
Module34.5:CarboxylicAcids

Carboxylicacidsareorganicacidscharacterizedbythepresenceofacarboxyl

group.Ithastheformula,( )usuallywritten–COOHor–CO2H.

CarboxylicacidsareBronsted–Lowryacids—theyareprotondonors.

Saltsandanionsofcarboxylicacidsarecalledcarboxylates.Organic

compoundswithalcoholsareknownasesters.

Nomenclature:

Thenamingofcarboxylicacidsisdoneintwoways.Theyare

a.Commonmethodortrivialmethodand

b.IUPACmethod

a.Common(naming)method:

Sincecarboxylicacidsareamongsttheearliestorganiccompoundsto

beisolatedfrom nature,alargenumberofthem areknownbytheir

commonnames.Thecommonnamesendwiththesuffix–icacidand

havebeenderivedfrom LatinorGreeknamesoftheirnaturalsources.

Fore.g.,formicacid(HCOOH)wasfirstobtainedfrom redants(formica

means ant),acetic acid (CH3COOH)from vinegar(acetum means

vinegar)butyricacid(CH3CH2CH2COOH)from rancidbutter(butyrum

meansbutter)caproicacid(CH3CH2CH2CH2COOH)from goats(caper

meansgoat).ThepositionsofthesubstitutesareindicatedbyGreek

lettersα,β,γ,δetctheα-carbonbeingtheonedirectlyattachedtothe

carboxylgroup,β-thenextandsoon.



b.IUPACnomenclature:

IntheIUPACsystem,themonocarboxylicacidsarenamedas

alkanoicacids.Thenameoftheacidisderivedbyreplacingthe

terminal'e-'inthenameofthecorrespondingalkanewith'-oicacid'.

Carboxylcarbonisalwaysgivennumberonewhilenumberingthe

carbonatomsoftheparentchain.

Aromaticcarboxylicacidsarenamedbyaddingthesuffix–carboxylicacid

inplaceof‘e’ofthehydrocarbonnamethesuffix“-oicacid”canbeused.



DicarboxylicacidsarenamedasalkanedioicacidsintheIUPACsystem.

SimpledicarboxylicacidshavingthegeneralformulaHO2C–(CH2)n–

CO2Hwhere(n=0to5)areknownbythecommonnames:Oxalic(n=

0),Malonic(n=1),Succinic(n=2),Glutaric(n=3),Adipic(n=4)and

Pimelic(n=5)acids.

Commonnamessuchasthesecanbetroublesometoremember,soa

catchyphrase,havebeendevised.Forthisgroupofcompoundssuch

phraseis“OhMySuchGoodApplePie”.

Structur
e

Commonname IUPACname

HCOOH Formicacid Methanoicacid
CH3COOH Aceticacid Ethanoicacid
CH3CH2COOH Propionicacid Propanoicacid
CH3CH2CH2COOH Butyricacid Butanoicacid
(CH3)2CHCOOH Isobutyricacid 2-Methylpropanoicacid

HOOC–COOH Oxalicacid Ethanedioicacid
HOOC–CH2–COOH Malonicacid Propanedioicacid
HOOC–(CH2)2–COOH Succinicacid Butanedioicacid
HOOC–(CH2)3–COOH Glutaricacid Pentanedioicacid
HOOC–(CH2)4–COOH Adipicacid Hexanedioicacid

HOOC–CH2–CH(COOH)–CH2–
COOH

---
Propane-1,2,3-
tricarboxylicacid

Benzoicacid Benzenecarboxylic
acid(Benzoicacid)

Phenylaceticacid 2-phenylethanoicacid

Phthalicacid Benzene-1,2-
dicarboxylicacid

MethodsofPreparationofCarboxylicAcids:

a.From primaryalcohols:



Primaryalcoholsarereadilyoxidisedtocarboxylicacidswithcommon

oxidisingagentssuchaspotassium permanganate(KMnO4)inneutral,

acidicoralkalinemedia.

Theacidisfirstobtainedasitspotassium salt,whichontreatmentwith

amineralacidgivesthecarboxylicacid.

Oxidation with K2Cr2O7 orCrO3 in acidicmedium often givessome

amountofesters.HencetheoxidationbyKMnO4ispreferred.

Readilyavailablealdehydescanalsobeusedtoobtaincarboxylicacids,

whichmaybeoxidisedevenbymilderoxidisingagents.

b.From nitriles:

Hydrolysisofnitrileswithaqueousacidoralkaligivescarboxylicacids.

c.From Grignardreagent:

Grignardreagentsreactwithcarbondioxidetoform saltsofcarboxylic

acidswhichgivecarboxylicacidsonacidificationwithmineralacids.

Physicalproperties:

a.Physicalstate:

1.Thefirstthreeacidsarecolourless,pungent-smellingliquids.The

acidsfrom butyrictononanoicareoilyliquids.Butyricacidhasodour

ofrancidbutter.Theacidshigherthandecanoicacidareodourless



solids.

