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NCERT Solutions for Class 12 Chemistry
Chapter 10 Haloalkanes and Haloarenes

NCERT IN-TEXT QUESTIONS

Question 1.

Write the structures of the following compounds : (C.B.S.E. Delhi 2010)
(i) 2-Chloro-3-methylpentane

(i) 1-Chloro-4-ethylcyclohexane

(i) 4-tert. butyl-3-iodoheptane

(iv) 1,4-Dibromobut-2-ene

(v) 1-Bromo-4-sec butyl-2-methylbenzene. (C.B.S.E. Sample paper 2011)

Answer:
Cl
L1 2 3 4 5 6 2
(i) CH3—(|:H—(|2H—CH2—CH3 (ii) ,
4
Cl CH,4 En
2-Chloro-3-methylpentane 1-Chloro-4-ethylcyclohexane
1 2 3 4 5 6 7
fHI,] HgC—CHz—CH— CH—CHI—CHQ—CHE,
ngﬂ—-(I:-—C]'Ig
CH
3 Br
1 4-tﬂ|’2t, butj;l-E-m:uheptan: 1 , ~CHjz
(iv) Br—CH,—CH=CH—CH,—Br ) \
1, 4-Dibromobut-2-ene
H,C—CH—CH,—CHj;

1-Bromo-4-sec. butyl-2-methylbenzene

Question 2.

Why is sulphuric acid not used during the reaction of alcohols with KI?

Answer:

H,SO, is an oxidising agent. It oxidises HI produced during the reaction to I, and thus prevents the
reaction between an alcohol and HI to form alkyl iodide. To prevent this, a non-oxidising acid like
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H.PO; is used.
2KI+H,80, — 2KHSO, +2HI;
2HI+H;80, - H,0+1,+S0,

CH,;CH,0H +KI+H,PO, —4,
CH,CH,~1+KH,PO, + H,0

Question 3.

Write the structures of different dihalogen derivatives of propane.

Answer:

Propane (CH;CH.CH:) has two primary and one secondary hydrogen atoms present. Four isomeric
dihalogen derivatives are possible. Let the halogen X be Br.

Br

1 2 3 1 23 3 2 1 12l 3
Br—CH,—CH,—CH,—Br Br—CHz—(lL‘H—CH3 CHg—CHZ—{I:H—Br CH;—(IZ—CH:,,

Br Br Br
1, 3-Dibromopropane 1, 2-Dibromopropane 1, 1-Dibromopropane 2, 2-Dibromopropane

© Question 4.

» Among the isomeric alkanes of molecular formula CsH.,, identify the one which on photochemical
-. chlorination yields

> (i) A single monochloride

- (i) Three isomeric monochlorides

» (iii) Four isomeric monochlorides.

» Answer:

The molecular formula CsH.,represents three structural isomers which are chain isomers.

CH,
I
i) CH; M?WCHS (i) CH;—CH;—CH,—CH;—CH; (iii) CH3—iIZH—C H,—CHj
CH,4 CH;
2, 2-Dimethylpropane Pentane 2-Methylbutane

(i) The isomer is symmetrical with four primary (1°) carbon atoms and one quaternary (4°) carbon
atom. Since all the hydrogen atoms are equivalent, it will yield only one monochloride upon
photochlorination i.e., chlorination carried in the presence of ultra-violet light.
CH; CH;
| hv 3 |2 "y
CH;—C—CH; + Cl —> CH3—(—CHoCl + Hel

Hs CH,

2, 2-Dimethylpropane 1-Chloro-2, 2-dimethylpropane

(i) In the straight chain isomer pentane, there are three groups of equivalent hydrogen atoms. As
a result, three isomeric monochlorides are possible.

Eduranka.com/chemistry

///////////////////////////////////////////////////////////////////////////////////////////////////////
»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»

<

ve
€
R e e T i T e L Y N  a a T Y  a a e  a RE  R a



////////////////////////////////////////////////////////////////////////////////////////////////////////

E-I:::.-__.----:::r—'-.—c-::-

@ ®» © ® @ w5 4 3 2 1
CH;—CH,—CH,—CH,—CH; + Cl; —> CH;—CH,—CH,—CH,—CH, Cl

Pentane 1-Chloropentane

5 4 3 2 1 5 4 3 2 1
+ CH3—CH2—CH2—(|3H~—CH3 + CH3—CH2—(I3H—CH2—CH3
Cl Cl
2-Chloropentane 3-Chloropentane
(i) The branched chain isomer has four types of equivalent hydrogen atoms present. It will give'
four isomeric monochlorides upon chlorination.

Cl
{a) {b) fc) fd) hy 2 3 4 5 1 2l 3 4
CH3—CH—CH;—CH3 + Cl; —> Cl-CH—CH,—CH,—CH; + CH;—C—CH,—CHj
|

1
fa) CH3 CH:] CH3

2-Methylbutane 2-Chloropentane 2-Chloro-2-methylbutane

4 3 2 1 4 3 2 1

CH;—?H—?H—CH3 + CH3--(I':H—-CH2-—-CH2——CI
CH; CI CH,

2-Chloro-3-methylbutane  1-Chloro-3-methylbutane

Question 5.
Draw the structures of the major monohaloproducts in each of the following reactions:

H,CH
OH -3 Br heat or

(i) + SOCl; — (if) —>U‘v."gm

O,N
(C.B.S.E. Delhi 2009)
CH,0H CH,
(i) + HCl — (iv) +HI—

OH
(C.B.S.E. Outside Delhi 2009, 2016)

heat
(v) CH;CH;Br + Nal —» (vi) + Br; m

Answer:
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N + SO, + HCI

OH
(i) O/ + SOCl,

Cyclohexanol Chlorocyclohexane
Br

3
CH,CH;, . L _A\4 CHCH;
(ii) + Br}'—)ﬂ.'\f.]igm . + HBr
O,N O,N

4-Ethylnitrobenzene 4-(1-Bromoethyl)-1-nitrobenzene
As the benzylic free radicals are more stable (secondary), therefore benzylic hydrogen is abstracted in this case.

