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CBSE Class-12 Subject Chemistry
NCERT Solutions
Chapter - 12
Aldehydes, Ketones and Carboxylic Acids
In-text Question
1. Write the structures of the following compounds.
(i) a-Methoxypropionaldehyde
(i) 3-Hydroxybutanal
(iii) 2-Hydroxycyclopentanecarbaldehyde
(iv) 4-Oxopentanal
(v) Di-sec-butyl ketone

(vi) 4-Fluoroacetophenone

Ans. (i)
H;CO 8]
H;C {l'll C—H
(ii)
OH 0

I
HyC —CH—CH; —C—H
(iii)
CHO

OH

(iv)
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0

I
CH Q€ —CH——0HO

w)
CH; O CH;

I
CHyCH,CH — C — CH — CH,CH;

(vi)

=0

— CH-

2. Write the structures of products of the following reactions;

)

Anhyd. AICI;

(i)

(CeHsCHy)0d + 2 CH3COC ———

(iii)
He **, H,80,
HiC—C=C—H -
(iv)
CH;
| Frﬂlf|3
2. Hy0"
NO,
Ans.(i)
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)]
Q |
| Anhyd, AICI e
A =~ C.H; .
+ HyCy T (8, 2Hs 4 HOI
Benzene Propiophenone

The propiophenone is also known as phenyl propane.

(ii)
i
CH; — C — CH;
(CH;CH,,Cd + 2 CHRCOC0 ——— - 2 + CdCly
1-phenvlpropan-2-one
(iii)
OH
He 2t dil. H,80, |

HiC —C=C—H + H— OH g | H:C—C=CH;

Propyne

‘i] Tautomenses
Hal — C — CHy
Propanone
(iv)
CH;

1. CrDCla ’_,.-0[11‘{1]2{]“

—— |ON CH

L ~0CCLOH

NO,

- Nitrotoluene H.0"

DEN—@ CHO

= Nitrobenzaldehvde
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3. Arrange the following compounds in increasing order of their boiling points.

CH;3CHO, CH3CH,0H, CH;0CH3, CH3CH,CH;

Ans. The molecular masses of the given compounds are in the range 44 to 46. CH.CH . 0OH

undergoes extensive intermolecular H-bonding, resulting in the association of molecules.

Therefore, it has the highest boiling point and is more polar than CH,OCH and so
CH.CHO has stronger intermolecular dipole - dipole attraction than CH,QCH, and so
CH.CH,CH  has only weak van der Waals force. Thus, the arrangement of the given

compounds in the increasing order of their boiling points is given by:

CHgCHzCH3<CHgOCH3<CH3CHO<CH3CH20H

4. Arrange the following compounds in increasing order of their reactivity in

nucleophilic addition reactions.
(i)Ethanal, Propanal, Propanone, Butanone.
(il)Benzaldehyde, p-Tolualdehyde, p-Nitrobenzaldehyde, Acetophenone.

Hint: Consider steric effect and electronic effect.

Ans. (i)
0 (8] 0 0
I I I I
C C C C
AN N £ £ N
CH; H CH;CH, H CH: CH; CH; CH,;CH;

Ethanal Propanal Propanone Butanone

The +I effect of the alkyl group increases in the order:
Ethanal<Propanal<Propanone< Butanone

The electron density at the carbonyl carbon increases with the increase in the +I effect. As a
result, the chances of attack by a nucleophile decrease. Hence, the increasing order of the

reactivities of the given carbonyl compounds in nucleophilic addition reactions is:
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Butanone <Propanone<Propanal<Ethanal

(ii)
CHO CHy CHO ‘ﬁ'
(‘!
™
N CHO
g — Mitrobenzal dehyde # — Tolualdehyde Benzaldehyde Acetophenone

The +I effect is more in ketone than in aldehyde. Hence, acetophenone is the least reactive in
nucleophilic addition reactions. Among aldehydes, the +I effect is the highest in p-

tolualdehyde because of the presence of the electron-donating - C'H; group and the lowest in
p-nitrobezaldehyde because of the presence of the electron-withdrawing - V(J, group. Hence,

the increasing order of the reactivities of the given compounds is:

Acetophenone<p-tolualdehyde<Benzaldehyde<p-Nitrobenzaldehyde

5. Predict the products of the following reactions:

®

0
H*
+ HO—NH; —p=

(i)

0 05N

(iii)
O
H-
R—CH=CH—CHO + NH;—C NH — NH; ——

(iv)
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()]
|
&
™
CH; |
'H'
b CHyCHNH; ——— o
Ans. (i)
o N— OH
1
¢ HO — NH, — i +Hp0
(ii)
02N
0 0N NHHOND;
o NH; NIION{]:—P +H20
(iii)

g
R—{CH=CH-—CHO + NH,—C NH — NH,

—x)

R —CH= CH — CH= N— NH — C — NH,
(iv)

HiC |
tr =N — CH,CH,
CH,

g

b CHyCHNH, —1 +H0

6. Give the IUPAC names of the following compounds:

(i) PhCH,CH,COOH
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(i) (CH,),C=CHCOOH
CH;

(iii) COOH

NO,

. _COOH
(iv)

03N NO;
Ans. (i) 3-Phenylpropanoic acid
(ii) 3-Methylbut-2-enoic acid

(iii) 2-Methylcyclopentane carboxylic acid

(iv)2,4,6-Trinitrobenzoic acid

7. Show how each of the following compounds can be converted to benzoic acid.
(i) Ethylbenzene

(ii) Acetophenone

(iii) Bromobenzene

(iv) Phenylethene (Styrene)

Ans. (i) In the presence of nascent oxygen i.e. [O] along with KMnO,4/ KOH followed by

hydrolysis leads to formation of benzoic acid. CO2 and H20 are formed as byproducts.

CH,CH; (00K COOH
KMn() — KOH H 0
TF —_—
Ethylbenzene Benzoic acid

(ii) We can use potassium dichromate in conc. Sulphuric acid medium follwed by heating or
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KMnO,4/ KOH together followed by hydrolysis to form benzoic acid from acetophenone and

carbon dioxide gas along with water molecules is released as by product of the reaction.

