B: Stereolsomers

Enantlomers differ only In:
a. boiling point

b. rotation of polarised lUght
c. melting point

d. solubillity

On oxidation chloroform gives or chloroform gets
slowly oxidized by air In the presence of sunlight
to give:

a. phosgene

b. formic acid

c. carbon tetrachloride

d. chloroplcrin

Auto oxidation of chloroform in air and sunlight
produces a polsonous gas known as:  (CBSE2023)
a. tear gas b. mustard gas
¢. phosgene gas d. chlorine gas

(CBSE 2021 Term-1)

lodoform test Is not given by:
a. ethanol b. benzophenone
c. ethanal d. acetophenone

-{) Assertion & Reason Type Questions N

Directions (Q, Nos. 31-41): Each of the following questions
consists of two statements, one [s Assertion (A) and the other s

Reason (R). Glve answer:

Q3L

Q32.

Q33.

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion (A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) Is not a correct explanation of Agsertion (A).

¢. Assertion (A) Is true but Reason (R) Is false.

d. Assertion (A) is false but Reason (R) Is true.

Assertion (A): Chlorobenzene s less reactive

towards nucleophilic substitution reaction.

Reason (R): Nitro group in chlorobenzene increases

its reactivity towards nucleophillc substitution

reaction. (CBSE2021 Term-1)

Assertion (A): Chlorobenzene is resistant to
nucleophilic  substitution reactlon at room
temperature.

Reason (R): C—Cl bond gets weaker due to
resonance. (CBSE2023)

Assertion (A): Alkyl halldes are insoluble in water.
Reason (R): Alkyl halides have halogen attached to
sp? hybrid carban. (CBSESQP 2021 Term-1)
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Q 34. Assertion (A): It is difficult to replace chlorine by
— OH in chlorobenzene in comparison to that in
chloroethane.

Reason (R): Chlarine-carbon (C—Cl) bond in
chlorobenzene has a partial double bond character
due to resonance. (NCERT EXEMPLAR)

Q 35. Assertion (A): The boiling points of alkyl halides
decrease in the order: Rl > RBr > RClL > RF.

Reason (R): The boiling points of alkyl chlorides,
bromides and iodides are considerably higher than
that of the hydrocarbon of comparable molecular
mass. (NCERT EXEMPLAR)

Q 36. Assertion (A): KCN reacts with methyl chloride to
give methyl isocyanide.

Reason (R): CN™ is an ambident nucleophile.
(NCERY EXEMPLAR)

Q37. Assertion (A): Nucleophilic substitution of
iodoethane is easier than chloroethane.

Reason (R): Bond enthalpy of C—1 bond s less than
that of C—Cl bond. (CBSE2023)

Q 38.

Q 39.

Q40.

Assertion (A): tert-Butyl bromide undergoes Wurtz
reaction to give 2, 2, 3, 3-tetramethylbutane.
Reason (R): In Wurtz reaction, alkyl halides react
with sodium in dry ether to give hydrocarbon
containing double the number of carbon atoms
present in the halide. (NCERT EXEMPLAR)
Assertion (A): Presence of a nitro graup at ortho or
para position increases the reactlvity of haloarenes
towards nucleophilic substitution.
Reason (R): Nitro group, being an electron
withdrawing group decreases the electron density
over the benzene ring. (NCERT EXEMPLAR)
Assertion (A): In  monohaloarenes, further
electrophilic substitution occurs at orthe and para
positions.
Reason (R): Halogen atom is a ring deactivator.
(NCERT EXEMPLAR)

Q4l. Assertion (A): Aryl iodides can be prepared by

reaction of arenes with iodine in the presence of an

oxidising agent.

Reason (R): Oxidising agent oxidises I, into HI.
(NCERT EXEMPLAR)

| Answers \
v

1. (b)4
Passible isomers are:

CHy —CH, —CHC,
CHy—CCl,— CH,
CHy —CHO —CH,Cl 1. 2 - dichloropropane

CICH, — CH, —CH, 0 1. 3 - dichloropropane

(b) 3-bromaopentane
(b) 52 reaction

1.1- dichloropropane

2. 2 - dichloropropane

W

Higher the number of alkyl groups attached to carbon
atom of the C— X bond, more Is the steric hindrance
and consequently lesser Is the reactivity of the alkyl
halide towards S,2 reactions.

4. (b) Butene-2

CH;CHBrCH, —CH, L CH,CH == CHCH,
KOH tene-2
It s an example of elmination reaction.
5. (d) Vinyl halide
Vinyl hallde and aryl halide contalns C;2— X bond.
6. (c) 1. 4-dichlorobenzene.
14-dichlorobenzene is a para lsomer and para
isomers are more symmetric than ortho and meto
lsomers. Hence. it has highest melting point.
7. (d) C,H—1
For the same alkyl group, the bolling polnts of alkyl
halldes decrease In the order Rl > RBr > RCL > RF.
Thus, C,Hy -1 has the highest bolling polnt.

B. (b) The carbon-magnesium bond Is covalent and
nan-polar In nature.

9.

10

12.

13.

14,

15.

(a) 1-phenylpropene

. (d) The compounds that contaln a halogen
atom bonded to a spl-hybridised carbon
atom of an alkyl group are alkyl halldes. In
CH we C — CH, — CL the halogen atom (Cl) is
attached to a sp3-hybridised carbon atom of an
alkyl group making it an alkyl halide.

(b) Swartz reaction ig the best way to prepare alkyl
fluoride in which Inorganic fluorides like sllver
fluoride or antimany trifluorides are used with a
carrespanding alkyl halide.

(b) It gives nitroethane on heating with aqueous
solution of AgNO,,

C,H:Br reacts with metallic Na to glve butane.
C,HgBr glves ethane on bolling with alcoholic
potash.

C,H:Br forms C,H,SH (thlal) on heating with
alcohollc KSH.

(b) CH,CL Na, Dry ether

cl CH

othnr

+Na+ CH3Cl ey
Chlorobenzens Toluene

Br
(8) The reactivity of primary halldes Is In the order.
—CH;>CH,CHy - >CH,CH,CH,—and the tendency
of alkyl halides to undergo elmination s
3" » 2° < V. Hence, for better yleld, the alkyl
hallde should be primary and alkoxide should be
secondary or tertlary.
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16.

17.

18.
19.

20.

21,

22.
23,
24,

25,
26.
27.
28,
29.

30.
31

J2.

33,

CHyCH = CHz__.iBf_, CH4CH, CH,Br —22KH

CH,CH,CH,0H
(c) X= 0-and p-chloratoluene.

Y trichloromethylbenzene
The reaction of toluene with Cl, in presence of
FeCl, gives ‘X' due to electrophilic substitution
reaction taking place at ortho and para positions
and reaction in the presence of light gives 'Y’
due to substitution reaction occurring via free
radical mechanism. Thus, ‘X" and 'Y" are o -and
p-chlorotoluene and trichloromethyl benzene
respectively.

(b) CL
(b) anlline
( NH,
2 +2NH, + Cu,0—> 2 +Cu, QL + H,0
Chlarobenzene Aniline

(c) Alkyl halides (R — X) on heating with alcoholic
patash (KOH) dissolved in alcohol eliminate one
molecule of halogen acid to form alkenes. This
reaction is known Is dehydrohalogenation reaction.
(c) CeHGCH(C Hg)Br
CHsCH(CH;)* carbocation formed in this compound
is mare stable as compared to other campounds so.
it Is mare reactive towards 5,1 reaction.
(a) 5,2 reaction
(b) 1= 11 = 1
(b) 1-phenyl-3-bromopropane.

It Is an anti-Markovnikov addition reaction.

Or[yJa?i(
(CgHg) CH,CH == CH, + HBr 222540, (CHy)
CH,CH,CH, Br
(a) 2-bromobutane
(a) A: lsamers B; Enantiomer
(b) Rotation of polarised light
(a) Phosgene

(c) When chloroform reacts with alr and sunlight, It
produces a toxic gas known as phosgene gas along
with hydrochloric acid.

(b) benzophenane

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

(b) The electran palr an chlarine atom s In conjugation
with the electrons of the benzene ring. This results
in delocalisation of the electrons of C — Cl bond
and a partial double bond character develop In the
bond which makes It difffcult for the nucleophlle
to cleave the C—Cl bond. Hence. assertion Is true
but reason Is false.

(b) Both Assertion (A) and Reason (R) are true but
Reagon (R) Ie not the correct explanation of
Assertion (A).

34,

35.

36.

37.

3s.

39.

41,

(a) Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of the
Assertion (A).

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

(d) Assertion (A) Is false because KCN reacts with
methyl chloride to glve methyl cyanide as the
main product along with a small amount of
methyl isocyanide.

(a) In lodoethane. there Is bonding between the
s orbital and 3p arbitals whereas in chloroethane.
the bonding is in between 2p and 3p orbital
The bonding between 2p and 3p orbltal Is more
effective than s and 3p orbital Since. there is
less bond energy In the C — 1 bond than In the
C — Cl bond. therefore it is easier to break the
C —1 bond in iodoethane and hence easler Is the
nucleophllic substitution.

So, both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion
(A).

(a) Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of the
Assertion (A).

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

(b) Halogen belng more electronegative acts as
ring deactivator as it dominates-l effect over
+m. However, lone palrs on halogen delocallses
in the ring which enable further electrophilic
substitution at ortho and para positions. Thus,
assertlon and reason both are true and reason Is
the correct explanation of assertion.

(c) Aryl lodide can be prepared by the reactlon of
arenes with lodine In the presence of an axldising
agent. 5o, assertion is true.

Also. HI convert Inta |, by the oxldising agent such
as HIO, although HI can convert aryl halides into
arenes.

-¢) Case Study Based Questions \)
Case Study 1

Substitution reactions involve the replacement of
one atom or group (X) by another (Y ):
RX+Y—3 RY+X

The halogenation of alkanes is a substitution
reaction, in which a hydrogen atom is replaced by
a halogen atom (X = H, ¥ = halogen).