CH,0H CH,CI
(i) }©j + HCI — 1 3 + H,0
HO HO” ™

2
4-Hydroxymethylphenol 4-Chloromethylphencl
Phenolic group is not replaced by Cl on reacting with HCI.

CHj (Markownikov's Rule) CH;
(iv) + HI » I

1-Methylcyclohexene 1-lodo-1-methylcyclohexane

v CH;CH,Br + Nal ——3 CH,CH,I + NaBr
Bromoethane Iodoethane

The reaction is carried in the presence of dry acetone upon heating. It is called Finkelstein
reaction. In this reaction, |- ion being a stronger nucleophile displaces Br- ion. NaBr formed is
insoluble in dry acetone whereas Nal dissolves. This shifts the equilibrium in the forward direction.
Br
3
heat or 2
(vi) + Bry — + HBr
U.V.light 1
Cyclohexene 3-Bromocyclohexene

Under the reaction conditions allylic halogenation will take place. Addition of bromine can be
possible in case the reaction is carried at room temperature.

Question 6.

Arrange each set of compounds in order of increasing boiling points.
(i) Bromomethane, Bromoform, Chloromethane, Dibromomethane.
(ii)1-Chloropropane, Isopropyl chloride, 1-Chlorobutane.

Answer:

(i) Chloromethane < Bromomethane <

Dibromomethane < Bromoform

The reason is:

(a)for same alkyl group, B.Pt increases with size of halogen atom.
(b)B.Pt increases as number of halogen atoms increase.
(ii)Isopropyl chloride < 1 = Chloropropane < 1 — Chlorobutane
Reason :
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(a)For same halogen, B.Pt. increases as size of alkyl group increases.
(b)B.Pt. decreases as branching increases.

Question 7.
Which alkyl halide from the following pairs would you expect to react more rapidly by
Sw- mechanism ? Explain your answer.

fﬂ CHJCH;CH;CH;BI‘ or CH3,CH2CI,HCH3

Br
H;
(ii) CH;CH,;CHCH; or CH;—C—Br (C.B.S.E. Outside Delhi 2015)
lllr (|3H3
(iiii) CH3(|3HCH2CH2B~1' or CH3CH:(I!HCH2BI' (C.B.S.E. Outside Delhi 2015)
CH; CH;

Answer:

If the leaving group is the same in different isomers of a particular molecular formula, the
reactivity of the isomers towards Sy-mechanism decreases with the increase in steric hindrance.
In the light of above, the reactivity order in different cases is :

(i) CHsCH,CH,CH,Br is a primary alkyl halide (1°). It is more reactive than the other isomer which is
a secondary (2°) alkyl halide because less steric hindrance is caused by primary alkyl group as
compared to secondary alkyl group.

(i)

CHyCH;GHCH,

Br is a secondary alkyl halide (2°). It is more reactive than the other isomer which is
a tertiary alkyl halide (3°). The explanation is the same.
(iii) Here both the isomers are primary alkyl halides (1°). However, the isomer with CH group at
C, atom exerts more steric hindrance to the attacking nucleophile at C, atom as compared to the
other isomer in which a CH; group is attached to C; atom. It is, therefore, less reactive.

4 3 2 1 4 3 2 1
EHgf.i:HCHCHEBr CH;CH;(IZHCHEBr
CH; CH;
Less steric hindrance(l) More steric hindrance(IT)
Question 8.

In the following pairs of halogen compounds, which compound undergoes reaction faster ?
(C.B.S.E. Delhi 2008, Outside Delhi 2010, 2013)

Cl cl Cl
0 41\ and \)\/ (i) /\/\/l\ and NN
(a) (b) (a) (b)
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Answer:

The reactivity of a particular halogen compound towards Sy.reaction depends upon the stability of
the carbocation formed as a result of ionisation. This is a slow step and is called rate determining
step. The order of relative stabilities of different carbocations is in the order : tertiary > secondary
> primary. In the light of this, the order of reactivity in the two cases is explained.

1. The isomer (a) is a tertiary alkyl chloride while the other isomer (b) is a secondary
alkyl chloride. The isomer (a) is more reactive towards S i reaction since the tertiary
carbocation formed in this case is more stable than the secondary carbocation which
is likely to be formed in the other case.

2. Theisomer (a) is a secondary alkyl chloride while the other isomer (b) is primary in
nature. The secondary alkyl chloride (a) is expected to react faster since the
secondary carbocation formed is more stable than the primary carbocation which is
likely to be formed in the other case.

Question 9.
Identify A, B, C, D, E, R and R’ in the following :

dry ether H20
() Br+ Mg—— A—B

dryether D20
(i) R — Br + Mg » C — CH;CHCH,

CH; CH,4
Ma/ether Mg H30
(iii) H3C—C—C—CH;3 ¢——— R'—X —>D——E

CH; CH,
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dry ether H30
(i) <:>—Br +Mg —* MgBr — <:> + Mg(OH)Br

Bromocyclohexane Cyclohexyl mag. bromide Cyclohexane
(A) (B)

(ii) In this reaction, the alkyl group R is (CH3),CH— The reaction proceeds as follows :

dry ether D20
CH3—~{I:H_Br + Mg —— CH3—(|3H—MgBr —3 CH;—{IZH—D + Mg(OD)Br
CH; CHj; CH;
Isopropylbromide Isopropyl mag. bromide 2-Deuteriopropane

(€)