COCH; COOK COOH
KMn0; — KOH H, 07
——E—i* —
Acetophenone Benzoic acid
(iii)
0
Br MgBr C \
M —_ =
5 0=C=40 OMgBr
Ether dry ice
Bromabenzana
;0"
CO0H
MBroH +
Benzoic acid
@iv)
K
CH=CH; il
KMn(ly — KOH
-__";* + HOODE
Phenylethene
H4 0
COOH
H,0 + CO; +
Benzoic acd

8. Which acid of each pair shown here would you expect to be stronger?
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(i) CH.CO.H or CH,FCO.H
(ii) CH,FCO,H or CHCICO,H

(iii) CH,FCH,CH,CO,H or CH.CHFCH,CO.H

(@iv)
F;C'@- COOH  of  HyC @m:}n
Ans. (i)
0 0
CHy~—( ——0 ——H F—eCHy——C ——0 ~—H

The +I effect of - C'H, group increases the electron density on the O-H bond. Therefore,

release of proton becomes difficult. On the other hand, the -I effect of F decreases the

electron density on the O-H bond. Therefore, proton can be released easily. Hence,

CH,FCQ,H is astronger acid than CH.C0O.H .

(ii)
0 0

F —- CHy = =0 ——H Cl == CHy == C =t (} == H

F has stronger -I effect than Cl. Therefore, CHyFCOOH can release proton more easily than

CH,CICOOH . Hence, CH,FCOOH is stronger acid than CH,CICOOH.

(iii)
0

F ~s— CHy —a= CHp == CHy == C —a= ) —a=H

8]

F == CH === CH; === ===} —a-H

|
CH;
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Inductive effect decreases with increase in distance. Hence, the +I effect of F in

CH.CHFCH,CO,H ismore thanitisin CH,FCH,CH,C0.H . Hence,
CH.CHFCH,CO,H is stronger acid than CH.FCH,CH,CO.H .

(iv)
| i
r--f:—-@- C =0 —H
F
[A)
0
H4C- —C 0 H
(B)

Due to the -I effect of F, it is easier to release proton in the case of compound (A). However, in
the case of compound (B), release of proton is difficult due to the +I effect of -CH3 i.e. methyl
group. Hence, (A) is a stronger acid than (B).

Chapter End Question

1. What is meant by the following terms? Give an example of the reaction in each case.
(i) Cyanohydrin

(ii) Acetal

(iii) Semicarbazone

(iv) Aldol

(v) Hemiacetal

(vi) Oxime

(vii) Ketal

(viii) Imine
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(ix) 2,4-DNP-derivative
(x) Schiff's base

Ans. (i) Cyanohydrin: Cyanohydrins are organic compounds having the formula
RR“2C(OH)CN, where R and R“? can be alkyl or aryl groups. In other words we can say that

when -CN and -OH are attached to the same carbon atom, it is called cyanohydrin.

Aldehydes and ketones react with hydrogen cyanide (HCN) in the presence of excess sodium
cyanide (NaCN) as a catalyst to field cyanohydrin. These reactions are known as cyanohydrin

reactions.

RR'C =0 + HCN — 5 RR'C(OH)CN

Ketone Cyanohydrin
Cyanohydrins are useful synthetic intermediates.

(ii)Acetal: Acetals are gem - dialkoxy alkanes in which two alkoxy groups are present on the
terminal carbon atom. One bond is connected to an alkyl group while the other is connected

to a hydrogen atom.

R—C—OFR

|
OR"

Cieneral structure of an acetal

When aldehydes are treated with two equivalents of a monohydric alcohol in the presence of
dry HCI gas, hemiacetals are produced that further react with one more molecule of alcohol

to yield acetal.
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OR' . OR

R'OH, dry HCI gas., s R"—OH §
RCHO & R—CH ———— R—CH + H,0
| £

H S

. OH OR"

Aldehyde
Hemiacetal Acetal

(iii)Semicarbarbazone: Semicarbazones are derivatives of aldehydes and ketones . They are
produced by the condensation reaction between a ketone or aldehyde and semicarbazide,
the product formed is semicarbazone.
0
OH
N | of B 0
C=—=0 +Hi+N—NH—C —NH, ——
- - "Illl"lr .\""\‘1 ||

Semicarbaz de N=—NH—{—NH,

v

Hy0 + »C=N—NH—C—NH,

Semicarbazone

Semicarbazones are useful for identification and characterization of aldehydes and ketones.

(iv) Aldol: A fj’ -hydroxy aldehyde or hydroxy ketone i.e. a compound containing aldehyde
or ketone as well as alcoholic group is known as an aldol. It is produced by the condensation
reaction of two molecules of the same or one molecule each of two different aldehydes or

ketones in the presence of a base.

CH—CH,—CH,—CHO

Propanal OH

il MaCh
2 CH,CH, — CHO =—=———> CH;—CHj

4 ~ Hydroxyhexanal ( Aldol)

(v) Hemiacetal: Hemiacetals are a - alkoxyalcohols formed when aldehyde reacts with one

mole of alcohol in presence of HCl gas.

RO OH

e
S
o
LY
\
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General structure can be represented as follows-

OR'
R'OH, drv HCI pas
RCHO Oth Oy Pl ons R—{H
A
OH
Hemiacetal

(vi) Oxime: Oximes are a class of organic compounds having the general formula RR“2CNOH,
where R is an organic side chain and R“? is either hydrogen or an organic side chain. If R“2 is

H, then it is known as aldoxime and if R“? is an organic side chain, it is known as ketoxime.

0OH OH
& s
b |
R H [ R
Aldoxime Ketoxime

On treatment with hydroxylamine NH,OH in a weakly acidic medium, aldehydes or ketones

form oximes.

Hydroxylamine

(vii) Ketal: Ketals are gem - dialkoxyalkanes in which two alkoxy groups are present on the
same carbon atom within the chain. The other two bonds of the carbon atom are connected
to two alkyl groups.

R

R—C—OR"

|
OR™

Cieneral structure of a ketal

Ketones react with ethylene glycol Or 2moles of alcohol in the presence of dry HCI gas to

give a cyclic product known as ethylene glycol ketals.
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R CH.OH R 0 —CH,
\f—{].L| g & ‘\t‘/‘! + M0}
/ e ~ il HCl :

" CH,OH = H."/ \‘c:}—a:'u:

Ketane Ethylene glycol Ethylene glycol ketal

(viii) Imine: Imines are chemical compounds containing a carbon nitrogen double bond.

R,
Nx”
N
I

Cieneral structure of an imine

-
=

Imines are produced when aldehydes and ketones react with ammonia and its derivatives.