Reactions of this type proceed by radical-chain
mechanisms in which the bonds are broken
and formed by atoms or radicals as reactive
intermediates. This mode of bond-breaking, in
which one electron goes with R and the other with
X, 18 called homolytic bond cleavage:

L
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RX+Y*"—s X*+R:Y
(a homolytic substitution reaction)

There are a large number of reactions, usually
occurring in solution, that do not involve atoms
or radicals but rather involve ions. They occur
by heterolytic cleavage as opposed to homolytic
cleavage of electron-pair bonds. In heterolytic
bond cleavage, the electron pair can be considered
to go with one or the other of the group R and
X when the bond is broken. As one example, Y
is a group such that it has an unshared electron
pair and also is a negative ion. A heterolytic
substitution reaction in which the R : X bonding
pair goes with X would lead to RY and : X*.

R:X+.Y > X+R:Y
(a heterolytic subslitution reaction.)

Substitution reactions can proceed by ionic or
polar mechanism in which the bonds cleave
heterolytically elimination reactions that result in
the formation of carbon-carbon multiple bonds:

0 |

Y

1 i /—* H—C—C—Xﬁ: Substitution
H—C—C—X " | /l
i l :YU
C—C=—+HY
/

+ X : Elimination
These reactions often are influenced profoundly
by seemingly minor variations in the structure of
the reactants, in the solvent, or in the temperature.
Read the given passage carefully and give the
answer of the following questions.

Q1 In a nucleophilic substitution reaction, the
least reactive compound Is:

a. CHyCH,CL b. (CH,);CCL
¢ CHy == CHCI d. CHy == CHCH,CL
CHy

I
Q2. CHZAT._(:HZ)(, on treatment with a

CHy
Nu

nucleophile gives CHs'_T""CHZCHs- In

Nu
which condition, the product yleld will be
maximum?
a. CCl, as a solvent. X = Cl
b. H,0 as a solvent. X = Cl
c. CCl, as asolvent, X |
d. H,0 as a solvent. X = |
Q 3. n-butane on monobromination glves three
isomers. The product obtained when the major
manobromo product is heated with alc. KOH

will be:
a. but-1-ene b. but-2-ene
c. 2-ethoxybutane d. butan-2-ol

Q 4. Reaction of tert-butyl bromide with aqueous
sodium hydroxide follows:
a. 5,1 mechanism
b. 5,2 mechanism

¢ Any of the above two depending upon
temperature of reaction

d. €, mechanism

W N -

Case

®

J| Answers l|
(c) CHy==CHCl

(d) H,0 as a solvent. X = |

(b)
(a) Sy,1mechanism

but-2-ene

Study 2

The substitution reaction of alkyl halide mainly
occurs by Syl or S 2 mechanism. Whatever
mechanism alkyl halides follow for the
substitution reaction to occur, the polarity of
the carbon halogen bond is responsible for these
substitution reactions. The rate of S1 reactions
are governed by the stability of carbocation
whereas for 8,2 reactions steric factor is the
deciding factor. If the starting material is a chiral
compound, we may end up with an inverted
product or racemic mixture depending upon the
type of mechanism followed by alkyl halide.
Cleavage of ethers with HI is also governed by
steric factor and stability of carbocation, which
indicates that in organic chemistry, these two
major factors help us in deciding the kind of
product formed.

Read the given passage carefully and give the
answer of the following questions:  (CBSE 2020)

Q 1. Predict the stereochemistry of the product
formed if an optically active alkyl hallde
undergoes substitution reaction by Sy 1
mechanism.

Q 2. Name the instrument used for measuring the
angle by which the plane polarised light is
rotated.

Q 3. Predict the major praduct formed when
2-bromopentane reacts with alcoholic KOH.

Q 4. Write the structures of the products formed
when anlsole is treated with HI.

. P ——— .
o | Answers | *

G- TP
T Syl /s shown by 3° alkyl halides. S,2 Is shown by 1°
( alkly halldes.

During 5,1 reactlans. optically active alkyl halides glve
racemic products.

2.

A polarimeter is used for measuring the angle by
which the plane polarised Ught Is rotated.

L
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3. Pent-Z-ene.

Br
Ale KOH
CH3CHCH,CH,CHy e CHyCH=CHCH,CHy
ngQngaon Pant-2-cRe

4. CH,l and C¢H;OH are the products formed.
Case Study 3

The polarity of C—X bond of alkyl halides is
responsible for their nucleophilic substitution,
elimination and their reaction with metal
atoms to form organometallic compounds.
Alkyl halides are prepared by the free radical
halogenation of alkanes, addition of halogen
acids to alkenes, replacement of —OH group
of alcohols with halogens using phosphorus
halides, thionyl chloride or halogen acids.
Aryl halides are prepared by electrophilic
substitution of arenes. Nucleophilic
substitution reactions are categorised into
Syl and Sy 2 on the basis of their kinetic
propertics. Chirality has a profound role in
understanding the Syl and S 2 mechanism.

Read the given passage carefully and give the
answer of the following questions:  (CBSE2023)
Q 1. What happens when bromobenzene is treated

with Mg in the presence of dry ether?

Q 2. Which compound in each of the following palrs
will react faster in S, 1 reaction with OH~7

(1) CH,=CH—CH,—Cl
or CHy—CH,—CH.—Cl
(1) (CH);C—Cl or CH,CL
Q 3. Write the equations for the preparation of
1-lodobutane from:
() 1-chlorobutane and
OR
Write the structure of the major products in

each of the following reactions:
Ethanaol
(l) cHl ~'—‘CH --—«-CH + KOH T hﬁfl!

(Il) but-1-ene.

>

Br

Tl

Anhyd. AICl,
(I + CH;COCL iy
- (COSE 2023)

l A I o
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1. When bromabenzene is treated with Mg in the

presence of dry ether. phenylmagnesium bromide is
formed.

(I) CH, e CH — CH, — Cl will react faster because
allylic haldes show high reactivity towards the
Syl reaction

QL

Ans.

Q2.

Ans.

Qa.

(i) (CH3); € — CL will react faster because the rate
of reaction depends only on the concentration
of alkyl halide and not on the cancentration
of hydroxide ion. Greater the stabllity of
carbocation, greater will be its ease of formation
from alkyl halide and faster will be the rate of
reactlon.

() Preparation of 1-lodobutane from 1-chlorobutane:
It occurs In the presence of dry acetone

(Finkelsteln reaction).

CH,CH,CH,CH,CL+ Nal =20

CH4CH,CH,CH, | + NaCl

(i) Preparation of l-lodobutane from but-l-ene:

It occurs by using peroxide [Anti-Markovnikov's
addition)

CH;3CH,CH == CH, + HBr —5—————> CH;CH,CH,CH,Br

Peruxlde
Nal,
dry acetone
v
CH3CH,CH,CH,|

LB Ethanol
()CH —%H—CH KGI—I—>CH2 e (H— CHy

(Major product)

& +KBr + H,0
8
Anhyd. AlCL,
(i) + CH,Co0l————2
Cl
COCH,
+ HCl

{Major product)

%? Very Short Answer Type Questions N

Write IUPAC name of: CHz;—CH mm C[—Cli-l— CH;

CHy Br

1 2 3 4 5
CHy=wCH= ﬁ~ CIH- w CHy 1 4-Brome-3-methylpent-2-ene

CH, Br

Write the IUPAC name of the compound:
CH; —C=C—CHCICH;

12 3 4 5
CHB—C:C—%H—CHB

cl
4-Chloropent-2-yne

X
Out of@ and O/ , Which is an example

of allylic hallde? (CBSE2017)

L
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Ans.

Qa.

Ans.

Q5.

Ans.

G- TiP:
When alkyl groups are attached to o carbon atom at its
centre, its name Includes ‘Neo.

ts an example of allylic halde.

CHCl, CH,CH,CL
Out of O/ andU ;

which Is an example of a benzylic halide?
(CBSE2017)

CH,CH,C
Is an example of a benzylic hallde.

Among the isomers of pentane (C;H,,), write the

one which on photochemical chlorination ylelds a

single monochloride. (CBSE2017)
I

Neopentane. CHB“T_CHB as all the hydrogen atoms

CH,
are equivalent and replacement of any hydrogen atom
will give the same product
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Q6.

Ans.

Ans.

Q8.

Ans.

Q9.

Ans.

Complete the following reaction sequence:

RS, g
RX—CM,  RCN - —H,RCH,NH,
nlkvl._;yanide alikylamine
.B.
Q7. Complete the following chemical reaction:
EHyEMyEMBE —20 5 x. & o
2KOH(a
CH;—CH,—CHBr, —2401loa)
OH X
| \OH H,0 I
H H
Unsatable compound A w

Complete the following equations:
(1) CoHsNCLEKIE 5 ..,

(”) Hzc cHz +Br m__ckﬂ_.) R
() CHMN,CL+KI s CeHol  +N, T4KCL

Benzene dlazonlum lodabenzendg
chloride

) H,CesCH, + Br, ey BrCH,—CH.Br
Ethene 1. 2-Dibromoethane
Complete the following reaction:
CHy—CHemCHy —1or_,x  Nal__,y

Poroxide Acatone

HB
CHa—-—CH uxeo [:H2 _____ r

Peruxlde
Propeno

—CHy—CH,—CH,—8r
I-Bromopropane(X)
Nl
e CH3 ——-CHE——CHE —]
lodopropanc(Y)

Q10.

Ans.

QlL

Ans.

Ql2.

Ans.

Ql3.

Ql4.

Ans.

Write the structures of the products of the following
reactions:

(1) CH,CH=C(CH,), + HBr —
(i) C,N;ONa+C,H.,Cl—

H CHy
||
(i) CHyCH=C(CH,),+HBr—> CHH—T—ﬁ—EHB
2-dethylbul=2-¢ne H Br

2-Bromp~2-methylbutane

(i) CeHsONa+CHgCl— CeHZOC,Hs +NaCl
Sod. phenate Ethoxybenzene

Complete the following equations:
CH3

(i) + Hl —

() CH3CH,CH==CH; +HBr—>

Baoth additions to unsymmetrical carben are guided by
Markovnlkov's rule.