(iii) In this reaction, R' is (CH;) C-group. The reaction proceeds as follows :

CH3 CH:; CHS CH;} CH3
| I Na/ether | Mg HA0 |
CH3;—C—C—CH3 ¢——— CH3—C—X — CH;—C—MgX —» CH;—C—H + Mg(OH)X
| | Wurtz reaction | | [
CH; CH; CH; CH;, CH,4
2, 2, 3, 3-tetramethylbutane Grignard reagent 2-Methylpropane {E)
(D)
NCERT EXERCISE

Question 1.
Name the following compounds according to IUPAC system and classify them as alkyl, allyl,
benzyl (primary, secondary, tertiary) vinyl or aryl halides.
(i) (CH;),CHCH(C1)CH; (C.B.S.E. Delhi 2013)

(if) CH;CH,CH(CH;)CH(C.Hs)Cl

(iii) CHsCH.C(CHs).CH.!

(iv) CH3C(C1)(C,H5)CH,CH;

(v) CH,.C(C;Hs),CH.Br

(vi) CH,CH=C(C1)CH,CH(CHs,),

(vii) CH,=CH-CH.-Br

(viii) CH;CH=CHC(Br)(CH.),

(ix) m-C1CH,C:H,CH.C(CH:)3

(x) o-BrCsH,CH(CH5)CH,CH;

(XI) (CHa)sCCHzCH(BI’)CSHs

(xii) p-CICsH.CH,CH(CHs).

Answer:
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4 3 21 6 5 4 3 2
ﬁjCH3—{|3H—!|:H—CH3 (i) CH3—CH1—(|JH-(1:H—C2H5
CH; CI CH; Cl

2-Chloro-3-methylbutane 3—Chlum—4=meﬂ'!ylhexanﬂ
(2° alkyl halide) (2° alkyl halide)

2
CH;' C,H,
4 3 2& 3 ?ﬂ: 4 5
i) CH3—CHy—C—CHy—1 @ CHy—C—Ci—CH
CH, Cl

1-lodo-2, 2-dimethylbutane 3—Ch]om—3—me!lglp&n13.ne
(1° alkyl halide) (3° alkyl halide)

’c,H

%1 ° 1 2 3 4 5 6
(v) CH3—C—CHy—Br (vi) CH;—CH=:I3+-CH1—CH—CH3

°C,Hs Cl CH,

3-Bromomethyl-3-methylpentane 3-Chloro-5-methylhex-2-ene
(1° alky] halide) (Vinyl halide)
CH;
1 23 Lo ] 2 3 4| s
(vii) CH,=CH—CH,—Br (viii) CH;—CH=CH-—(|3—CH3
Br
3-Bromoprop-1-ene 4-Bromo-4-methylpeni-2-ene
(Allyl halide) (Allyl halide)

CH,4
-:1:H Z(IZ 1‘.321-1 1 2 3
s 2] H,;C—CH—CH,—CH,
* CH, A Br
(ix) 1 (x)
CH,Cl
1-Chloromethyl-3-(2, 2-dimethylpropyl) 1-Bromo-2-(1-methylpropyl)
benzene (Benzylic halide) benzene (Aryl halide)

Cl
CH, 1

4 3l 2 i )
(xi) CH3—{|3—CH3—(|3H-—BI' (i)
CH;  CgHs

2

3
114 2 3
CH,—CH—CH,;
1-Bromo-3, 3-dimethyl-1-phenylbutane ‘!-:HE
(Benzylic halide)

1-Chloro-4-(2-methylpropyl) benzene
(Aryl halide)
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Question 2.
Give the IUPAC names of the following compounds :

(i) CH;CH(CDHCH(Br)CH; (i) CHF,CBrCIF
(ifi) CICH,C=CCH,Br (i») (CCly); CCl
(v) CH;3C(p-CICgH4),CH(Br)CH; (vi) (CHj3); CCH = C(Cl) CgH,l-p.

Answer:
Cl

4 3 2 (]: . 2 1l

Cl Br F F
2-Bromo-3-chlorobutane 1-Bromo-1-chloro-1, 2, 2-trifluoroethane

Cl

Cl Cl—é —Cl1 C1

4 3 2 1 ) 1 ol 3|
(iii) Cl—CH,—C=C—CH,—Br (iv) Cl—(lj C (lj—Cl
Cl él Cl

1-Bromo-4—-chlorobut-2-yne 1,1,1,2,3,3 3-hepatachloro-2-(trichloromethyl) propane

Cl

r CH3 Cl

4 I3 ]ilz 1 o4 alo2
v} H3C—C——CH—CHj,4 vi) ch—r.l:—CH=c I

CH,

1-Chloro-1-(4-iodophenyl)-3,3-dimethylbut-1-ene
Cl

2-Bromo-3,3-bis(4-chlorophenyl) propane

Question 3.

Write the structures of the following compounds :
(i) 2-Chloro-3-methylpentane

(ii) 1-Chloro-4-ethylcyclohexane.

(iii) 2-(2-Chlorophenyi)-1-iodooctane

(iv) 4-tert. butyl -3-iodooctane

(v) 1, 4-Dibromobut-2-ene

(vi) 1-Bromo-4-sec.butyl-2-methylbenzene.
(vii) p-Bromochlorobenzene

(viii) Perfluorobenzene

Answer:
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i
,CH,CH,

2

5
3

4
Cl
4
CH—(lfH —CH

—CH,—CHj

CH;
C(CHs);

CH—?I:H
Br

F

F

4

3
3

(iii) I—CH,CHCH,CH,CH,CH,CH,CH,4

3

CH—CH

|

P w8 . wm o «a—=m o= b= =

Which one of the following has highest dipole moment?