. | \F/UII

P—LU—H-_..N—L-&— —pe C=N—1ZF + H.,0
> Latiahs ol K \NHF > -

(ix) 2, 4 - DNP - derivative: 2, 4 - dinitrophenylhydragones are 2, 4 - DNP - derivatives, which
are produced when aldehydes or ketones react with 2, 4 - dinitrophenylhydrazine in a

weakly acidic medium, orange coloured ppt. are formed.

{8
>C==0 +H-NNH NO,
2. 4 — Dinitrophenvihydrazine N,
: s
H,.O + C=—MNNH MO,
.3 l"',i" I

2, 4 = Dinutropheny lhydrazone

To identify and characterize aldehydes and ketones, 2, 4 - DNP derivatives are used.

(x) Schiff's base: Schiff's base (or azomethine) is a chemical compound containing a carbon-
nitrogen double bond with the nitrogen atom connected to an aryl or alkyl group-but not

hydrogen. They have the general formula £ R.C" = VR, . Hence, it is an imine.

Material downloaded from myCBSEguide.com. 14/46


http://mycbseguide.com/

%} myC BSEguide.com

% A Complere guide for CREE stwaenis

It is named after a scientist, Hugo Schiff.

R‘i
2

N

,-’f\‘\
R, R,

=

Gieneral structure of schiff's base

Aldehydes and ketones on treatment with or aromatic amines like aniline in the presence of

trace of an acid yields a Schiff's base.

et : Trace of H™ .
R —CH==0 + Hg—N—R ————»R —CH= N—R' + H,0

Aldehvde [* amine Schiff’s base

2. Name the following compounds according to IUPAC system of nomenclature:
(i) CH,CH(CH,)CH,CH,CHO

(ii) CH,CH,COCH(C,H,)CH,CH,CI
(iii) CH,CH=CHCHO

(iv) CH,COCH,COCH,

(v) CH,CH(CH,)CH,C(CH,), COCH,
(vi) (CH,),CCH,COOH

(vii) OHCC,H,CHO - p

Ans. (i) 4-methylpentanal

(i) 6-Chloro-4-ethylhexan-3-one

(iii) But-2-en-1-al

(iv) Pentane-2,4-dione
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(v) 3,3,5-Trimethylhexan-2-one
(vi) 3,3-Dimethylbutanoic acid

(vii) Benzene-1,4-dicarbaldehyde

3. Draw the structures of the following compounds.
(i) 3-Methylbutanal

(i) p-Nitropropiophenone

(iii) p-Methylbenzaldehyde

(iv) 4-Methylpent-3-en-2-one

(v) 4-Chloropentan-2-one

(vi) 3-Bromo-4-phenylpentanoic acid

(vii) p,p'-Dihydroxybenzophenone

(viii) Hex-2-en-4-ynoic acid

Ans. (i)

CHy O

HyC — CH—CH,—C —H

(iD)
0
| |
O-N C —CH;—CH;
(iii)
0

|
Il;('@{“—H
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(iv)

0 H;
|

H:C —C—CH=C—CH;
W)
() ]
|

H:C —C—CHy;—CH—CH;4
(vi)

E.-!'-.HS Br 0

|

H;C —CH — CH —CH,—C—OH

(vii)

I
H n\_‘l..-' . —@—nll
(viii)

Ly

HiC —C=(C—CH={H—C—0H

4. Write the IUPAC names of the following ketones and aldehydes. Wherever possible,

give also common names.
@ CH,CO(CH,),CH,

Gi) CH,CH,CHBrCH,CH(CH,)CHO
i) CH, (CH, ), CHO

(iv) Ph-CH=CH-CHO
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CHO

(vi) PhCOPh

Ans. () CH,CO(CH,),CH,

IUPAC name: Heptan-2-one

Common name: Methyl n-pentyl ketone

Gi) CH,CH,CHBrCH,CH (CH,)CHO

[UPAC name: 4-Bromo-2-methylhaxanal

Common name: (Y-Bromo-a-methyl-capraldehyde)
(i) CH; (CH, ), CHO

IUPAC name: Heptanal

Common name: Heptanaldehyde/ caprylic aldehyde
(iv)Ph-CH=CH-CHO

IUPAC name: 3-phenylprop-2-en-1-al

Common name: fj’ -Phenyl acrolein

w)

Q/‘ "

IUPAC name: Cyclopentanecarbaldehyde
(vi) PhCOPh
IUPAC name: Diphenylmethanone

Common name: Benzophenone
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5. Draw structures of the following derivatives.

(i) The 2,4-dinitrophenylhydrazone of benzaldehyde
(ii) Cyclopropanoneoxime

(iii) Acetaldehydedimethylacetal

(iv) Thesemicarbazone of cyclobutanone

(v) The ethylene ketal of hexan-3-one

(vi) The methyl hemiacetal of formaldehyde

Ans. (i)
NO;
@—( H= NNH @wn:
(ii)
L] L ¥H
/H\
(iii)
OCH,
CHy— CH
OCH,
(iv)
i
I
— MWMNH = = MH:
(v)
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H:C — CH;
I I
o O

H;C —CHy=—C — CHy—CH>; —(CHj;

(vi)
H YA
o S
Ilf‘. ‘H‘{J'l.'”:

6. Predict the products formed when cyclohexanecarbaldehyde reacts with following

reagents.

(i) PhMgBr and then 5.0~
(ii)Tollens' reagent

(iii) Semicarbazide and weak acid
(iv)Excess ethanol and acid

(v) Zinc amalgam and dilute hydrochloric acid

Ans. (i)
OMgBr OH
CH=0 3 :
D on - MgBr ‘I‘-a.H H, 0" ‘le
o B e
|]r'}' grhez Pl H:w;tr{l-h.'u'« Ph

Cyelohexane

carbaldehvde Cvelobexyiphenylcarbanol

(iD)

Cyclohexane Tollens" repgent
carbaldebyde

CH==0
O/ o 2[Ag(NH3R]Y 4+ 30H —l

0
Il

C—i
O/ - ZAR I 4NH,; + 2H-0
Silver

. YT
Cwolohexanes

caurbyxwlnte 1om

(iii)

Material downloaded from myCBSEguide.com.

20/46


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

[ 8]
CHCY ”
= ! ) pH 3 5
= H-MNMNH i MNHs — Hs(} -+ ]
; wieak acid Il

Cyclohexame - Semicarbanda CH=NNH R
carbal dehy de

Cyelohexanecarbaldehvde
semicarbaone

(iv)

. : OC,Hs
CH.O H O H, G

O/ . Dry HCI gas Co
ss—————————— 1 "
O/I OC;Hs  + H0
!