Y= O

(i) CH 3CH,CH = CHy,—— CHyCH, EHCH

Br

Bur-kene 2-Bromobutbne

Complete the following:
(I) C,HsCl+ AgCN(ALc) Nt

(i) CgHsCl+Conc.(HNO; +H,50,) —<X,

() CeHeN 5 C+ AgCl
(I A mixture of ochloronltrobenzene and

p-chloronftrobenzene Is formed.
Identify A and B in the following reaction:

QBr+Mg Anhyd. athor (A) H;0/H" (8)

W HyOmM-
ARS. Qﬁre- Mg Anbwd alhver QNIEBF b

Bromocyclohmane

Cyclohuxyl mognesiurn
bromide
(A) OH

Cyclohoxanol (B)
Give the structures of the products A, B and Cin the
following reaction:

CHy CH,Br —KOL (o] 1AHq

NaNO,

> [B]— et [C]

HEN LIAIM
CHJCHZE]rHAA—>CH1§=-12C»mN—J_>CH3CHf;HZNHZ

NaNO
U,Cn&-»CHHD-F(JIH ,0H

L

L L o s s o



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

QIs.

Ans.

Q16.

Ans.

Q17

Ans.

Q18.

Ans.

Q9.

Ans.

Q 20.

Ans.

Q2L

Ans.

G673 K
300 atm

Chlorobrenzono

Complete the equation:

HB
EHg ==Lty (Peroxrlde)

= HBr
CHyCH=CH, %mﬁmeaCHZCHZBr
Propane 1-Bromopropane
Which of the following compounds will react faster
in the 5,1 reaction and why?

X

\)\/ or /\’/\a
U] an

The compound (I) belng a secondary alkyl halde
will react faster than the compound (ll) which is
a primary alkyl halide In nature.

Which alkyl halide from the following pair Is chiral
and undergoes S, 2 reaction faster?

s . N
Br
Br
U (1)
The Isomer (ll) has a chiral carbon while isomer (1)
with less steric hindrance undergoes 5,2 reaction

faster.
What happens when bromine reacts with

CHyC==CH ?

Two moles of bromine particlpate In the reaction. The
yellow colour of Br, gets discharged.

Br Br
||

CH,—CeaCH+ 2Br,— CHaﬁ—ﬁH

Br Br

Propyme 1. 1. 2. 2-tetrabromopraopane

How will you convert methyl chloride into ethyl
chloride?

ol 25

Mathyl chloride

Hy/Nd
—2, CHyCH,NH,

Ethyl amine
s

b ey 5CH,0H
Elh\(l nlc ohol

CH4CN
Mothyl cyanide

pCL
CH CH Cl —
Em\rh Chlorlde

What happens when CH,— Br Is treated with KCN?

Methyl cyanide Is formed
CHyeBr + KON -y CHy - ComoN + KBr

What happens when chlorobenzene Is subjected to
hydrolysis?

Phenol is farmed.

OH + NaCl

Phonol

Q 22. Write chemical equations to illustrate the following
reactions:

(i) Fittig reaction (ii) Finkelstein reaction.
Ans. (I)

"""""""""""""""" ' Anhyd.
@‘EET.?.‘E’?F}H_T_E‘__ ~ e
Chlorobenzene

Biphomyl

(i) CH3CHCL +Nal —ASE90E , CHyCH, I+ NaCl
Chloroethane lodoethane

Q 23. How will you convert methyl chloride to ethyl amine?

"
KN, HCmmN —2M 0 cHCH,
lhethyl cyanide Ethyl amine

Ans.  cH.cl
Ihethyl chloride

Q 24. Write the structure of 3-bromo-2methylprop-1-ene.

(CBSE2017)
Ans. Structure of 3-bromo-2-methylprop-l-ene

(TH2 —C==(H,

Br CH

Q 25. Write the structure of the compound 1-Bromo-4-
sec.butyl-2- methylbenzene.

Ans. «

CH3CHCH5CH;

Q26. Write the structures
derivatives of propane.

Ans. () CHy—CH,—CHX,
() X—CH,—CH,—CH,—X

of different dlhalogen

—_—

(iiif) CHy— T-—CH3

Q 27. Write the structures of 1-bromo-4-chlorobut-2-ene.
(CBSE2017)

Ans. Structure of 1-bromo-4-chlorobut-2-ene
H, T—EHmCH—CH2

c Br

Q28. Out of chlorobenzene and benzyl chloride, which
one gets easily hydrolysed by aqueous NaOH and
why? (CBSE2018)

Ans. C— Cl bond In chlorobenzene Is stronger than C—Cl
bond In benzyl chloride. Therefore, hydrolysls of
benzyl chlorlde Is easy. It s due to the fact that In

L
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chlorabenzene. the lone pair of electrons on halogen

atom are delocalised. Consequently. C—Cl bond have

some double bond character. Whereas in_benzyl
chloride. C—Cl bond is weak. On cleavage it forms

benzyl cation which is stable due to resonance.

Q 29. Which compound in the following couples will react
faster in S,;2 displacement and why?
(i) 1-bromopentane or 2-Bromopentane
(ii) 1-bromo-2-methylbutane or  2-bromo-2-
methylbutane?

Ans. (I) -bromopentane since it Is a primary alkyl halide
and not 2-bromopentane it is a secondary alkyl halide.

(i) 1-bromo-2-methylbutane since it is a primary alkyl
hallde and not 2-bromo-2-methyl butane since it
g_a_?e_rtiar\,r alkyl halide.

Q 30. Whichwillreact fasterin S,;2 displacement reaction;
1-bromopentane or 2-bromopentane and why?

Ans. The order of reactivity of alkyl haldes towards 5,2
displacement reactlon is:

Primary > secandary > tertiary.

Therefore 1-bromopentane will react faster.

Q31 Out of the two bromoderivatives, C,H,CH(CH,)Br,
and C,H,CH(C H;)Br, which one is more reactive in

5,1 reaction and why?

Ans. In the S,1 reaction. the reactivity of an alkyl halide
depends upon the stability of the carbocation which is
farmed In the slow or rate determining step.

Slow

@
CEHEﬂ}FCHa == CcHg—CH—CH; +Br-
Br

@
Slow
CEHE—?-I—CEHE s CeHg-—CH—CH +8r

Br

Although both the carbocations are secondary
in nature, the carbocation formed in the second
reaction is more resonance stabillsed due to the
presence of two phenyl groups that are involved In
conjugation. Therefore, the carresponding halogen
derivative Is mare reactive.

Q 32. What is a racemic mixture? Give an example.

Ans. An equimolar mixture of two enantiomers of an
optically active compound is known as a racemic

mixture.
CH5 CoH5
Csz‘. ' CH34,. '
“C—Br “C—Br
/ /
H H,

Y
(&) 2-Bromobutane

Q 33. Chlorobenzene is extremely less reactive towards
nucleophilic substitution reactions. Give two
reasons for the same.
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Ans. (i) The C—Cl bond has partial double bond character
an account of conjugation.

() The carbon atom in C—Cl bond Is sp? hybridised
and Is sufficlently electronegative In nature.
Therefore, the bond cleavage Is quite difficult

Q 34. Which one of the following compounds is mare
easily hydrolysed by aqueous KOH and why?

CH,CH,CICH,CH; or CH,CH,CH,CL

Ans. CH,CH,CH.CL Is hydrolysed more easlly since it Is a
primary alkyl halide while the other alkyl halide s of

secondary nature. The hydrolysls proceeds by 5,2

Q35. Out of S\1 and 5,2 which reaction occurs with (i)
Inversion of configuration (ii) racemisation.

Ans. (i) Sy2 reaction occurs with inversion of configuration.
(I} Sy reaction occurs with racemisation.

Q 36. Why is chloroform kept in coloured bottles?

Ans. In the presence of light. chloroform Is oxldised to a

highly poisonous gas, phosgene.

2CHCly + 0, —B2 2c0ct, + 2HCL
Chlarofarm  (Ar)
In order to check this, chloroform must be kept in
dark brown coloured bottles. Moreover. the bottles
must be completely filled and vsell stoppered to
check the entry of alr.

Q37. Primary alkyl halide C,H,Br (A) is reacted with
alcoholic KOH to give compound (B). The compound
(B) is reacted with HBr to give (C) which s an
isomer of compound (A). Write the structures of the
compounds (4), (B) and (C).

Ans. (H,—CH—CH,—Br ﬁiﬁ’_\ﬂ’ﬂ»mj_{':mz

3 CHy
{A) 2=daothwl propene
(8)
r
- B
CHB—?—LHZ f—)CHagT—CHH
CH; M,
@) 2= Dromo ==l Propono
(@

Q 38. Which would undergo 5,2 reaction faster in the
following pair and why?
CHy

CH;y —CH; —Br and CH; — T— B (CBSE 2015)

CH;

Ans. CH,—CH,—Br because It Is a primary alkyl halide
and offers less sterlc hindrance to the attacking
nucleophile as compared to the other alkyl halide
which is of tertlary nature.
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Short Answer Type-I Questions \)
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Q1 Write the structural formula and IUPAC name of the
alkane obtained by the reaction of 1-bromopropane
with sodium in the presence of ether. What is the
name of the reaction?

Ans. 1-bromopropane in the presence of dry ether. reacts
with sodium to give hexane. This reaction is called
Wurtz reaction.

CHy—CH, —CH,Br+ 2Na + BrCH, —CH, —CH,
bromopropane
— 8L, CH, —CH, —CHy —CHy —CH,—CHy + 2NaBr
hexane

Q 2. Which compound in each of the following pairs will
react faster in 5,2 reaction with —OH?

(NCERT EXERCISE)

|-bromopropane

(i) CH Bror CH,l
(i) (CH,)4CCl or CH,CL

Ans. () Since I” is a better leaving group as compared
to Br™. 5o, CHyl reacts faster in 5,2 reaction with

OH™ as compared to CH; Br.

(i) On the basis of steric effect, in 5,2 reactions 1°
alkyl halides are much more reactive as compared
ta tertlary (3°) alkyl halides. So. CH;Cl reacts faster
with QH~In Su2 reaction as compared to {CH,);CCL
(3° alkyl halide).