=
k2]
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w o g =B ¢ < = = =
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CCl, is a symmetrical molecule. Therefore, the dipole moments of all four C-Cl bonds cancel each
other. Hence its resultant dipole moment is zero.

As shown in the above figure, in CHCI;, the resultant dipole moments of two C-Cl bonds is opposed -
by the resultant dipole moments of one C-H and one C-Cl bond. Since the resultant of one C-H and
one C-Cl bond is smaller than the resultant of the two C-Cl bonds dipole moments, the opposition
is to a small extent. As a result CHCI; has a small net dipole moment.

On the other hand, in case of CH,,Cl, the resultant of the dipole moments of two C-Cl bonds is
strengthened by the resultant of the dipole moments of two C-H bonds. As a result, CH.Cl, has a
higher dipole moment. Hence CH,CI, has the highest dipole moments among the three
compounds.

Hence, the given compounds can be arranged in the increasing order of their dipole moments as

b
b
b
b
b
b
b
b
b
b
]
b
]
b
]
b
]
b
]
b
]
b
]
b
]
b
]
b
]
b
]
b
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b
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b
]
b
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N
b
N
b
N
b
N
b
N
b
N
b
N
b
N
b
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b
N
b
N
b
N
b
N
b
N
b
N
b
N
-> CCl, < CHCI; < CH.CI
N 4 < 3< 2Ll
b
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b
b
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b
b
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b
b
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b

Question 5.

A hydrocarbon CsH., does not react with chlorine in dark but gives a single monobromo compound
in bright sunlight. Identify the hydrocarbon.

Answer:

A hydrocarbon with the molecular formula, CsH,, belongs to the group with a general molecular
form C,H... therefore, it may either be an alkene or a cycloalkane since hydrocarbon does not react
with chlorine in the dark, it cannot be alkene. Further, the hydrocarbon gives a single monochloro
compound, CsH,Cl by reacting with chlorine in might sunshine since the formed compound is
monochloro one all the C-H bonds should be equivalent. Hence the compound should be a
cycloalkane. Hence the compound is CsH., (cyclopentane).

Cl
Sun light
+Cly — + HCl
Cyclopentane Chlorocyclopentane

Question 6.

Write the isomers of the compound having the formula C,H,Br. (Haryana Board 2013)
Answer:

The compound has the following structural isomers.
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4 3 2 1 4 3 2*
(i) CH;—CH,—CH,—CH,—Br (ii) CH_-,—CHE—(.I?H—(EH}
Br
1-Bromobutane 2-Bromobutane
|
CH,
o 3 21 & _ 2
{iii) CH3-(IIH~— H,—Br (iv) CH3—('IJ—Br
CH3 3CH3
1-Bromo-2-methylpropane 2-Bromo-2-methylpropane

2-Bromobutane has a chiral carbon and it is expected to exhibit optical isomerism.

Question 7.

Write equations for the preparation of 1-lodobutane from :
(a) Butan-1- ol

(b) 1-Chlorobutane

(c) But-1-ene.

Answer:
f@ CH;CH,CH,CH,OH + HI —— CH;CH,CH,CH;I + H,O
Butan-1- ol 1-lodobutane
(CH30H)
() CH;CH,CH,CH,Cl] + Nal ﬁ* CH;CH,CH,CH-I + NaC(Cl
1-Chlorobutane 1-Iodobutane
{ Peroxide) KI
(¢ CH3CH,CH=CH; + HBr —* CH;CH,CH,CH;Br m" CH3;CH;CH,CH,1
But-1-ene 1-Bromobutane I-lIodobutane

Question 8.

What are ambident nucleophiles? Explain with an example.

Answer:

Nucleophiles which can attack through two different sites are called ambident nucleophiles. For
example, cyanide ion exists as a hybrid of the following two structures. It can attack either

[:cEN: <> c=N:
through carbon to form cyanides (or nitriles) or through nitrogen to form isocyanides (or carbyl
amines). For more details, consult section 11.7.

Question 9.

Which compound in the following pairs will react faster in the Sn2 reaction?

(1) CH;Br or CHal

(1) (CH;)sCCl or CH;CI (C.B.S.E. 2008)

Answer:

1. In the Sy2 mechanism the reactivity of halides for the same alkyl group increase in order. This
happens because as the size increases the halide ion becomes a better leaving group.
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R-F << R-CI<R - Br<R-l
Therefore, CHsl will react faster than CH;Br in Sy2 reaction with image 17.

2. The S\2 mechanism involves the attack of the nucleophile at the atom bearing the leaving
group. But, in the case (CHs); CCl, the attack of the nucleophile at the carbon atom is hindered by
the presence of the bulky substituents on that carbon atom bearing-the leaving the group in CH;Cl.

Hence CH;Cl reacts faster than (CH); CCl in S\2 reaction with OH®.

Question 10.

Predict all the alkenes that would be formed by dehydrohalogenation of following alkyl halides
with sodium ethoxide in ethanol.

(i) 1-Bromo-I-metbylcyclohexane

(ii) 2-Chloro-2-methyl butane

(i) 3-Bromo-2, 2, 3-trimethylpentane.

Answer:

(i) 1-Bromo-I-methylcyclohexane has two B-hydrogen atoms. This will give a mixture of two
alkenes as a result of dehydrohalogenation. Since alkene (B) is more substituted according to
SaytzefFs rule, it is more stable and will be the major product. The same rule applies to the other
alkyl halides also.

Br. o CH3 CHE CH3
H CH50ONa/C3H5OH
1-Bromo-1-methylcyclohexane Methylidinecyclohexene (A) 1-Methylcyclohexene (B)
(Minor product) (Major product)

(ii) The compound has two sets of B-hydrogen atoms. Therefore, two elimination products are
formed. However, a more substituted alkene is formed in greater proportion as compared to a less
substituted alkene.