Cyclohexane - H:OC;H; 1
carbaldehyde Ethanol (Excess)
g Cweclohexancearbaldehvde
diathy] acetal
)

CHCH

Hy
O’ Zn / Hg — HC 5
el

. {clemmensen
Cwvielobexmne
reductaon)
carbaldehvde

Methyleyvclohexane

7. Which of the following compounds would undergo aldol condensation, which the
Cannizzaro reaction and which neither? Write the structures of the expected products

of aldol condensation and Cannizzaro reaction.
(i) Methanal

(ii) 2-Methylpentanal

(iii) Benzaldehyde

(iv) Benzophenone

(v) Cyclohexanone

(vi) 1-Phenylpropanone

(vii) Phenylacetaldehyde

(viii) Butan-1-ol
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(ix) 2, 2-Dimethylbutanal

Ans. Aldehydes and ketones having at least one a-hydrogen undergo aldol condensation. The
compounds (ii) 2-methylpentanal, (v) cyclohexanone, (vi) 1-phenylpropanone, and (vii)
phenylacetaldehyde contain one or more a-hydrogen atoms. Therefore, these undergo aldol

condensation.

Aldehydes having no a-hydrogen atoms undergo Cannizzaro reactions. The compounds (i)
Methanal, (iii) Benzaldehyde, and (ix) 2, 2-dimethylbutanal do not have any a-hydrogen.

Therefore, these undergo cannizzaro reactions.

Compound (iv) Benzophenone is a ketone having no a-hydrogen atom and compound (viii)
Butan-1-ol is an alcohol. Hence, these compounds do not undergo either aldol condensation

Or cannizzaro reactions.
Aldol condensation
(ii)
dil NaQH

2CH;CHLCHy = CH = CHO

CH;
2 - Methyipentanal CH
3

CH3CH,CH; — CH — CH — CH— CH,CH,CH;
CH5 (YH CHO

3~ Hydroxy -2, 4 - dimethyl - 2 ~ propy theptanal

()
8]
1<:>:ﬂ dil NaOH
OH
Cyclohexanone 2 ={1 - Hydroxy - 1 = cvclohexyl) - eyclohexan —1- one
(vi)
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=|:|} CH;
(O e susen, @f—m—c@
1 - Phenylpropanons

CHj;
3 — Hydroxy — 2 — methyl - 1, 3 — diphenylpentan - | — one

(vii)
CHO
1@{11 cHO-QLNaOH ["EI=—L"T—T—J“H @
Phenvlacetaldehyde hydroxy - 2, 4 — diphenybutanal
Cannizzaro reaction
(i)
4 H
Z H““C= O +conc KOH —— H—{'!' —OH A HMC — Ok
[-["'/ | H/"'H
H
Methanal Methanol Potassium methanoate
(>iii)
EQEHD+WMHGH — @71'."[-13— OH +@f —OK
Benzaldehyde Benevl alcohol Potassium benzoate
(ix)
CHj CHy CHy
CH3CHy — ¢ — CHO ~2CNeOH o o CHy — fl*— CHy — OH + CH3CHy — ¢ —  —ONa
CH;j CH; CH; |E|.‘r
2, 2 - Dhmethy|butanal 2, 2 — Dimethylbutan - 1 - ol Sodium 2, 2 - dimethylbutanoate
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8. How will you convert ethanal into the following compounds?
(i) Butane-1, 3-diol

(ii) But-2-enal

(iii) But-2-enoic acid

Ans. (i) On treatment with dilute alkali, ethanal produces 3-hydroxybutanal gives butane-1,

3-diol on reduction.

OH OH
NaBH,
CHyCHO-LN2OH o o CH— CHy — CHO | g (H; — CH— CHy— CHy— OH
' - {Reduchion) : - -
Ethanal 3 - Hydroxybutanal Butane - 1, 3 - diol

(>ii) On treatment with dilute alkali, ethanal gives 3-hydroxybutanal which on heating

produces but-2-enal.

OH
CHycHO-LLN2OH o oy — CH— CHy — CHO +ﬂ-— CH; — CH== CH— CHO
Ethanal 3 - Hvdroxyvbutanal But — 2 — enal

(ii1) When treated with Tollen's reagent, But-2-enal produced in the above reaction produces

|
Egﬂﬂl;ﬂ OH

= , » CH3CH=— CHCOOH
lIollen's reagent

But — 2 — enal But — 2 — enoic acid

but-2-enoicacid .

CH3 — CH=CH —CHO

9. Write structural formulas and names of four possible aldol condensation products
from propanal and butanal. In each case, indicate which aldehyde acts as nucleophile

and which as electrophile.

Ans. (i) Taking two molecules of propanal, one which acts as a nucleophile and the other as

an electrophile.
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o CH;
> CHyCHyCHO — 22 CH,yCH;— CH— CH— CHO
Propanal 3 - hydroxy — 2 — methylpentanal

(i) Taking two molecules of butanal, one which acts as a nucleophile and the other as an

electrophile.
OH  CH,CH;,
> CHACHyCHyCHO — 2O o CHLCHCH, — CH — CH— CHO
Butanal 2 — Ethy] — 3 — hydroxyhexanal

(iii) Taking one molecule each of propanal and butanal in which propanal acts as a

nucleophile and butanal acts as an electrophile.

OH CHy
CHyCH,CH,CHO + CH;CH,CHO —» CHyCHCH CH CH CHO
Butanal Propanal . _ :
(Electrophile) {Nucleophile) e e

(iv) Taking one molecule each of propanal and butanal in which propanal acts as an

electrophile and butanal acts as a nucleophile.

oH  CH.(CH;
CH;CH,CHO  + CH:CH;CH,CHO —» CH;CHy; =— CH — CHCHO
Propanal Butanal 2 = Ethyl = 3 = hvdroxvhexanal

(Electrophile) {Nucleophile)

10. An organic compound with the molecular formula (.7 .0 forms 2, 4-DNP

derivative, reduces Tollens' reagent and undergoes Cannizzaro reaction. On vigorous

oxidation, it gives 1, 2-benzenedicarboxylic acid. Identify the compound.

Ans. It is given that the compound (with molecular formula C,H .0 ) forms 2, 4-DNP

derivative and reduces Tollen's reagent. Therefore, the given compound must be an
aldehyde.
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Again, the compound undergoes cannizzaro reaction and on oxidation gives 1, 2-
benzenedicarboxylic acid. Therefore, the -CHO group is directly attached to a benzene ring

and this benzaldehyde is or tho-substituted. Hence, the compound is 2-ethylbenzaldehyde.