Q3. Arrange each set of compounds in order of
increasing boiling paints:
(i) Bromomethane, bromoform, chloromethane,
dibromomethane
(ii) 1-chloropropane, isopropylchloride,
1-chlorobutane. (NCERT INTEXT)
Ans. (i) The boiling points of organic compounds are linked
with the van der Waals' forces of attraction which
depend upon the molecular slze. In the present
case. all the compounds contaln only one carbon
atom. The molecular size depends upon size of
the halogen atom and also upon the number of
halogen atoms present In different molecules.
The Increasing order of boiling points is:
CH;CL (chloromethane) < CH3Br (bromomethane)
< CH,Br, (dibromomethane) < CHBry (bromafarm)

() The same criterla Is followed In this case. We
all know that the branching of the carbon atom
chain decreases the size of the isomer and this
decreases its bolling point as compared to straight
chaln isomer. The Increasing order of bollng polint Is:

(CH,),CHCL (isapropylchloride or 2-chlorapropane)
< CICH,CH,CH; (1-chloropropane) < CLCH,CH,CH,CH;
(1-chlorobutane)
Q4. Which will have a higher bolling point:
1-chloropentane ar 2-chloro-2-methylbutane?
Ans. Both the isomeric haloalkanes have the molecular
formula C.H, CL Thelr structural formula are given:
CH,

5 4 = | 2 1
CHa—CHy —CH,—CHy-—CH, —Cl CHE—TdtHZ—CHH
HChlorapontono

Cl
2-Chloro-2-mathylbutano

We know that the branching of the carbon atom
chain tends to decrease the molecular size and van
der Waals' forces of attraction leading to decrease In
bolling point. This means that straight chaln [somer
has higher boiling point than the branched chain
Isomer.

Q5. Which one of the following pairs of substances
undergoes S, 2 substitution reaction faster and why?

o Oroae s

“) /\/\/ or /\/\/Cl

Ans. (I) CH,CL belng a primary alkyl hallde

will react faster as compared to the other
substance which Is a tertlary alkyl halide. This Is
on account of lesser steric hindrance involved in
the first substance when nucleophlle attacks.
(i) /\/\/ will react faster as compared
to the other substance since the cleavage of
C—Ibond is easier as compared to that of C—|
bond due to less bond dissoclation enthalpy.

Q 6. Complete the following reaction equations:

(i) QOH +50Cl; ——

CH,0H
(ii) /O/ + HOl —>
HO
Ans. () <:>—GH +50Cl; —— <:>—Cl +50; + HCl

(1)

CH,0H CH,CL
Q/ : HCL -_.- Q
HO

Q7. (i) CH, ClH—CH i B ST

OH
(i) CH,CH,CH,CL + KOH -2, 4 100, 'y
Identify ‘A’ and '8’ in the above reactlons.

Ans. () CH,CH—CH, % CH, —CH—CH, 28,
| |
OH Cl
(4)
(llHa——CH—CHa
CN
(8

(1) CH,CH,CH,CL + KOH 2hanoly eh CH s CH,
)
HBr

CH,—CH—CH,

Br
(8)
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Q 8. Give reason for the following:

(i) During the electrophilic substitution reaction
of haloarenes, para substituted derivative Is the
major product.

(ii) The product formed during S,1 reaction is a
racemic mixture. (CBSE SQP 2022-23)

Ans. (I) During the electrophilUc substitution of haloarenes.
higher steric hindrance is there at the ortho position.
hence para isomer is usually predominated and is
obtained In the major amount. 50 we can say that
para substituted derivative is the major product in
this reaction.

(ii} During the S Jmechanism intermediate carbocation
l.e.. the product formed Is sp? hybridised and planar
in nature. This allows the attack of nucleophile
from either slde of the plane resulting In a racemic
mixture.

Q9. Why is sulphuric acid not used during the reaction

of alcohols with KI? (NCERT INTEXT)

Ans. Klls expected to glve HI on reacting with H,50, which
will convert alcohols R—QOH to alkyl lodides R —I.
However, H,50, is a strong oxidising agent and it

oxidises HI formed during the reaction to I, which

does not react with alcohol
Kl+H,50, —22_,KHS0, +HI
H,50,— H,0+50, + (0)

2HI+(0)— Hy0+ 1,

To solve the prablem. H,S50, Is replaced by
phosphoric acdd (H;PO,) which provides HI for the
reactlon and does not give |, as Is done by H,S0,.
Kl+HyPO,— KH,PO, +HI
Pot dihydrogenphosphbte
Q10. Account for the following: Chloromethane reacts
with KCN to form ethanenitrile as the main product
and with AgCN to form methyl isocyanide as the
chief product.

s

Ans. KCN (KCe=N) is malnly an ionlc compound and

provides cyanide lon (CewN) for the nucleophlle

attack On the other hand. sllver cyanide (Ag—CusN:)
is mainly covalent In nature and only nitrogen atom
is free to donate the electron pair for the nucleophlle
attacke This results In the farmation of maethyl
Isocyanide.

CHa-Qu ComN —» CHy—CemN +CL"

Chloromethane Ethanonitrile

CHa‘Ql'f‘ AE'—CNJ\H'—-') CHa"—N‘:I_‘)C +AgCl

Chloromethane MothyUsocyanide

QL. Arrange the following compounds in decreasing
order of reactivity towards 5,2 displacement
reaction and give reasons in support of your answaer.

() C,HBr, C,H I C,HCL
(i) (CH,);CBr, CH,CH,CHBrCH,, CH,CH,CH,CH,Br.
Ans. () The cleavage of C—Xbond Is lnked with
bond dissoclation enthalpy. It Is the order:

C—C >C—Br>C—l

CGH— > CH,—Br> CyHg—Cl

(i) The cleavage of C—Br bond Is related to steric

hindrance by alkyl group. Lesser the steric
hindrance. mare is the reactivity. In the light of
this, the order of reactivity is:

CHCH,CH,CHBr > CHyCH,CHBrCHy > (CHy )5CBr

Q12. (i) Arrange the isomeric dichlorobenzene in the
increasing order of their boiling point and
melting points.

(ii) Explain why the electrophilic substitution
reactions in haloarenes occur slowly and require
mare drastic conditions as compared to those in
benzene. (CBSESQP 2023-24)

Ans. (i) mdichlorobenzene <  o<dichlorobenzene <
p-dichlorobenzene. Symmetrical structure and
close packing Is seen In paralsomer while ortho has
a stronger dipole-dipole interaction as compared
to meta.

(i) The halogen atom because of its | effect. has
some tendency to withdraw electrons from the
benzene ring As a result. the ring gets somewhat
deactivated as compared to benzene and hence the
electrophilc substitution reactlons In haloarenes
occur slowly and require more drastic conditions
as compared to those In benzene.

Q 13. Benzylic halides show high reactivity towards S 1
reactions. Why?

Ans. S, 1reactions. as we all know, proceed in two steps. In
the slow step (rate determining step). a carbocation
intermediate Is formed. In benzyl haldes, the benzyl
carbocation Is resonance stabllsed. Therefore. benzyl
halldes show high reactivity towards 5,1 reaction.

Q4. (i) How will you convert methyl bromide into
methyl lodide?
(i) Grignard reagents should be prepared under
anhydrous conditions. Explain.
Ans. (I) Itis done with the help of Finkelsteln reaction

CHy--Br+ Nal--{C0000, e 4 NaBr
hiethyl bramida hiethyl lodide

L
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(i) In the presence of moisture. Grignard reagent
formed gets hydrolysed to form alkane.
Therefore, It should be prepared under
completely anhydrous conditions.

RMgX  +H,0 —— R—0OH + Mg(OH)X
Grignard reagent Alcohal

Q 15. Propose the mechanism of the reaction taking place
when:
(i) (-)-2-Bromooctane reacts with sodium
hydroxide to form (+)-Octane-2-ol.
(if) 2-Bromopentane Is heated with KOH(alc)) to

form alkene.
Ans. (i) Inthisreaction, thereisaninversion of configuration

since OH ion (nucleophile) attacks from a side
opposite to the side where Br atom s present.

HgC\ /CH3
oL C—Br — HO—C. g
(Mucleophile) & %,
H\ \ / H
CH -CeHh

(~)-2-Bromooctane  (+)-Octane-2-0l

() In this reaction. blmolecular elimination (E,-
elimination) takes place. i

OH~_—*H

g
CH3—CH;—CH —CﬁH =iy ——=

Br
2-8Bromopentane
CH3—CHy—CHe==CH—CHy + H,0 + Br

Pent-2-gne

Q16. (i) Namethesuitable alcoholand reagent,fromwhich

2-chloro-2-methyl propane can be prepared.

(ii) Out of the chloramethane and fluaromethane,
which one has higher dipole moment and why?

Ans. () Thealcoholandreagent usedto prepare 2-chlora-2-

methyl propane are tert butyl alcohol or 2-methyl
propan-2-ol and Lucas reapent le. a mixture of
conc. HCl and ZnCL,. The reaction will follow the S1
pathway.

(1) Chloromethane has the higher dipole moment Due
to smaller size of fluorine. the dipole moment aof
flouromethane is comparatively lesser.

Q17. Explain Saytzeff's law and Hunsdiecker reaction
with chemlcal equations.

Ans. Saytzeff's law: This law states that in elimination
reactions of organic compounds, among the varlous
alkenes obtalned by the effect of eliminating reagent,
most substituted alkene is the major product.

2CHO—CH,--CH(Br)CHy — “C’a”f%‘)’- -

CH,—CH &= CH—CH + CH,CH, —CH==CH,

Maoln product

Hunsdlecker reaction: In the solution of silver salt of
monaocarboxylic acld, prepared In CCL,, when bromine
Is passed. bromoalkang Is obtalned. This reaction |s
called Hunsdlecker reaction.

RCOOAR +Br wwvdyR—Br + AgBr + (0,

Q 18. Complete the following reactions:

(i) ©>=< + HBr ——

H

CHs
(i) O/ + Hl —
Br H

" /H, JA Rule | |
0 ey e sien Lt

H H
1-8romoe-l-phenylethane

CH3 CH3
(”} Ej’/ & HI M Rule ©<|

Mothyloyelohenano Hodo-Fmethyleycloherano

Ans.