B

£H3 CaH50Na/CaH50H EH3 j; 3
CH; I-—CH:—CH; > CH;=C—CH;—CH; + CH3;—C=CH—CH,

Cl
2-Chloro-2-methylbutane 2-Methylbut-1-ene 2-Methylbut-2-ene
(Less substituted) (More substituted)
(Minor product) (Major product)

The explanation is similar. More substituted alkene is formed in preference to less substituted
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‘EH3 FH3|3 C3Hs0Na/CyH50H CHy CHs
fIH} CH3_I__?_CH2_CH3 * CHg——fI:——CZCH—C:Hs

CH3 Br CH3

3-Bromo-2, 2, 3-trimethylpentane 3, 4, 4-Trimethylpent-2-ene
({More substituted)

|
* CHsC——(—CH,—CH, E
CH; CH,

2-Ethyl-3, 3-dimethylbut-1-ene
(Less substituted)

Question 11.

How will you bring about the following conversions? (Haryana Board 2011)
(i) Ethanol to but-1-yne

(ii) Ethane to bromoethane

(iii) Propene to 1-nitropropane
(iv) Toluene to benzyl alcohol

(v) Propene to propyne

(vi) Ethanol to ethyl fluoride

(vii) Bromometbane to propanone
(viii) But-1-ene to but-2-ene

(ix) 1-Chiorobutane to n-octane
(x) Benzene to biphenyl

Answer:
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S0CI, CH=CNa
—_>
(i) CH;CH,OH m CH;CH,Cl NaCl CH3;CH,C=CH
Ethanol Chloroethane But-1-yne
Ligquid NH3
(CH=CH + NaNH, WCHECN& + NH3)

Br

@) CH;—CH, (hv/520-670K) CH;—CH,—Br + HBr

Ethane Bromoethane

HBr AgNO;

H H=CH, —— CH;—CH,—CH,—B CHy—CH,—CH,—N
(iii) CH3;—C 2 peroxide) 3 2 2 fﬂ 3 2 »—NO,

Propene 1-Bromopropane 1-Nitropropane
CH 3 2{31 C HEDH

Clz /Boil KOH {aq}

(iv)

Toluene Benzyl chloride Benzyl alcohol

Br KOH (alc.)
W CH;-CH=CH, —?* CH3—CH—CH, — CH;—-=C=CH
Propene P ne
Br Br
1,2-Dibromopropane

S0Cl3 HgaF

i ey —
() CH;CHOH  ——>  CHyCH)Cl ——> CH;CHF

Ethanol Chloroethane Fluoroethane
(Ethyl fluoride)
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KCN{alc) CH3MgBr _ —Mg(OH)Br, —NH3
(vii) CH;Br ——— CHyC=N ——> |CH3—C=NMgBr —— CH;—C=0
_KBr (ether) CH Ho0/H |
3 CH,
Bromomethane Acetonitrile Propanone
HBr KOH (alc.)
(vitij CH3;—CH,—CH=CH, —* CHg—CHz—{l:H—CHg —* CH;—CH=CH—CH;
Br
But-1-ene 2-Bromobutane But-2-ene
ether /dry

()  CH;—CH,—CH,—CH,—Cl + 2Na > CH3(CHy)CH; + 2NaCl

{ Wurtz reaction)

1-Chlorobutane n-Octane
BlszﬂBI?, 2Na/ether (dry)
(x) » + 2NaBr
( Fittig reaction)
Benzene Bromobenzene Biphenyl

Question 12.

Explain why:

(i) Dipole moment of chlorobenzene is lower than that of cyclohexyl chloride (C.B.S.E 2016)
(i) Alkyl halides though polar, are immiscible with water.

(iii) Grignard reagents should be prepared under anhydrous conditions.

Answer:

. Cl
sp* hybridised sp* hybridised
(i)

Chlorobenzene Cyclohexyl chloride
The polarity of C- Cl bond in chlorobenzene is less than that of same bond in cyclohexyl chloride
because of carbon atom involved in chlorobenzene is more electronegative (greater s-character)
as compared to the carbon atom in case of cyclohexyl chloride (lesser s-character). Therefore, the
dipole moment of chlorobenzene is less with respect to cyclohexyl chloride.

(i) In water, H,O molecules are linked to each other by intermolecular hydrogen bonding. Although
alkyl halides also contain polar C — X bonds, they cannot break the hydrogen bonding in H,0
molecules. This means that there is hardly any scope for the association between molecules of
alkyl halides and water. They, therefore, exist as separate layers and are immiscible with each
other. For more details, consult section 11.6.

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

R—Mg—X + H0 —> R—H + Mgl
Grignard reagent Alkane OH

That is why ether used as solvent in the preparation of Grignard reagent is completely anhydrous
in nature.
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Question 13.
Give the uses of freon-12, D.D.T., carbon tetrachloride and iodoform?
Answer:

1. Freons are the trade names for the commercially used fluoro chloromethanes with
the formula CF,Cl, (x +y = 4). A few examples are:
CF, (Freon-14), CFsC1 (Freon-13), CF,Cl, (Freon-12), CFCl; (Freon-11)
Out of the various freons mentioned, Freon- 12 is the most common refrigerant. It is
prepared by passing hydrogen fluoride
through carbon tetrachionde in the presence of antimony trichioride catalyst.
ShCl3
CCly + 2HF — CChLF, + 2HCI
Dichlorodifluoromethane
{Freon-12)
in addition to their use as refrigerants in place of highly toxic liquid sulphur dioxide
(S0,) and ammonia (NHs), large amount of CFCs are also used in the manufacture of
disposable foam products such as cups and plates, as aerosol propellants in spray
cans and as solvents to clean freshly soldered electronic circuit boards.
2. D.D.T.is the abbreviated form of p, p’-dichlorodiphenyltrichloroethane and its actual
IUPAC naine has been given above. It is
prepared by heating chiorobenzene with chlorai (trichioroacetaldehyde) in the
presence of conc. H,S0,
2NaOH + [, — NaOl + Nal + H,O

Sod. hypoiodite
CH3;CH,OH + NaQH __(oxidaten)  CH,CHO + Nal + H;O
Ethyl alcohol Acetaldehyde
CH;CHO + 3NaQl _ Uudination) . CJ3CHO + 3INaOH

Tri-iodoacetaldehyde
(lodal)
CH;CHO + NaOH ———— CHI;  + HCOONa
Iodoform Sod. formate

3. Carbon tetrachloride (CC14) is also a colourless oily liquid just like chloroform. It is
completely immiscible with water but
dissolves in organic solvents.