CHO

CH,CH;
2 — Ethylbenzal dehyde

The given reactions can be explained by the following equations.

NG

[:[:t'll I"«i."'--:'ll4<'IIF;W>7""'-u.l:ll- + Ha0

CHACH;
2. 4 DMNP denvalive

2. 4 = Dinitrophenyl
hvdlraunme

CHO E“r""‘"”le O CO0 ¢
-— — _-_ . \‘L.
CH2CH; By Dipytt CHaCH:
Z — Ethvilbensbate Sulwer nurror
@Et'{}tﬂi
OO

1. 2 - Benezenedicarboxylic acid

[o]

Cindation

Chapter End Question

11. An organic compound (A) (molecular formula C, /7, .(),) was hydrolysed with dilute

sulphuric acid to give a carboxylic acid (B) and an alcohol (C). Oxidation of (C) with
chromic acid produced (B). (C) on dehydration gives but-1-ene.Write eQuations for the

reactions involved.

Ans. An organic compound A with molecular formula {7, .0, gives a carboxylic acid (B)

and an alcohol (C) on hydrolysis with dilute sulphuric acid. Thus, compound A must be an
ester. Further, alcohol C gives acid B on oxidation with chromic acid. Thus, B and C must

contain equal number of carbon atoms.
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Since compound A contains a total of 8 carbon atoms, each of B and C contain 4 carbon

atoms.

Again, on dehydration, alcohol C gives but-1-ene. Therefore, C is of straight chain and hence,

it is butan-1-ol.

On oxidation of Butan-1-ol using potassium dichromate and sulphuric acid gives butanoic

acid. Hence, acid B is butanoic acid.
Hence, the ester with molecular formula SH’ 1:.{]': is butylbutanoate.

0

CH3CH;CH; — € — OCHCHCHACH;

Butvlbutanoate

All the given reactions can be explained by the following equations.

L8 ] i

. . ! o i HSO, o | S
CHyCHyCH ; = 0 = 0 HsCH-CHSCHy ———— = U H CHUH s = = H + CHyCHOH 0 H 00

By Ibutanomie Hutansae s Buian - | - ol
LA (B} 1)

0
I

CHyCHyCHy = = (H
OO OO Butanosc mcid
: ]
Oxpdanon (&)

CHiUH,CHACH s = 0

Crehy dratcsn
M0
CHyCHCH == CHa3

il 1 T

12. Arrange the following compounds in increasing order of their property as indicated:

(i) Acetaldehyde, Acetone, Di-tert-butyl ketone, Methyl tert-butyl ketone (reactivity
towards HCN)

G) CH.,CH.,CH(Br)COOH, CH,CH (Br)CH,COOH , CH,CH,CH,COOH
(acid strength)
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(iii) Benzoic acid, 4-Nitrobenzoic acid, 3,4-Dinitrobenzoic acid, 4-Methoxybenzoic acid

(acid strength)

Ans. (i) When HCN reacts with a compound, the attacking species is a nucleophile, CN - .
Therefore, as the negative charge on the compound increases, its reactivity with HCN
decreases. In the given compounds, the +I effect increases as shown below. It can be

observed that steric hindrance also increases in the same

CHy, O

CH, CH, 1 1
E:':w - E{'_—n > CHy—— C—ta—  —a— CHs
H CH, +
Acetnldehyde Acetons CH,
tord — Butyl methyl ketone
LY
CHy 0 ClHy

CH = e (7 e == U

. 4

iy CH,

(] iy it Karoine

Hence, the given compounds can be arranged according to their increasing reactivities
toward HCN as:

Di-tert-butyl ketone < Methyl tert-butyl ketone < Acetone < Acetaldehyde
(i) After losing a proton, carboxylic acids gain a negative charge as shown:
R-COOH — R-COO +H"

Now, any group that will help stabilise the negative charge will increase the stability of the
carboxyl ion and as a result, will increase the strength of the acid. Thus, groups having +I
effect will decrease the strength of the acids and groups having - I effect will increase the

strength of the acids. In the given compounds, — (', group has +I effect and Br - group has

- I effect. Thus, acids containing Br - are stronger.

Now, the +I effect of isopropyl group is more than that of n-propyl group. Hence,
(CH. ), CHCOOH is a weaker acid than CH,CH,CH ,COOH .
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Also, the - I effect grows weaker as distance increases. Hence, CH.CH ( B» |CH,COOH is
a weaker acid than CH.CH,CH (B» | COOH .

Hence, the strengths of the given acids increase as:

(CH,),CHCOOH < CH,CH,CH,COOH < CH,CH (Br)CH,COOH <
CH.CH,CH(Br)COOH

(iii) As we have seen in the previous case, electron-donating groups decrease the strengths of
acids, while electron-withdrawing groups increase the strengths of acids. As methoxy group
is an electron-donating group, 4-methoxybenzoic acid is a weaker acid than benzoic acid.
Nitro group is an electron-withdrawing group and will increase the strengths of acids. As 3,4-
dinitrobenzoic acid contains two nitro groups, it is a slightly stronger acid than 4-

nitrobenzoic acid. Hence, the strengths of the given acids increase as:

4-Methoxybenzoic acid < Benzoic acid < 4-Nitrobenzoic acid < 3,4-Dinitrobenzoic acid

13. Give simple chemical tests to distinguish between the following pairs of compounds.
(i) Propanal and Propanone

(ii) Acetophenone and Benzophenone

(iii) Phenol and Benzoic acid

(iv) Benzoic acid and Ethyl benzoate

(v) Pentan-2-one and Pentan-3-one

(vi) Benzaldehyde and Acetophenone

(vii) Ethanal and Propanal

Ans. (i) Propanal and propanone can be distinguished by the following tests.

(a) Tollen's test

Propanal is an aldehyde. Thus, it reduces Tollen's reagent. But, propanone being a ketone
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does not reduce Tollen's reagent.

+
CH;CH,CHO + 2[5“‘"';3 + OH ——— 9 CH;CH,COO + .-fhgl + 4NH; + 2ZH,0
Propanal Tollen’s reagent Propanoats 1on Silver marror

Another alternative method is that propanone on adding iodine solution along with sodium

hydroxide will give yellow ppt. Due to iodoform whereas propanal will not react.
(b)Fehling's test
Aldehydes respond to Fehling's test, but ketones do not.