HPhenylethane

Q19. Draw the structures of the major nucleophilic
products in each of the following:

socdl
(i) QCHI—CH=CH2 + Mgy JoEile

(i)
Q—DH i GO0 —=3 <:>—c1v S0, + HCl

Chlorooyclphosany

i
& <:>—CH;-~CH=-CH; + HBr 2S00,
| 2z 3
CH g CHy s CH=Br

(3-Bromopropyl) cytlohwsane

Ans.

Q 20. How will you convert:
(i) Bromobenzene to 2-bromoacetophenone?
(ii) 2-Bromobutane to But-2-ene?

Ans. (i)
Br Br
COCH4
& CHgeooy 2 AL + HCl
Acenyl heat

Bromobenzene Chloride 2-Bromoacetapheonone

Br
() CHy=~CHy ~-CH-—CH; + KOH(alc.)
2=Bromobutane
— CHB---—CH e CH—CHH +KBr + HZO
But-2-gna

Q 21. Complete the following chemical reactions:

& Anhyd. ALl
1) +CHEl ——————*

(i) CHy—CHy—Cl+ KON,

L
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(iii) CH;—CH=CH; +HI—
(lv) CHz;—CH;—OH +NaBr +H,50,
Ans. (i)
Cl

+ CHy—Cl
taethwl
chloride

ol ul
O, ST e
CHy HiC

o-Chlorotoluene

Anhwed. AlCLy
S

Chlorobenzene

p-Chlorotoluene

(1)) CHy—CHy~~Cl KCN——22 e, CHy —CH, —CN + KCL

Ethyl chloride Ethyl cyanide

(i) CHy—CH=CH,+HI—> CH3-—TH—-CH3
Propane |
Z—lodopropane

(iv) CHy—CH,—O0H +NaBr +H,S0,
Ethyl alcahol

—— CHy—CH, —Br+NaHS0,, +H,0
Ethyl bromida

Q22. How will you distinguish between the following
pairs of compounds?
(i) Chloroform and carbon tetrachloride
(ii) Benzyl chloride and chlorobenzene.

Ans. () Heat the two compounds separately with aniline
and alcahol KOH. Chloroform glves pungent and
irritating smell of an isocyanide while carbon
tetrachloride does not

CHCL + 3KOH(ale) + CgHgNHy 85 CHAN e C
+3KCL+3H,0

() Add a few drops of NaOH and AgNO, separately
to both the compounds. Benzyl chloride gives a
v/hite precipitate while chlorobenzene does not.

CH,CL CH,0H

© © + NaQH —2202

Banzyl chloride Benzyl alcohol
Ag'[:l + NEIND3
(white ppt)

Q 23. An alkyl halide (A) of molecular formula C,H,,Cl on
treatment with alcoholic KOH gives two Isomeric
alkenes (B) and (C) of molecular formula C,H,,.Both
alkenes on hydrogenation give 2, 3-dimethylbutane.
Write the structures of (A), (B) and (C). (CBSE2023)

CH,

I

Ans. Alkene (Band C)— gei

CH,
{2 3-dimethy butang)

Only two alkenes are possible.

CH, CH, CHy
| o
HC—C—Cu CH, and HyC—Cuwn C—CH,4
| 2. 3-dimathwyt but-l-eng
CH, (1) ()
2. 3-dimethyl bui-lene
(8
Only one alkyl halde is possible which gives the above
two alkenes (1) and (II) and that is:
i—Ha
HyC —CH—C—(CH;
|
CH;
2-chlorg-2. 3-dimethyl butone
(A)

" Short Answer Type-Il Questions N

QL Among the isomeric alkanes of molecular formula
C.H,,, identify the one which on photochemical
chlorination yields:

(i) Asingle monochloride
(ii) Three isomeric monochlorides
(iii) Four isomeric monochlorides.  (NCERT INTEXT)
Ans. The molecular formula CgHp represents three

structural isomers.
CH,

|
CHBAT—CHB
CH

2 2-0imaothylpropone
(if) CHy—CHy—CH,—CHy—CH,

Pontong
(i) CH3—|CH—CH2—CH3
CHj
(I) The lsomer Is symmetrical with four primary
(I°) carbon atoms and one quaternary (4°)
carbon atom. Since all the hydrogen atoms are
equivalent. it will yield only one monochloride
upon phatochlorination fe. chlorination carried
In the presence of ultra-violet Ught

CH, CHy

| 3 b=
CH —l'li—CHa +C|. ——; CH —T—CH Cl—-HCl

CHy CHy

2. 2-Dimethylpropane I-Ehlnro-z.Mmum\;lpmpnnu

(ii) In the stralght chaln Isomer pentane, there are
three groups of equlvalent hydrogen atoms.
As a result, three Isomeric monochlorides are
possible.
(a) © () (B (o)
CHy—CH,—CH, —CH, —CH3+Cl,
Pantano

s 8 ] 3 2 1
ity € Hg o CHy e CHy s CHy T Hy o L

\-Chloropontang

L
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5 4 3 2 1
+CH3—CH2—CH2——TH—CH3
cl
2-Chloropentane
5 4 | 2 1

+Hy—CHy— Oy —CH

3-Chloropentane

(lii) The branched chain Isomer has four types of
equivalent hydrogen atoms present. It will give
four lsomeric monochlorides upon chlorination.

@ ® ©
CHg—ClH—CHZ—CHE + QL

CHy
2-Methylbutane

b 2 ] 4 ]
——(Cl—CH —CHZ—CH2 —CH3
1
CHy
2-Chlaropentang
cl
I - 4
+ CHy—C—CH,—CHy
HB
2-(hloro-2-methylbutane
4 3 2 1 4 3 2 1
CHy— TH g?-FCHa +CHy— TH —~CH2—-CH2 —Cl

CHy
2:Chloro-3-mathyibutong
Q2. Explain why:

(i) Dipole moment of chlorobenzene is lower than
that of cyclohexyl chloride.

(ii) Alkyl halides though polar are Immiscible with
water.

(iif) Grignard reagents should be prepared under
anhydrous conditions. (NCERT EXERCISE)

1-Chlorg-3-mathylbutano

Ans. (I)

Cl
. sp? hybridised sp? hybridised

Chlorobenzene

The polarity of C(—Clbond In chlarobenzene
Is less than that of same baond in cyclohexyl
chloride because of carbon atom involved In
chlorobenzene which Is more electronegative
(greater s-character) as compared to the carbon
atom in case of cyclohexyl chloride (lesser
Hharacter). Therefore, the dipole moment of

Cyclohexyl chlorlde

chlaride.

(i) In water, H,0 molecules are Unked to each other
by intermolecular hydrogen bonding. Although
alkyl halides also contaln polar C—X bonds.
they cannot break the hydrogen bonding In H,0
molecules. This means that there Is hardly any
scope for association between molecules of

alkyl halides and water. They therefore, exist as
separate layers and are immiscible with each
other.

(i) Grignard reagents (R—Mg—X)should be
prepared under anhydrous conditions because
these are readily decomposed by water to form
alkanes.

X

R—Mg—X +H,0 — R—H+ Mg<OH

Grignard reagent Allane

That is why ether used as solvent in the
preparation of Grignard reagent Is completely
anhydrous in nature.

Q3. (i) Define the following terms:
(a) Enantiomers (b) Racemic mixture

(ii) Why is chlorobenzene resistant to nucleophilic
substitution reaction? (CBSE2019)

Ans. (I) (a) Enantiomers: The stereclsomers related to
each other as non-superimposable mirror
images are called enantiomers.

(b) Racemic Mixture: Equimolar mixture of d and |
form Is known as racemlc mixture.

(ii) Twa reasons for the resistivity or less reactivity
of chlorobenzene towards a nucleophilic
substitution reactlon are as fallows:

(a) Resonance Effect: The electran pair of chlarine
atom is Involved in canjugation with the
n - electrons of the benzene ring and the
follD\r\‘ri‘ng resonating structures are obtained.

el e ke €I L
Sl A
—> Q > —> B —>
g

As a result, electrons of C—Cl bond get
delocallsed and a partlal double bond character
develops In the bond and hence, It becomes
difficult for the nucleophile to cleave the C—Cl
bond.

(b) Increased Electron Density: A repulsion_is
suffered by the nucleaphile due to Increased
electron density on the benzene ring which
prohibits the nucleophlle to make a close access
for the attack on the molecule.

Q4. Arrange the compounds of each set in order of
decreasing reactivity towards (S, 2) displacement:
(i) 2-Bromo-2-methylbutane, 1-Bromopentane,
2-Bromopentane
(i) 1-Bromo-3-methylbutane, 2-Bromo-
2methylbutane, 2-Bromo-3-methylbutane
(iii) 1-Bromobutane, 1-Bromo-2,
2-dimethylpropane, 1-Bromo-2-
methylbutane, 1-Bromo-3methylbutane.
(NCENT EXERCISE )
Ans. The reactivity of a particular haloalkane towards

5,2 reactlon is inversely proportional to the steric
hindrance around the carbon atom Involved In C—X

L
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bond. More the steric hindrance, lesser will be the
reactivity. In the light of this. the decreasing order of
reactivity In all the three cases s as follows:
(i) CH3CH,CH,CH,CH, Br > CH3CHCH,CH,CHj,
Bromopentane(1?)

¢
2-Bromopentaneg(2°)

Br

|
> CHB |CCH2CH3
CH3
2-Bromo-2-methylbutane (3°)

(ii) CHB%H CH,CH,Br > CHB%H_%H_ CHy

CHy Br CHy
F8romo-3-methylbutane (1°)  2-Bromo-3-methylbutane (2°)

Elﬂr
> CH-J‘-—T—CHZ—CHB
CH3
2-Bromo-2-mathylbutiong (3¢)
(iii) CHBCHZCHZCH_BF b CH#HCHZCHZBr
-Bromobutane (1°)
CH3

\-Bromo-3-
methylbutane (17)

CH,
|
> CH3CH2THCHZB" > CHj—‘T-HQBF
CH; CHy
1-Bromo-2- 1-Bromo-2, 2-

methylbutane (1°) dimothylpropone (1°)

Q5. () Name the possible alkenes which will yield
1-chloro-1-methylcyclohexane on thelr reaction
with HCL Write the reactions involved.