Carbon tetrachloride is a very useful solvent for oils, fats, resins etc. llls used as a
cleansing agent both in industry and in home because it can easily dissolve grease
and other organic matter. But it mainly finds application for the manufacture of
refrigerants, propellants for aerosol cans and some pharmaceuticals.

4. lodoform is a yellow crystalline solid with a characteristic unpleasant smell. It is
insoluble in water but dissolves in alcohol, ether and other organic solvents.
lodoform can be prepared in the laboratory by treating ethyl alcohol or acetone with
sodium hydroxide and iodine. The reaction is known as haloform or iodoform
reaction.

5. Physiological effects: lodoform is used as an antiseptic, particularly for dressing
wounds. Actually, on coming in contact with skin (organic mater) it decomposes and
slowly loses iodine which accounts for the antiseptic properties of iodoform.
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Question 14.
Write the structures of the major products in each of the following reactions :

. (Acetone) . (Ethanol)
(i) CH;—CH—CH;—Cl + Nal W (i) (CH;);CBr + KOH —-W
)

Water Ethanol (ag)
(i) CH;CH(Br) CH,CH; + NaOH —— (iv)  CH;CH,Br + KC(N ———>
(v) CgHsONa + C,HsCl ——> ()  CH;CH,CH,OH + SOCl; —>

{ peroxide)
(vii) CHyCH,CH = CH, + HBr ———  (vii)) CH;CH = C(CHy); + HBr —>

Answer:

(acetone )
i) CH3—CH;—CH;—Cl + Nal —— CH3;—CH;—CHp—I + NaCl

1-Chloropropane 1-lodopropane

)
)
)
)
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
)
b
N
b
N
b
N
b
N
b
N
b
N
b
N
N CH CH
> 3 2
b
-3 (ethanol) |
Ty
o i — e — + H,0
v (i) CH;—C—Br + KOH CH;—C + KBr 9
s heat
Ty
N
b
N
b
N
b
N
b
N
b
N
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

CH, CH,
2-Bromo-2-methylpropane 2-Methylpropene

Water

(iii) CH3—{I:H—CH2——CH3 + NaOH mﬂﬂa—ffﬁ—ﬂﬁz—CHg + NaBr + H,0

Br OH
2-Bromobutane Butan-2—ol
ethanol (ag)
(iv) CH,;CH;Br + KCN ——— CH;—CH,—C=N + KBr
Bromoethane Propanenitrile
Williamson's
v) CsHsONa + C,HsCl “‘;"‘—;’ CgHs—O0—C,H; + NaCl
Sod. phenoxide Ethyl chloride Phenetole
(pyridine)
(vij CH;—CH,—CH,—OH + SOCl; ——— CH;—CH;—CH;—Cl + 50, + HCI
Propan-1-ol 1-Chloropropane
(Peroxide)
(vii) CH;—CH,—CH=CH, + HBr —* CH3—CH,—CH;—CH,—Br
But-1-ene 1-Bromobutane
; ?Hl Markownikov $H3
whnikov's
L viii) CH3—CH=C—CH; + HBr ———> CHa—CHz—‘f—Cﬂﬁ
Br
2-Methylbut-2-ene 2-Bromo-2-methylbutane

. Question 15.
. Explain the following reaction: (C.B.S.E. Delhi 2009 Comptt.)
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Et—OH/H20
nBuBr + KCN —— nBuCN

Answer:
KCN is a resonance hybrid of two contributing structures :

K*CEN: «— :c=N]
This shows that the cyanide ion is an ambident nucleophile and the nucleophile attack is possible
either through carbon atom or nitrogen atom resulting in cyanides and isocyanides respectively. In
this case, in the presence of polar solvent, KCN readily ionises to furnish ions. The nucleophile
attack takes place predominantly through a carbon atom and not through nitrogen atom as C- C
bond is more stable than C -N bond.

&
K*CN- + CH:;—CHE—'—CHE-'—*CIEECE\-F—} CH;—CH;—CH,—CH,—C=N + Br®
n-Butyl bromide n-Butyl cyanide

Arrange the compounds of each set in order of decreasing reactivity towards (S\:) displacement:
(a) 2-Bromo-2-methylbutane, 1-Bromopentane, 2-Bromopentane
(b) 1-Bromo-3-methylbutane, 2-Bromo-2-methylbutane, 2-Bromo-3-methylbutane
(c) 1-Bromobutane, I-Bromo-2, 2-dimethylpropane, I-Bromo-2-methylbutane, I-Bromo-3-
methylbutane. (C.B.S.E. Outside Delhi 2011)
. Answer:
. The reactivity of a particular haloalkane towards Sy2 reaction is inversely proportional to the steric
> hindrance around the carbon atom involved in C — X 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 is as
. follows :