Propanal being an aldehyde reduces Fehling's solution to a red-brown precipitate of C'u,(,

but propanone being a ketone does not.

CH:CH,CHO + 2Cu*t + SOH™ — CH;CH,COO™ + Cr0t + iH,0

Propanal Propanoate 1on Cuprous oxide
(Red — brown ppt)

(c)Iodoform test:

Aldehydes and ketones having at least one methyl group linked to the carbonyl carbon atom
respond to iodoform test. They are oxidized by sodium hypoiodite (NaOI) formed by adding
iodine and sodium hydroxide to give iodoforms. Propanone being a methyl ketone responds

to this test, but propanal does not.

CH;COCH; + 3 NaOl —— CH;COONa + CHI; + 2 NaOH
Propanone Sodium acetate  lodoform
{vellow ppt)
(ii)Acetophenone and Benzophenone can be distinguished using the iodoform test.

Iodoform test:

Methyl ketones are oxidized by sodium hypoiodite to give yellow ppt. of iodoform.

Acetophenone being a methyl ketone responds to this test, but benzophenone does not.
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CeHsCOCH: + 3NaOl ——» CeHsCOONa + CHI: + 2NaOH
Acetophenone Sodmm sSodim lodotorm
hvpoiodite benzoate  (vellow ppt)

CeHsCOCsHs + NaOl ———» No vellow ppt of CHI;
Benzophenone

(>iii) Phenol and benzoic acid can be distinguished by ferric chloride test.
Ferric chloride test:
Phenol reacts with neutral FeCl3 to form an iron-phenol complex giving violet colouration.

]
& f{,HS'DH. | FE!'Fl_'., . i [ID{:HH_;.]I._] } .L;HI 37

Phenol Iron-phenol complex
(Wiolet colour)

But benzoic acid reacts with neutral FeCl3 to give a buff coloured ppt. of ferric benzoate.

3 CoHsOH + FeCly —— (U H;000):Fe + 3 HCI

Benzme acid Ferric benzoate
{Bufl coloured ppt)

(iv) Benzoic acid and Ethyl benzoate can be distinguished by sodium bicarbonate test.
Sodium bicarbonate test:

Acids react with Vg C0, to produce brisk effervescence due to the evolution of C'(), gas.

Benzoic acid being an acid responds to this test, but ethylbenzoate does not.

C.H:COOH + NaHCO; —# C,H:CO0Na + CO-t + Hy0
Benzoic acid Sodium benzoate

CeH;COOCH; + NaHC Oy == Mo effervescence dua to evolution
of CO; gas

(v)Pentan-2-one and pentan-3-one can be distinguished by iodoform test.

Iodoform test:
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Pentan-2-one is a methyl ketone. Thus, it responds to this test. Butpentan-3-one not being a

methyl ketone does not respond to this test.
0
fH;fH?fH: — [ = CHq + 3 NaD] — in{:H:EH:FmHE T |:"H|34 + 2NailH

Pentan — 2 — one Sodium butanoate  lodoform
(yellow ppt)

O

CH;CH; — C — CH;CH; + NaOl —® No yellow ppt of iodoform

Pentan — 3 — one

(vi)Benzaldehyde and acetophenone can be distinguished by the following tests.
(a)Tollen's Test

Aldehydes respond to Tollen's test. Benzaldehyde being an aldehyde reduces Tollen's reagent
to give a red-brown precipitate of Cu20, but acetophenone being a ketone does not.
CeHsCHO + 2 Eu; 1NH_~.}1 b 30H — CH;CO0™ + Ag J, + 4NHy + 2H,0

Benzaldehyde Tollen’s reagent Benzoate ion  Silver mirror

(b)Iodoform test

Acetophenone being a methyl ketone undergoes oxidation by sodium hypoiodite (NaOI) to

give a yellow ppt. of iodoform. Butbenzaldehyde does not respond to this test.
CiHsCOCHy + 3NaOl == C H:COONa + CHI3 + 2 NaOH

Acetophenone Sodium benzoate lodoform
(yellow ppt)

(vii)Ethanal and propanal can be distinguished by iodoform test.
Iodoform test

Aldehydes and ketones having at least one methyl group linked to the carbonyl carbon atom
responds to the iodoform test. Ethanal having one methyl group linked to the carbonyl
carbon atom responds to this test. Butpropanal does not have a methyl group linked to the

carbonyl carbon atom and thus, it does not respond to this state.
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CH:CHO + 3NaQl —» HCOONa + CHIy +
Ethanal Sodium lodoform
methanoate (yellow ppt)

2 NaOH

14. How will you prepare the following compounds from benzene? You may use any

inorganic reagent and any organic reagent having not more than one carbon atom
(i) Methyl benzoate

(ii) m-Nitrobenzoic acid

(iii) p-Nitrobenzoic acid

(iv) Phenylacetic acid

(v) p-Nitrobenzaldehyde.

Ans. (i)
B
B Mgz bk
Br'FelHry ‘: ¥
. =
[ I:|'I.|.l' 1.|r'\. e
Benaene
FI 'I'.i-'
COOCH, ”“”'
i E 1-!1. el cmtios b
| oH I[‘l ¥,
conc. Ha50y,
Mothy Iboneoato
(ii)
O o —OMpBr
Fir Mj.-Hl
Bis/FeBry
=
clln.r |.|r~.- roe
Benashs

l

L LI

OO

HNO, £ S0,
-l ———
{ Blirrmion
. "“'ll:.il:

i — Mitrobaneoic scid
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(iii)
CHLCI S
Anhyd AN,
i Friedel=Craft
B alkvilatyan]

MO

I“I|ﬂ' -

M
= Bitrabanzone acid

(@iv)

CHLCI 7
© Anhyvd. AICTy
-

Blensena

w)

CHCl /
@ Anhyd. AICI,

Banrsnas

CHy

HPCy

H S0,

i M mnamt b i

OO

K Aintd,

CHy CH;
N0

by L 2 i Mlimoe)
{ Mefagory

filtramnon

l Separnted by

CH;y

T

CHy

NMHES, v or

o

CHaBr

Brs, A ond A

Toluernes

CTH L COHH

S

Boenecy | bromsde

Al KON, A

Phenylncetic acid

CHy

CH U™

Benayl cvanmide

@ HIMOy £ S0y @

s P

OS5 | Cro.ci;

C MO O 3 )
ﬁ; e

fr— Nimabenraldahwde
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15. How will you bring about the following conversions in not more than two steps?