(ii) Allyl chloride is hydrolysed more readily than

n-propyl chloride. Why? (CBSE SQP 2022-23)

Ans. (I) The paosslble alkenes which will yleld 1-chlaro-}

methylcyclohexane on their reaction with HCl are-
Methylcyclohexene

i Cl CH,

HCl

1-Methylcyclohexene
CH, Cl CH,

(I} Ayt chloride shows high reactivity as the
carbocation formed in the first step is stabillsed
by resonance while no such stabilisation of
carbocation exists In the case of n-propyl chloride.
So. allyl chloride 18 hydrolysed more readily than
n-propyl chloride.

Q 6. Answer any three of the following:
(i) WhichisomerofC.H, givesasinglemonochloro
compound C,H,Cl in bright sunlight?

(i) Arrange the following compounds In Increasing
order of reactivity towards Sy2 reaction:
2-Bromopentane, 1-Bromopentane, 2-Bromo-
2-methylbutane

(iii) Why p-dichlorobenzene has higher melting
point than those of ortho and meta-lsomers?

(CBSE 2023)
(iv) Identify A and B In the following:
Br
Mg H0
Dry other A B

Ans. () Cyclopentane Isomer of C.H,, gives a single
monochloro compound CHyClin bright sunlight.
(i) The increasing order of reactivity Is 2-Bromo-
2-methylbutane < 2-Bromo pentane < 1-Bromo
pentane
(lif) This is due to the greater symmetry of poro-
Isomer that fits In the crystal better as compared
to ortho and meta-lsomers.

Br MgBr
M
® +CHy—C—H
Dy ather Cyclobutyl magnesium
C'n{)il{?rﬁg\'l W bromids
P]o
H
Br
#* Mg.<
w} OH
Cyclobutane

Q7. What happens when:
(i) n-butyl chloride Is treated with alcohollc KOH,

(i) bromobenzene is treated with Mg in the
presence of dry ether,

(iif) chlorobenzene is subjected to hydrolysis,

(iv) ethyl chloride is treated with (aq.) KOH,

(v) methyl bromide is treated with sodium in the
presence of dry ether,

(vi) methyl chloride is treated with KCN?
(NCERT EXENCISE)

Ans. (i) But-l-ene Is formed as the product as a result of

dehydrohalogenatlon.
CH;—CH, ~—CH, —CH, —Cl + KOH (alc.)
n=butyl chloride

But-l-ane

(i) Phenyl magnesium bromide (Grignard reagent)
Is formed as a result of the reaction.

Br MgBr

(dry athar)

+ MB —_—

Bromobenzene Phonyl mag. bromide

L
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(i) Chlorobenzene will not get hydrolysed on
bolling with NaOH. No product will be formed.
(Iv) Ethyl alcohal Is farmed as the product.

CHy—CH,—CL + KOH(oq)
Ethyl chloride

—— CHy—CH,—OH+KCL+H,0
Ethyl alcobol

(v) Ethane Is formed as a result of Wurtz reaction.

CHy=Br  +2Na+ BrowCHy — 20, CH_ .. CHy + 2NaBr
Methwl bromide Ethane

(vi) Methyl cyanide Is formed.

CH3—Cl +KCN— N, CH, —CesmN + KCL
nol

ethn
lhethyl chloride ( ) Acetonitrile
[Mathyloyoridn)

Q8. (i) Identify the major product formed when
2-cyclohexylchloroethane undergoes a
dehydrohalogenation reaction. Name the
reagent which is used to carry out the reaction.

(CBSE SQP 2022-23)

(i) Why are haloalkanes more reactive towards

nucleophillc  substitution reactions than
haloarenes and vinylic halides?

Ans. () The malor product farmed when
2-cyclohexylchloroethane undergoes
dehydrohalogenation reaction is

I-cyclohexylethene. The reagent which is used to
carry out the reactlan Is ethanolUc KOH.

() Haloalkanes are more reactive towards
nucleophilc  substitution  reactions  than
haloarenes and vinylic halides because of the
pressure of C—X band in haloarenes and vinylic
halldes. Hence. they do not undergo nucleophllic
reactions easlly as compared to haloarenes.

Q9. (i) Identify the chiral molecule in the following
pair:

AL

OH OH
(a) (b)

(ii) Write the structure of the product when
chlorobenzene is treated with methyl chloride
in the presence of sodium metal and dry ether.

(lii) Write the structure of the alkene formed
by dehydrohalogenation of 1-bromo-1-
methylcyclohexane with alcoholic KOH.

(CBSE2018)
Ans. (I) Molecule (a) is chiral as Its mirror Image Is non-

superimposable.

OH | OH
Mirror

(Il) Toluene Is formed. This Is known as Wurtz-Flttig
reaction.

Ory ether
Q{:l +2Ngwll—iHy ———*
Chlorobenzene Q[Ha + 2NaCl

Toluene
(1) 1-methylcyclohexene Is formed.

H H
CH
B alc. KOH 3
(Hy ——m
H
H
I-methyloyclohexene

T-bromo-1-methyloyclohexane

p-hydrogen on each side of Br atom are equivalent
because of which only one alkene will be formed.

Q 10. Identify A, B, C, D, E, R and R’ in the following:

dry etl H,0

(ii) R—Br+Mg—2nether ,c 00 , CH3T HCH;

D
CH3 CHy
|
(iif) H;C— - —CH; No/othar R'—X Mg
CH
71 CHy D H,;0 ¢
Ans. () (NCERT INTEXT)

d h H;0
QBr+Mg B i O—Mgar =y

Bromocyclohexane Cyclohexyl mag, bromido
(A

<:> + Mg(OH)Br

Cyclohexane
(®)

(il) In this reaction, the alkyl group Ris (CH3),CH—
The reactlon proceeds as follows:

Bl + Mg —her CHa—-TH——MgE]r

CH-:l CHE|
lsopropylbromide lsopropyl mag, bromide
Q
iy CH54TFL—D +Mg(0D)er
CHB

2-Deulariopropong

(iii) In this reactlon, R’ is (CHH)Cngroupl The reaction
proceeds as follows:

CHy CHy CHy
|| |
Na/eah
CHa—?— T— CHy (Wuri::’llu:;unCHJAT_ 4
CHy CHy tH

2.2.3.3=tutramuthylbutone

L
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CHy CHy

| |
__“lﬁ—mHB—?—- mgx —22_, CHB—-T—-H + Mg(OH)X

CHy CH,
Grignard reagent 2-Methylpropane

©) (E)
Q 11. Write main product formed when:

(i) Methyl chloride is treated with Nal/Acetone.
(ii) 2,4,6-trinitrochlorobenzene is subjected to
hydrolysis.
(iii) n-butyl chloride is treated with alcoholic KOH.
(CBSE 2023)
Ans. (i) Methyl iodide is formed when methyl chloride is
treated with Nal/Acetone

CH4CL+ Nal - =» CHyl + NaCl
DCEIDI'IE
Mgthyl chloride Mvth\ﬂ lodide
(ii) The 'Cl group leaves and is replaced by 'OH' group
thereby forming 2. 4. 6 -trinitrophenol which Is
also known as plcric acld.

NO, O,N
H-,0
Cl £ NO
NO, T H 5
NO, NO,
2. 4, b-trinitrachloro 2. 4, b-trinitrophanal
bengene (Pleric said)

(fii) The product formed is butene and the reaction Is
known as hydrohalogenation:

TV

- buwl [hlnridﬂ
[H3 —-—-[H2 ‘_EH;; ey CH2 + HZD
Butene

Q12. The following compounds are given to you:

2- Bromopentane, 2-Bromo-2-methylbutane,
1- Bromopentane
(i) Write the compound which is most reactive
towards S, 2 reaction.
(ii) Write the compound which is optically active.
(iii) Write the compound which Is most reactive
towards B elimination reaction. (C8SE2017)
Ans. (i) 5,2 reaction involve the formatlon of transition
state. Higher the steric hindrance, lesser the
stabllity of trangition state and lower Is thelr
reactivity towards 5,2
CH;CH,CH,CH,CH,Br > CH3THEH2CH2CH3
I-bromopentane
{12) Br

Z2-bromopentane
(2"

Br

> CHy T CH, CHy

CHy
2=bromo-2=maothybutiene

()

G-TiP:

(i) Among the given compounds, 2-bromopentane
Is optically active due to the presence of chiral

carban (e)

CHy THCH2CH2EH3
Br

2—-bromopentane

Achiral or asymmetric carbon is a carbon atom that is
attached to four different types of atoms or group of
atoms.

() 2-bromo-2-methylbutane Is most reactive

towards B-elimination reaction because in this
case more substlituted alkene Is the malor

product.
I’ I
CHyCH, ?—EH3 —HORA, CH,CHes C—CHy

2-methylbut-2—ene
BR Y

2-bromo-2-methylbutane

Q 13. Complete the following reactions:
Alc. KOH HBr

> (A) > (B)

Na/Bthr ()
%, (8) & cH
\_MaOCH, , 5_Methoxypropane

Alc. KOH
Ans. (i) CH,CH,CH,Br =

(1) CH,CH,CH,Br

(i) (A)

> CH,CH w= CH,
N

My

CHy— CH—CH,

Br
®
Ehy LH,
l 50cl l
(i) CHy—CH—0H -~ HyC —CH —CL
(A) (®)
CH, €Hy

Na/Ether | s HC—CH—CH—CH;

i ©

CHE
\L\mom] |
——>H,C — CH—0CH,

2-Iethowy propane
Q14. Which one of the followlng has highest dipole

moment?
(i) CH, Cl (ii) CHCl (iii) CCI,, (NCERTEXEHCJEE}
N N TNy
2 N S N S
() pele20 (Il} peldin [-J]i:“DD

(I) Tetrachloromethane (CCl) Is a symmetrical
molecule and has zero dipole moment.
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(i) In chloroform (CHCL,). the resultant dipole
moment of two C—Llbonds is opposed by
resultant dipole moment of ¢—| and C—H
bonds. Since the latter resultant dipole moment
Is smaller. the molecule as a whole has dipole
moment (u)=103D)

(iii) In dichloromethane (CH,Cl,). the resultant
dipole moments of two C—Cl and two C—H
bonds reinforce one another. The molecule has
maximum dipole moment (p) = 1.62 D.