Br
@ CH,CH,CH,CH,CH,;Br > CH3;CHCH,CH,CH; > CHgéCHEEH:._
l!lr (i'JH3
1-Bromopentane (1°) 2-Bromopentane (2°) 2-Bromo-2-methylbutane (3°)
Br
) CH,CHCH,CH,Br > CH;CH—CH—CH; > CH3—'[|:‘—CH2—CH3
\ (|3H3 ]Iar IEJH3 (I:I-I3
: 1-Bromo-3-methylbutane (1°) 2-Bromo-3-methylbutane (2°) 2-Bromo-2-methylbutane (3°)
CH,
{¢) CH;CH,CH,CH,Br > CH;CHCH,CH,;Br > CH;CH,CHCH;Br > CH3—(|;‘—CH2E!1'
1‘!3H3 (i:H3 (IIH3
1-Bromobutane (1°) 1-Bromo-3- 1-Bromo-2- 1-Bromo-2, 2-
methylbutane (1°) methylbutane (1°)  dimethylpropane (1°)
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Question 17.

Out of C¢HsCH.CI and C¢HsCH(C1)CsHs which is more easily hydrolysed by aqueous KOH?
Answer:

The compound C¢HsCH,Cl is a primary aralkyl halide while CsHsCH(CI)C¢Hs is secondary in nature.
The hydrolysis of both these compounds with aqueous KOH (polar) is likely to proceed by

Sw mechanism due to the following reasons.

(a) The carbocations formed in both the cases as a result of ionisation are resonance stabilised
due to the presence of phenyl groups at the a-position(s).

(b) As water is a polar solvent, it is expected to favour ionisation of the two halogen-substituted
compounds leading to Sy mechanism.

The carbocations that are formed as a result of ionisation in the slow steps are shown :

lonisatio &
CﬁHS—CHZDC] 4" CﬁHj—CHI + CI- (Slﬂw SICP]
E:le_[nzyl chloride 1°~Carbocation
ionisation 1]
CeHs—C—CeHs —— CH;—CH—C4H; + CI° (slow step)
1
1-Chloro-1,1-diphenyimethane 2°_Carbocation

The ease of hydrolysis depends upon the relative stability of the carbocation/s that are formed in
two cases. The secondary carbocation is more stable since the positive charge on the carbocation
is delocalised on two phenyl groups that are present at the a-positions. On the other hand, there is
only one phenyl group in primary carbocation available for charge delocalisation.

Thus, we may conclude that CsHsCHCIC¢Hs is more easily hydrolysed by aqueous KOH as
compared to CsHsCH.CI.

Question 18.

p-Dichlorobenzene has higher m.p. and lower solubility than those of o-and m-isomers. Discuss.
Answer:

p-dichlorobenzene has a higher melting point than its o-isomer due to the symmetry of the p-
isomer that fits in the crystal lattice better than the o- or m- isomer. Therefore, it has stronger
intermolecular forces of attraction than o- and m- isomers, and thus greater energy are required to
break crystal lattice to melt or dissolve the p-isomer than the corresponding o- and m-isomers. In
other words, the melting point of the p-isomer is higher and its solubility is lower than
corresponding m- and o- isomers.

Question 19.

How the following conversions can be carried out?
(i) Propene to propan-1-ol

(ii) Ethanol to but-1-yne

(iii) 1-Bromopropane to 2-bromopropane

(iv) Toluene to benzyl alcohol

(v) Benzene to 4-bromonitrobenzene

(vi) Benzyl alcohol to 2-phenyl ethanoic acid

(vii) Ethanol to propane nitrite

(viii) Aniline to chlorobenzene

(ix) 2-Chlorobutane to 3, 4 — dimethyl hexane

(x) 2-Methylpropene to 2-chloro-2-methylpropane
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(xi) Ethyl chloride to propanoic acid

(xii) But-l-ene to n-butyl iodide

(xiii) 2-Chloropropane to propan-I-ol

(xiv) Isopropyl alcohol to iodoform

(xv) Chlorobenzene to p-nitrophenol

(xvi) 2-Bromopropane to 1-bromopropane
(xvii) Chloroethane to butane

(xviii) Benzene to diphenyl

(xix) tert-Butyl bromide to isobutyl bromide
(xx) Aniline to phenyl isocyanide.

Answer:

HBr KOH (ag)
(i) CHy3—CH=CH, —————— CH;—CH,—CH,—Br — CHy—CH,—CH,—OH

Propene 1-Bromopropane Propan-1-ol
(i) For answer, consult answer to Q. No. 11. ;
KOH (alc.) HBr
(iii) CH3—CH,—CH;—Br ——— CH3;—CH=CH, — CH;-(EH—CH;,

Br
1-Bromopropane Propene 2-Bromopropane

Eduranka.com/chemistry

///////////////////////////////////////////////////////////////////////////////////////////////////////
»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»




¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
4
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
<
¢
-

P w8 . wm o «a—=m o= b= =

CH,ClI CH,0H
r_'11 (Boil) KOH l‘_aqr )
(iv)

Toluene Benzyl chloride Benzyl alcohol

Br Br
Bry /FeBry HNO4 /H2504
v) > :

NO,

Benzene Bromobenzene 4-Bromonitrobenzene

I 1
CH,OH CH,CI CH,CN CH,COOH

PCI5 m:n 2H10‘."H+
(vi)

Benzyl alcohol  Benzyl chloride  Benzyl cyanide 2-Phenylethanoic acid

PL/1y KCN
(vij) CH;—CH,—OH — CH3;—CH,—1 — CH3;—CH,—C=N

Ethanol lodoethane Propanenitrile

NH, N,Cl
Diazotisation (ice m]dj D,LCU HCl
viii
(vity) MaNO9 /HCI

Aniline Benzene Chlorobenzene

diazonium chloride
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anhyd. ether
2-Chlorobutane 3, 4-Dimethylhexane