(i) Propanone to Propene

(ii) Benzoic acid to Benzaldehyde

(iii) Ethanol to 3-Hydroxybutanal

(iv) Benzene to m-Nitroacetophenone

(v) Benzaldehyde to Benzophenone

(vi) Bromobenzene to 1-Phenylethanol

(vii) Benzaldehyde to 3-Phenylpropan-1-ol

(viii) Benazaldehyde to a-Hydroxyphenylacetic acid

(ix) Benzoic acid to m- Nitrobenzyl alcohol

Ans.
(i)
0 OH
. I . NaBH, . |_ _ <onc. Hy80; \
(H; —C—CH; —» CH;—CH (Il-;—-—:l—-—h-l'.li: CH
Propene
(i)
COOH O] CHO
SO H5
,—'.'_ .—.—.—.—.—.—.-.
Pd - BaS0O,
Benzoic and Benzaldehvde
(i)
OH
Ll )
CHy — CH: — OH _.'_._.... CH;CHO -Ei'-’u—:-“-;-'-;l-ﬂ- CH;CHCH-CHO
{Aldo : A
Ethanol condenmsion) > hydroxybutanal
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(iv)
COCH, COCH,
CHyCOCIH,
M!‘I}'d AlC] 1 HND'[. f H"'Sﬂ;
i.'FnuH-(‘mﬂ
. alkvlanon)
v CHO €ocl,
HND1 S{l,‘h
[U!:hun!
Benzaldehvde
{Fniedel-Craft @
acvlation )

Anhyd AICH;

o

(vi)
nu
Mghe HiC — {‘H
Mg / dry ether {1} CHCHO
- e
1 HO
Bromobenzene = Phenylethanol
(wvii)
CHO CH = CHCHO CH,CH:CH;OH
- Ny
¢ CHicno ) NiOH -
(m) A [(‘mlwc
Benzaldehy de
] Phenylpropan - | -
(viii)
CHO
H OH
: H* / HLO
LN TS . Cilig TR : cf.l{f,—éﬂ—rmn
it ~ Hydroxyphenylacetic acid
Benraldehvde
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(ix)
COOH CH>OH CH-OM
(1) LiAIH, HMNO; / H250,
—_— .
(1) H:O -
bl
Benrzaldehvde .
mi — Mhtrmbeney] alcohol

16. Describe the following:

(i) Acetylation

(ii) Cannizzaro reaction

(iii) Cross aldol condensation
(iv) Decarboxylation

Ans. (i)Acetylation: The introduction of an acetyl functional group into an organic
compound is known as acetylation. It is usually carried out in the presence of a base such as
pyridine, dirnethylaniline, etc. This process involves the substitution of an acetyl group for
an active hydrogen atom. Acetyl chloride and acetic anhydride are commonly used as

acetylating agents.

For example, acetylation of ethanol produces ethyl acetate.

CH,CH,OH + CH,COCI e CH,COOC . H, + HCI
Ethanol Acetyl Ethylacetate
Chloride

(>ii) Cannizzaro reaction: The self oxidation-reduction (disproportionation) reaction of
aldehydes having no a-hydrogens on treatment with concentrated alkalis is known as the
Cannizzaro reaction. In this reaction, two molecules of aldehydes participate where one is

reduced to alcohol and the other is oxidized to carboxylic acid.

For example, when ethanol is treated with concentrated potassium hydroxide, ethanol and

potassium ethanoate are produced.
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i
I
- ) _,.-"t ", + comc. KOH ——p C(CHj CH- OH + CHyOOOK
CH4 H
Ethanal Ethanal Potassium
’ ethanoate

(iii) Cross-aldol condensation: When aldol condensation is carried out between two
different aldehydes, or two different ketones, or an aldehyde and a ketone, then the reaction
is called a cross-aldol condensation. If both the reactants contain a-hydrogens, four types of

compounds are obtained as products.

For example, ethanal and propanal react to give four products.

CHyCHO i CH:CH,CHO
A | NaOH
CH; —CH=CH — CHO + CH;CH; —CH=—C — CHO
CH4
But — 2 - enal 2 — methylpent — 2 — enal
{From two molecules of ethanal) {From two molecules of Propanal)
Self-aldol products

4+

cm—c=ni"—cun +  CH3CH;— CH=CHCHO
CH;

2 — methylbut - 2 - enal Pent - 2 - enal

(From one molecule of ethanal and one molecule of propanal)

Cross-aldo] products

(iv) Decarboxylation: Decarboxylation refers to the reaction in which carboxylic acids lose

carbon dioxide to form hydrocarbons when their sodium salts are heated with soda-lime.
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Soda-lime {mixture of RaCOH and CaOin 31 rano)

CHy — COONa

Sodium ethanoaie

T “."l :‘. {.]3

Decarboxylation also takes place when aQueous solutions of alkali metal salts of carboxylic

acids are electrolyzed. This electrolytic process is known as Kolbe's electrolysis.

17. Complete each synthesis by giving missing starting material, reagent or products

)
CH,CH;
KMnO,
KOH, heat
(ii)
COOH
@: 501,
—
heat
COOH
(iii)

H,NCOMHNH»

C;H;CHO

(iv)

Q2 -0

w)
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+
‘}U [Ag(NH;),]
CHO
(vi)
CHO

@: NaCN/HC

—_—

COCYH
(vii)
CHs;CHO .
% dil. MaOH .
CH4CH-CHO
(viil)
iy NaBH,
CH;COCH,COOC,H; Tﬁ
i H

(ix)

Cry
Q— OH —————=
x)
O: CH, ——» D— CHO
(x1)
w_0 _ EO: 0
(11} Zn~H; ()
Ans. (i)

CHLCH, "OOK
@’ KMnO, [j

KOH, heat

Ethylbenzens Potr benzoate
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(ii)

COHOH
SO,
—_—
hear
COOH
Phthalic acid
(iii)

COCl

COC]

Phihaloy] chloride

O

CoHsCHO  +  H:NCONHNH, =  CgHsCH == NNHC — NH;

Benzaldehyde Semicarbaride
@iv)
C]
@ - ©/ Anhyd AICH
F( acylation

Benrens Benrovl

chilonde
)

Benzaldehyde semicarbazone

oo

Benzophenone

ﬂn [Ag (NH;), ]