CH,CL, has the maximum dipole moment value.
Q15. Clarify how will you prepare the following, starting
from chlorobenzene by giving chemical equation:

(i) Benzene (ii) Phenol (ili) DDT

NI-AlU/NaOH
Ans. () CeHsCle 2MH) —————> CHy +HCl

Chlorobenzene Benzene

A 200atm.
(i) cHCL+ NaOH(0g) ———— CghlsOH +NaCl

Chlorobenzene phenol
(iir)
O —
! Hi Cl
! 1 canc. H,50,
CClHCH:D 4 —_—

trichlargl o -+,0
acetaldehyde ! H ' 1
(chloral) ~ 7777

Chlorobenzene

/@“

CClyCH
Ct

ooT

Q16. What is chlorofluoracarbon? What is its effect on
the environment?

Ans. Chlorofluoracarbon or polychlorofluoro derivatives of
alkane are called freon. Polychlorafluoro methane and
polychlorofluoro ethane are Important freans. e.q.

() CFCL (trichlorofluoromethane (Freon-11))

(i) CF,CL, [dichlorodifluoromethane (Freon-12)

(ili) C,F,CL, (tetrachlorodifluoroethane (Freon-112)
Uses and effect in the environment: Freons are
colourless, odourless, non-polsonous, very less
reactive and low bolling (at 30°C) Uqulids. These get
converted into gaseous state at very low pressure.
That's why these are used as coolant In refrigerators
and air conditioners. These are also uged as aerogol
propellant In aeroplanes. These also acts as solvent. In
short form. these are called chlarofluorocarbaon (CFC).
These have harmful effect on the environment.
These are assumed ta be responslble for destroying
ozone layer. These get diffused as pollutant and
reached at the stratoﬁphera where It Initlates free

e

ozone and destrox; it.

Q 17. Write short note on the following:
(i) Carbon tetrachloride and its uses
(ii) lodoform and its uses
Ans. (i) Carbon tetrachloride: It is obtained by replacing
all the four hydrogen atoms of methane by four
chlorine atoms. Since it extinguishes fire, so it Is
also known by the name pyrene. It is used as a
solvent In dry cleaning. It also glves Freon-12. It
is used as a cleaning agent for removing stains
from the clothes.

(1) lodaform: It is obtalned by displacing three
hydrogen atoms of methane by three iodine
atoms. Thus. It is used In the test of primary
amines and in the formation of acetylene.

Q18. Account for the following:

() Benzyl chloride Is highly reactive towards S, 1
reaction.

(ii) (£)-Butan2-ol is optically inactive, though it
contains a chiral carbon atom.

(iii) Chloroform is stored in closed dark coloured

bottles. (CBSE2023)

Ans. () Benzyl chloride Is highly reactive towards

S, reaction because the intermediate benzyl

carbocation formed in the slowest step is stabllised

through resonance

585
Gd s

(i) Butan-2-ol has a chiral centre that is butan-2-ol

has a carbon atom bonded to four different

substituents, So. It Is optically active.
H
P
CHy;—CH, — T —CH,
OH

(i) In the presence of light, chloroform Is oxldised to
a highly poisonous gas, phosgene.

2CHCL, + 0, —8M, 2cacL, + 2Hl
Chloroform  (Alr)

In order to check this, chloroform must be
kept In dark brown coloured bottles. Moreaver,
the bottles must be completely filled and well
stoppered to check the entry of alr.

L
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Q19. Draw the structures of the major monohalo product
for each of the following reactions: (CBSE2017)

CH,—CH5
Bry, heat
(1) /O/ —_— 7
a
(ii) Q + HBr — 7
CH

H

OH HCL, heat
(iii) _—
HO—CH;
Ans. ()
Br
CH—CH3

/Q/CHQ_CHa Bry. heat
-
cl cl
CH3
(ii)Q\ + HBr ——> O<Br

CH;

(iii)
HCL heat /O/
—

HO—CHj Cl—LH3

" Long Answer Type Questions \)

Ql. (i) Chlorine atom of chlorobenzene Is much less
reactive as compared to chlorine atom of ethyl
chloride. Why?

(ii) What are electrophllic substitutlon reactions?
Explain its mechanism with an example of aryl
halide.

Ans. (i) In chlorobenzene. chlorine atom is directly
attached with carbon (sp?-hybridised) of benzene
nucleus and hence. chlorobenzene exhibits
following resanating structures due to + M effect

ofchlorine
|II
In the above resonating structures Il Il and IV,

Cl carrles positive charge and partlal double bond
character Is generated In carbon-chlorine band

Q Q **H>©’

(due to which bond distance decreases). Thus.
chlarine Is bound with carban of benzene nucleus
by strong attractive forces and hence, can not
be substltuted by nucleophile under normal
condltions. Thus, It Is very less reactive.
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On the other hand. in CH,CH,CL carbon of C—
Cl bond is sp2-hybridised due to which it does
not exhiblt resonance. Although. here Cl carrles
partlal negative charge (87) and C carries partial
positive charge (5*) due to—| effect of CL hence Cl
gets easily substituted by nucleophilic reagents.
Thus, it shows high reactivity.

&+ 8-
HyCH,C —>—CL or H,CH, C—Cl

(i) Electrophilic substitution reactions: The
reactions in which an electrophilic reagent
displaces another electrophile from Its place are
called electrophilic substitution reactions. These
reactlons are very common in the benzene ring
in haloarenes. This is because benzene nucleus
of haloarenes belng electron rich acts as a
source of electrons and invites the electrophile
to attack on It
Electrophilic substitution in aryl halides or
haloarenes: By the reaction of aryl halde (Uke
chlorobenzene), with chlorine in the presence
of halogen carrles (eg. Fe or FeCly). a mixture
of p-dichlorobenzene  (main _ product) and
o-dichlorobenzene is obtalned. This reaction Is an
example of electrophilic substitution reaction.

The chemical equation of this reaction is as follows:

al Cl
FEC[B
¢ ——C -1
HCl halogen carrler
Cl

o~dichlorobenzene
(by product)

Cl
Cl

p=dichlorobenzene
(maln product)

chlarobenzene

Mechanlsm: The mechanism of the above

reaction can be explained by following steps:
Step 1. Formatlon of actlvated specles le.
chloronlum lon of the reaction (which acts as
electrophile) :

ClL, +FeCly — FeCl, + CU7

alectrophile

Step 2. Formatlon of intermediate carbocation by
the attack of electrophile on chlorobenzene ring:

cl: cl:
L slow e
Q/ * Clb 7 H T
Cl

v
(mora stoble)

Cl*
- H Intermediato carbocation
cl

L
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Step 3. Formation of product by the loss of
proton from Intermediate carbocation under the
influence of FeCly .

="
+

Cl al

. _ fast
H @ + FeCly, — U + FeCly + HCL
Cl Cl

dichlarobenzene

Q2. (i) What are ambident nucleophiles? Explain with
an example.

(1) Primary alkyl halide C,H,Br (a) reacted with

alcoholic KOH to give compound (b). Compound

(b) is reacted with HBr to give (c) which is an

isomer of (a). When (a) is reacted with sodium

metal, it gives compound (d), C;H,, which is

different from the compound formed when

n-butyl bromide is reacted with sodium. Give

the structural formula of (a) and write the

equations for all the reactions. (NCERT EXENCISE)

Ans. (i) Ambidentate Nucleophiles: The molecules/

ions having two nucleophilic sites are called

ambldentate nucleophiles. e.g. cyanide lon (CN-).

It can attack elther through carbon to form

alkyl cyanide or through nitrogen to form alkyl
Isocyanlde.

:EEN e—— M= NT
| Il
(cvanide form) (lsocyanide form)
The carbon of CN- lon attacks at the electron deficient

site to form alkyl cyanide.

2CH,CH,Br + CamsN: —— CHyCH,CN +Br™
AN ethyl cyanide

On the other hand, AgCN Is a covalent compound
so it does not lonlse. Hence, its carbon Is not free to
attack Thus, In this sltuation attack takes place by N
resulting In the formation of Isocyanide.

CH3CH.Br + ARCN —— CH;CH,NC + AgBr
N athyl lsocyanide
(Il) Followlng two primary halides are possible for
the molecular formula CHqBr:
CH;

CH,CH,CH,CH,Br and CHy—CH—CH,Br
n-butyl bronvdo lsobu [y}ﬂt}nmnﬂda

Thus, the compound 'd Is elther n-butyl bromide or
lsobutyl bromide.

Since compound 'd' reacts with sadlum metal to
glve compound 'd’ (molecular formula CgH ). which
ls different from the compound that s formed
by the reactlon of n-butyl bromide with sodium.
Thus. compound '@’ must be Isobutyl bromide and
compound 'd' be 2, 5-dimethylhexane.

WUz naacuon
2CH;CH,CH,CH Br + 2Na Bl
n-buty bramide
(o}
CH3CH,CH,CH,CH,CH,CH,CHy

n—octang
CHH
2CH,-—~CH—CH,Br YUz reaction
Isobutyl bromide
(3)

CH, CHy
I I
CHy;—CH—CH, --CH, —CH—CH,
2. 5-dimethyl hexane
(d)
If compound ‘@' Is Isobutyl chloride, the compound
‘b, which Is obtained by the reaction of compound 'd’
with alcoholic KOH. should be 2-methyl-1-propene.
?Ha ClHa
KOH{alc.) haat
CHEI_CH_CHZBr dehvdr:}hahi@ennﬂnn » (Hy—C =CH,
tsobutyl bromide 2-moethyl-Fprapene
(b)
Compound b reacts with HBr according to
Markovnikov's rule to give compound ¢ So
compound ¢’ is tertiary-butyl bromide which is an
lsomer of compound ‘a* (isobutyl bromide).

i
HBr
CHH _C_CH2 " Morovnlkoy
2-mathyl-l-propone nddition

CH,

CHa—lT—CH3
B

P
tertiary-butylbromide
(anisamer of compound)

(d
Thus. compound ‘@' Is isobutyl bromide. ‘b is
2-methyl-1-propene, 'c’ Is tertlary-butyl bromlde
(lsomer of 'a') and 'd’ Is 2. 5-dimethylhexane.
Q3. (i) Write the formula of the main products formed
by the following chemical reactions:

(a) (CH),CHCI o/ athan)

(b) CHyBr + AgF -2,

(c) CH3CH,Br +Nal _ dryncotono
N,CL™

Cu/HCl
—_—

(d)

(ii) What happens when:
(@) ethyl chloride is treated with Nal in the
presence of acetone
(b) chlorobenzene is treated with Na metal in
the presence of dry ether
(c) methyl chloride is treated with KNO,.
Write chemical equations in support of your answer.
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Ans. (i) (a)
CH, CH,

| |
tH—CH— [T 2 Bl Ry e,

3 (Wurz reacton)
CHy CH,

CHy—CH— CH—CHy
2. 3-Dimethylbutane

(b) CHyBr+ AgF—"22L, CHF +AgBr
Bromomethane Elugromethane

() CHyCH,Br +Nal doyacemng

L . (Finkelstein reaction)
CH,CH,) +NaBr
lodeethane
N>CL™ Cl

3

Cu/HCL -
(d) (Sandmeyer's reaction)

+ Ny

Chlorobenzene

(i) (a) Ethyliodide is formed as a result of halogen

exchange and the reaction is known as

Finkelsteln reactlon.