Cl

ix) 2 CHs—CHz—(IIHwCl — CH;—CH:—(IIH—II?H—CHZ—CHJ + 2NaCl

) CH3—C=CH, ﬂ CHs—lI:—-CH3
tn, Ly
2-Methylpropene 2-Chloro-2-methylpropane
KCN 2H20/H"
(xi) CH3—CH,—C! — CH3;—CH,—C=N — CH3;—CH,—COOH
Ethyl chloride Ethyl cyanide Propanoic acid
HBr Nal
(xii) CH3CH,CH = CH;——" CH;CH,CH,CH,Br —}CH_:,CHECHECHEI
But-1-ene n-butyl bromide n-butyl iodide
KOH (alc) BaHg

(xiii) CH3—{|:H—CH3 —* CH;—CH=CH, m CH;—CH,—CH,—O0H
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, CH_CH K2Crp07/Ha504 Il I3/ Na.zCGg*
(xiv) CHg—l — 3 (oxidation) > CHy—C—CH; ——> CHI3
OH

Isopropyl alcohol Propanone Iodoform

Cl
NaDH
Dil H]m;
623 K /300 atm

Chlorobenzene Phenol p-nitrophenol

KOH (ale.) HEBr
{xvi) CHa—{i:H—CH3 — CH3;—CH=CH, {R—:"]‘ CH;—CH,—CH;—Br

Br

2-Bromopropane Propene 1-Bromopropane

anhy . ethe
(xvii) CH3—CH,—Cl1 + 2Na + Cl—CH,—CH; > " CH;—CH,—CH,—CH; + 2NaCl

Chloroethane Butane
{xviii) For answer, consult answer to (). No. 11,

CH CH
> KOH (ak) [ HBr (Ha

|
(xix) CH;—[F: CH3 kBr. Hf_}} CH:;— CHZ {_'_'_'_"'_: CHj— H—CHEBT

Br Isobutylene Isobutyl bromide
Tert. butyl bromide

NH, N=C

(Warm)
fxx) + CHCl; + 3KOH —— + 3KCI + 3H,0

Aniline Phenyl isocyanide
The reaction is known as carbyl amine reaction.

Question 20.

The treatment of alkyl chlorides with aqueous KOH leads to the formation of alcohols but in the
presence of alcoholic KOH, alkenes are major products. Explain.

Answer:

If aqueous solution, KOH is almost completely ionized to give OH- ions which being a strong
nucleophile brings about a substitution reaction on alkyl halides to form alcohols. Further in the
aqueous solution, OH- ions are highly solvated (hydrated). This solvation reduces the basic
character of OH- ions which, therefore, fails to abstract a hydrogen from the P-carbon of the alkyl
chloride to form alkenes. In contrast, an alcoholic solution of KOH contains alkoxide (RO-) ion
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which being a much stronger base than OH- ions preferentially eliminates a molecule of HCI from
an alkyl chloride to form alkenes.

Question 21.

Primary alkyl halide (a) C.H:Br was reacted with alcoholic KOH to give compound (b). Compound
(b) was reacted with HBr to give (c) which was an isomer of (a). When (a) was reacted with
sodium metal, it gave a compound (d) CsH-,, that was different than the compound when n-butyl
bromide was reacted with sodium. Give the structural formula of (a) and write the equations for all :
the reactions.

Answer:
The two primary alkyl bromides are possible from the molecular formula (a) C.H.Br. These are:
o
CH;—CH,—CH,—CH,—Br CH;—CH—CH,—Br
0y (IT)

According to the available information, the isomer () does not represent the correct compound
because this on reacting with sodium metal (Wurtz reaction) will give n-octane. (C¢H-s) which is
not actually formed

Ether
2CH3—CH2—CH2—-CH2—BI' + 2Na —>CH:;—CH}_—CHT—CHQ_—CHI—CHE—CHE—CH3

n-Butyl bromide n-octane (CgH,3) (not formed in the rection)
This means that structure (II) is the correct isomer. It gives the desired reactions which are listed.
CH, CH, - CH,
| KOH(alc) | HBr |
CH;—CH—CH,—Br ——— CH3—C=CH, —> CH3—C—CH,
-KBr, -H20 |
Br
Isobutyl bromide (a) 2-methylpropene (b) 2-Bromo-
-2-methylpropane (c)

| { Anhyd. ether) | |
ECHg—CH—CHg_—Br +2Na —— CHJ_{:H—GHE_CHQ_CH—CHE

Wurtz reaction
2, 5-dimethylhexane (d)
(CgHyg)

Question 22.

What happens when

(i) n-butyl chloride is treated with alcoholic KOH,

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

(i) 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?

Answer:

(i) But-lI-ene is formed as the product as a result of dehydrohalogenation.
CH;—CH,—CH,—CH,—C! + KOH (alc) — CH3—CH,—CH=CH; + KCI + H,0

n-butyl chloride But-1-ene
(ii) Phenyl magnesium bromide (Grignard reagent) is formed as a result of the reaction.
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(dry ether)
+ Mg —

Bromobenzene Phenyl mag. bromide

(iii) Chlorobenzene will not get hydrolysed on boiling with NaOH. No product will be formed.
(iv) Ethyl alcohol is formed as the product

CH;—CH,—Cl + KOH{aqg) — CH;—CH,—OH + KCI + H,0

Ethyl chloride Ethyl alcohol
(v) Ethane is formed as a result of Wurtz reaction
dry ether

CH3;—Br + 2ZNa + Br—CH; —* CH;—CH; + 2NaBr

Methyl bromide Ethane

(vi) Methyl cyanide is formed.
KCN
CH;—Cl + KCN — CH3;—C=N + KCI
{ethanol )

Methy! chloride Acetonitrile
(Methyl cyanide)
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