CHO
4 - Oxocyclohexanecarbal dehyde

g o
COO
4 - Dxocvelohexanscarboxy late

anion
(vi)
'li}H
CHO CH N
@: NaCNHC CN

MO OO0 H

2 — Formylbenzomc acid 2~ [1 - Hydroxyeyanomethyl]
Benzmie acid

(vii)
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CrHyCHO
Benzaldehvde 1 s i
: LINaOH ¢ H.CH = C—CHO
CHyCH-CHO |
Propanal CH;
2 = Methvl - 3 |'||'|-.-|'|1..'|
pro — 2 — enal
(viii)
(1) NaBH,
CH;COCH,COOC-Hs I#I* CHCH{OH)}CH,COOC-H;
up H
Ethyl 3 ~ oxobutanote Ethy] 3 — hydroxybutanoate
(ix)
Cr0; - H,80,
(JH : = - 0y
Cvclohexanol Cyvelohexanone
(x)

Omon -2l

Methvlenecvelohexans )
ln:u: /UH

PCC
CHO ———— CH;OH

Cvelohexanecarbaldehvde

(xi)
(i) £n-H-0
Cyvclohexyvhdenecvelohexane Cyelohexanone

18. Give plausible explanation for each of the following:

(i) Cyclohexanone forms cyanohydrin in good yield but 2, 2, 6 trimethylcyclohexanone

does not.

(ii) There are two - 4 ., groups in semicarbazide. However, only one is involved in the
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formation of semicarbazones.

(iii) During the preparation of esters from a carboxylic acid and an alcohol in the
presence of an acid catalyst, the water or the ester should be removed as soon as it is
formed.

Ans. (i)Cyclohexanones form cyanohydrins according to the following eQuation.

L OH ON

HOC ™

Cyeclohexanone C v anohydrim

In this case, the nucleophile CN - can easily attack without any stearic hindrance. However,
in the case of 2, 2, 6 trimethylcydohexanone, methyl groups at a-positions offer stearic
hindrances and as a result, CN - cannot attack effectively thus, it does not form cyanohydrin

in good yield as compared to cyclohexanone which does not have stearic hindrance.

0
H;C ' H;

CH;

2, 2, 6 — Tnmethyleyclohexanone
For this reason, it does not form a cyanohydrin.

(ii)Semicarbazide undergoes resonance involving only one of the two - W/, groups, which
is attached directly to the carbonyl-carbon atom. The lone pair on NH, attached to carbonyl

group is involved in resonance and hence not available for reaction.

iy 0

Cil

ﬁ: _NH; — f_i'_{-j. NH; e -~ MH:

Therefore, the electron density on - _"".T:?: group involved in the resonance also decreases. As
a result, it cannot act as a nucleophile. Since the other - N/, group is not involved in

resonance; it can act as a nucleophile and can attack carbonyl-carbon atoms of aldehydes

and ketones to produce semicarbazones.
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(iii) Ester along with water is formed reversibly from a carboxylic acid and an alcohol in

presence of an acid.

RCOOH + R'OH «~—RCOOR'+H,0

carboxylic acid Alcohol Ester water

If either water or ester is not removed as soon as it is formed, then it reacts to give back the
reactants as the reaction is reversible. Therefore, to shift the eQuilibrium in the forward
direction i.e., to produce more ester, either of the two should be removed. The ester formed

does not get hydrolysed easily.

19. An organic compound contains 69.77% carbon, 11.63% hydrogen and rest oxygen.
The molecular mass of the compound is 86. It does not reduce Tollens' reagent but
forms an addition compound with sodium hydrogensulphite and give positive iodoform
test. On vigorous oxidation it gives ethanoic and propanoic acid. Write the possible

structure of the compound.

Ans. % of carbon = 69.77 %

% of hydrogen = 11.63 %

% of oxygen = {100 - (69.77 + 11.63)}%
=18.6 %

Thus, the ratio of the number of carbon, hydrogen, and oxygen atoms in the organic

compound can be given as:

- H:{f!:ﬁg": 7. 11.63 : 18.6
112 1 16

=5.81:11.63:1.16
=5:10:1

Therefore, the empirical formula of the compound is (. A .(J . Now, the empirical formula

mass of the compound can be given as:
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5x12+10x1+1x16
= 86
Molecular mass of the compound = 86

Therefore, the molecular formula of the compound is given C.H,.C .

Since the given compound does not reduce Tollen's reagent, it is not an aldehyde. Again, the
compound forms sodium hydrogen sulphate addition products and gives a positive iodoform

test. Since the compound is not an aldehyde, it must be a methyl ketone.
The given compound also gives a mixture of ethanoic acid and propanoic acid.

Hence, the given compound is Pentan-2-one.
0
I

CH; — C — CHy; — CH; — CH;

Pentan — 2 — ol

The given reactions can be explained by the following eQuations:

OH
CHy — € — CH3CHLCH;

SOy N

\|‘I|th' { Acdditeon Product)
£h
| Sl §]
L, [ I CHCH-OCH,; —1 g CHCHLOH-CO0Ma + CHIG
Peqan — 2 — ol lasdofiorm

Saochum bulasoate

\ {Yellow ppa)
CR] |

CHyCOOH  +  CHyCH OO0

Erthamoie acid Propanaie aced

20. Although phenoxide ion has more number of resonating structures than

carboxylate ion, carboxylic acid is a stronger acid than phenol. Why?

Ans. Resonance structures of phenoxide ion are:
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It can be observed from the resonance structures of phenoxide ion that in I, IIT and IV, less
electronegative carbon atoms carry a negative charge. Therefore, these three structures
contribute negligibly towards the resonance stability of the phenoxide ion. Hence, these
structures can be eliminated. Only structures I and V carry a negative charge on the more

electronegative oxygen atom.

Resonance structures of carboxylate ion are:

“ B 1§
R—C g ) =+—e R0 li’““',,

tiz e

r i

In the case of carboxylate ion, resonating structures 1”2 and II”2 contain a charge carried by a

more electronegative oxygen atom.

Further, in resonating structures I”2 and 11”2, the negative charge is delocalized over two
oxygen atoms. But in resonating structures I and V of the phexoxide ion, the negative charge
is localized on the same oxygen atom. Therefore, the resonating structures of carboxylate ion
contribute more towards its stability than those of phenoxide ion. As a result, carboxylate
ion is more resonance-stabilized than phenoxide ion. Hence, carboxylic acid is a stronger

acid than phenol.
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