CHg—Cl +Nal-SC80R8 £ He g ¢+ NaCl
Ethyl chloride Ethyl lodide

(b) Diphenylis formed and the reactlon is known
as Fittig reaction.

@C[ - INa + CL@ Anhyd. ether

Diphenyl

(c) Methyl nitrite Is formed as a result of

nucleaphilic substitution.

CH;—Cl + KNO,——CH;—0—N=0+KCl
Methyl chloride Vethyl nitrite

& Chapter Test

Multiple Choice Questions

NO,

Q1. The IUPAC name of the compound F

Is:
CH;

a. 1-fluoro-4-methyl-2-nitrobenzene
b. 4-fluoro-1-methyl-3-nitrobenzene
¢. 4-methyl-1-fluoro-2-nitrobenzene

d. 2-fluoro-5-methyl-1-nitrobenene

Q 2. Identify the compound 'Y " in the following reaction.

(NCERT EXEMPLAR)

NH
2 NaNO, + HCl cmaJ
e ¥+ N,
273-278K

Q3. Arrange the following compounds in increasing
arder of their boiling points.
CHs

™
(i) CH—CH;Br
CHy”™

b.

(i) CH,CH,CH,CH,Br
3
(iii) HsC—lc—CHs
Br
a. ()< (1) < () b. (1) < (I1) < (1)
c. (i) < (1) < (i) d. (iii) < (i) < ()
Q 4. Match the column | with column Il and mark the

appropriate choice.

Column | Column 11

(A) CHE——TH——(IZH —CH, (i) p-elimination

Br CH,
+ CH,ON0 — >
oc H,

CH, CH, —T-—-CH

(B)  CH,CH,Br __AgOH () Syt
T - nucleophilic

CH,CH,0H substitution
(C) CH,CH == CH, + HBr (i) S,2
__Paroxido nucleophilic
'''' ? substitution
CH,CH,CH,Br

(D) CH,—CH,Br +alc.KOH— | (iv) Kharasch offect
CH,uCH,

L
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a. (A)=(iv). (B)— (i). (C)— (ii). (D)—{iii)
b. (A)— (il). (B)—>(Hi) (©) (iv). (0)-()
c (A)— (). (B)— (ii). (C)— (iv). (D)—(it})

d. (A)=iii). (B)— (i). (C)— (ii). (D)—(iv)

Assertion and Reason Type Questions

Directions (Q. Nos. 5-6): Each of the following questions
consists of two statements, one (s Assertion (A) and the other (s

Reason (R). Give answer:

Qs

Q6.

a. Both Assertion (A) and Reason (R) are true and
Reasan (R) Is the carrect explanation of Assertion
(A).

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

c Assertion (A) is true but Reasan (R) is false.

d. Assertion (A) is false but Reason (R) is true.

Assertion (A): Hydrolysis of (-)-2-bromao octane
proceeds with inversion of configuration.

Reason (R): This reaction proceeds through the
formation of a carbocatlan.

Assertion (A): Nitration of chlorobenzene leads to
the formation of m-nitrochlorobenzene.

Reason (R) : - NO, group is a m-directing group.

Case Study Based Question

Q7 Nucleophilic substitution reaction of haloalkane

can be conducted according to both S 1 and S2
mechanisms. However, which mechanism it is
based on is related to such factors as the structure
of haloalkane, and properties of leaving group,
nucleophilic reagent and solvent.

Influences of halogen: No matter which
mechanism  the nucleophilic  substitution
rcaction is based on, the leaving group always
leave the central carbon atom with electron pair.
This is just the opposite of the situation that
nucleophilic reagent attacks the central carbon
atom with electron pair. Therefore, the weaker
the alkalinity of leaving group is, the more stable
the anion formed is and it will be more easier
to be substituted. The alkalinity order of halogen
ion is [~ < Br= < Cl~ < F~and the order of their
leaving tendency should be I7> Br=> CI™ >
F~. Therefore, in four halides with the same alkyl
and different halogens, the order of substitution
reaction rate is RI > RBr> RCIl > RF. In addition,
if the leaving group is very eagy to leave, many
carbocation intermediates are gencrated in
the reaction and the reaction is based on Syl
mechanism. If the leaving group is not easy to
leave, the reaction is based on §,2 mechanism.

Influences of solvent polarity: In S reaction,
the polarity of the system increases from the
reactant to the transition state, because polar
solvent has a greater stabilizing effect on the

transition state than the reactant, thereby reduce
activation energy and accelerate the reaction. In
S\2 reaction, the polarity of the system generally
does not change from the reactant to the transition
state and only charge dispersion occurs. At this
time, polar solvent has a great stabilising effect
on Nu than the transition state, thereby increasing
activation energy and slow down the reaction
rate. For example, the decomposition rate (Sy1)
of tertiary chlorobutane in 25°C water (dielectric
constant 79) is 300000 times faster than in
ethanol (dielectric constant 24). The reaction rale
(Sy2) of 2-bromopropane and NaOH in ethanol
containing 40% water is twice slower than in
absolute ethanol. In a word, the level of solvent
polarity has influence on both Syl and S 2
reactions, but with different results. Generally
speaking, weak polarsolventis favourable for S 2
reaction, while strong polar solvent is favourable
for S, 1 reaction, because only under the action
of polar solvent can halogenated hydrocarbon
dissociate into carbocation, and halogen ion and
solvents with a strong polarity is favourable for
solvation of carbocation increasing its stability.
Generally speaking, the substitution reaction of
tertiary haloalkane is based on Sy1 mechanism
in solvents with a strong polarity (for example,
ethanol containing water).

Read the given passage carefully and give the
answer of the following questions:

(i) Which alkyl halide from the following pair is
chiral and undergoes faster S, 2 reaction?

/\/\Br - \|/\

Br
(i) Give reason why ethyl iodide undergoes S, 2
reaction,
(iii) Why are 5,1 reactions accompanied by
racemisation in optically active alkyl halides?
OR

Why do the C—Cl bond length in
chlorobenzene is shorter than in CH,CL? Also,
arrange the following halides in the order of
Increasing S,,2 reactivity:

CH,CL, CH,Br, CH,CH,CL, (CH,),CHCL

Very Short Answer Type Questions

Qe.

Q9.

Write the structure of an isomer of compound
CHyBr which is most reactive towards S,1
reaction.
X
X

Out of and , which Is an example

of allylic hallde?
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Short Answer Type-I Questions

Q 10. Which alkyl halide from the following pair is
(i) chiral and (ii) undergoes S,2 reaction faster?

@ " (b) ﬁ/\
Br
QL. (i) Write the IUPAC name of the following:
H - CH,
H~ HXBr

(i) Among the isomers of pentane (C.H,,), write
the one which on photochemical chlerination
ylelds a single monochloride.

Q2. Draw the structures of the following organic
halogen compounds:

(i) 4-tert-butyl-3-lodoheptane
(i) 4-bromo-3-methylpent-2-ene
Short Answer Type-II Questions

Q13. (i) Write equation for preparation of 1-iodobutane
from 1-chlarobutane.

(ii) Out of 2-bromopentane, 2-bromo-2
methylbutane and 1-bromopentane,
which compound is most reactive towards
elimination reaction and why?

(iii) Give IUPAC name of

T
CH,—CH = CH—C—CH,
Br

Q 14. Give reasons far the following:

(i) The presence of —NO, group at ortho or para
position increases the reactivity of haloarenes
towards nucleophilic substitution reactions.

(i) p-dichlorabenzene has higher melting polint
than that of ortho aor meta isomer.

(il) Thionyl chloride method is preferred for
preparing alkyl chloride from alcohols.
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Q15. (i) Outof (CH,),C—Brand (CH;);C—I, which one
is more reactive towards S, 1 and why?

(ii) Write the product  formed when
p-nitrochlorobenzene Is heated with aqueous
NaOH at 443 K followed by acidification.

(iii) Why dextro and laevo-rotatory Isomers
of butan-2-ol are difficult to separate by
fractional distillation?

Long Answer Type Questions

Q16. (i) Write the structural formula of A, B,Cand D In
the following sequence of reaction.

alc. A HBr Nal
CHE—CH—C"'I! KOH Peroxide Dry ether
cl
.
¢ Dry ether

(i) Ilustrate Sandmeyer's reaction with the help
of a suitable example.

(iii) A compound is formed by the substitution of
two chlorine atoms for two hydrogen atoms In
propane. Write the structures of the possible
Isomers. Glve the IUPAC name of the Isomer
which can exhibit enantiomerism.

Q17. (a) Write the major product (s) in the following:

CHI—CHs Br,
() Wight *

O,N

(i) 2CH;—CH—CH ?

—_—
3 dry ether

cl
(i) CHy—CH,—Br 9%, 7
(b) Account for the following:
() The C—Cl bond length in chlorobenzene
Is shorter than that in CH,—CL
(i) Chloroform is stored in closed dark brown
bottles.
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