2.Boilingpoints:

Organicacidshavehighboilingpoints.Itisdueto
a.Intermolecularhydrogenbondings



b.StrongvanderWaalsforcesduetotheirpolarnature

Lowermembersexistas

a.Dimersintheaqueoussolutionsandvapourphase

b.Polymersintheliquidphase

Higherboilingpointsofacidsrelativetoalcoholsareduetothe

higherdegreeandstrengthofhydrogenbondinginthem (becauseof

thepresenceoftwooxygenatoms)

3.Solubility:

Thefirstfewmembersarehighlysolubleinwater.Thissolubilityis

duetothehydrogenbondingbetweencarboxylicacidandwater

molecules.



Thesolubilitydecreaseswiththeincreaseinmolecularmass.

Aromaticacidslikebenzoicacidarelesssolubleinwaterduetolarge

numberofC-atomsinthem.Carboxylicacidsaresolubleinorganic

solventslikealcohol,etherandbenzene.

Chemicalproperties:

Thereactionsofcarboxylicacidsareclassifiedasfollows

a.ReactionsinvolvingcleavageofO–Hbonds

b.ReactionsinvolvingcleavageofC–OHbonds

c.Reactionsinvolving–COOHgroups

d.Substitutionreactioninhydrocarbonpart

Acidicnatureofcarboxylicacids:



Theaqueoussolutionsofcarboxylicacidsdissociateasfollows:

Sincetheyliberatehydrogenionsinsolution,theyareacidic.Howeverthey

areweakerthanmineralacidslikeHCl,HNO3etc.Butstrongeracidsthan

alcoholsandphenols.

Carboxyliccompoundsarethemostacidicamongalltheorganic

compounds.Thiscanbeexplainedasfollows:

Carboxylic acids as wellas carboxylate ion both are stabilized by

resonance.However,carboxylate ion is more stabilized byresonance

becauseitscontributingstructuresareexactlyidentical.Thecontributing

structuresofcarboxylicacidinvolvechargeseparation.

Sincecarboxylateionismorestabilizedbyresonancethancarboxylicacid

thereforeequilibrium inabovereactionliesverymuchinforwarddirection

i.e.,infavourofionizedform.Hencecarboxylicacidsbehaveasstrong

acids.

Carboxylicacidsarestrongeracidsthanphenols.Itcanbeunderstoodby

comparingthehybridstructuresofcarboxylateionandphenoxideions.In

carboxylate ion,the negative charge is equally distributed overtwo

electronegativeatoms(oxygenatoms)whileinphenoxideion,itispresent

onlyononeoxygenatom.Thus,carboxylateionismorestabilizedas

comparedtophenoxideion.Hence,carboxylicacidsionizetothegreater

extentthanphenols



furnishinghigherconcentrationofH+ions.Thereforecarboxylicacids

behaveasstrongeracidsthanphenols.

a.ReactionsinvolvingcleavageofO–Hbonds:

Allcarboxylicacidsreleaseprotontoform morestablecarboxylateion.These
allreactionsprovesthatacidityofcarboxylicacids.

1.CarboxylicacidsliberatehydrogenwithactivemetalslikeMg,Ca,Zn,Fe

etc.,

2.Theyalsoreactwithmetalhydroxides,carbonatesandbicarbonates

b.ReactionsinvolvingcleavageofC–OHbonds:

1.Formationofanhydride(dehydration):



Carboxylicacidsonheatingwithaphosphoruspentoxideto

form acidanhydrides

2.Esterfication(acidtoester):

Carboxylicacidsreactwithalcoholsinthepresenceoffewdrops

ofconc.H2SO4toform esters(seealcoholsunit)

Whendryhydrogenchlorideisusedinthisreaction,wecalledit

FischerEsterification.



Mechanism :

3.ActionwithSOCl2:

CarboxylicacidsreactwithSOCl2toform acidchlorides.



RCOOH +SOCl2-------------RCOCl+SO2+HCl
Example:

CH3COOH +SOCl2 ------------->CH3COCl+SO2+HCl



C,Reactioninvolving–COOHgroup:

4.Reduction:

Acids are noteasilyreduced bycatalytic hydrogenation orwith

sodium andethanol.Strongreducingagentaslithium aluminium

hydridereducesanacidintoprimaryalcohol.

5.Decaboxylation:

Simple monocarboxylic acids do not lose carbon dioxide

(decarboxylation)whenheatedalone.However,whensodium saltof

thecarboxylicacidsareheatedwithsodalime(NaOH+CaO),they

yieldhydrocarbons.

ThereactionisknownasKolbe’selectrolysis.



c.Substitutionreactionsinhydrocarbonpart:

1.Halogenations:

Whencarboxylicacidsreactwithchlorineorbromineinthepresence

ofredphosphorous,theα-hydrogenatomsarereplacedbyhalogen

atoms.ItiscalledHell-Volhard-Zelinsky(HVZ)reaction.

Aceticacidreactswithchlorineinpresenceofredphosphorusto

form chloroaceticacid,dichloroaceticacidortrichloroaceticacid

dependingonthequantityofchlorinereacting.



Reviewquestions:

Exampleset:

1.TheIUPACnameof is

a.3-ethyl-2-methylpentanoicacid

b.2-ethyl-3-methylpentanoicacid

c.3-ethyl-4-methylpentanoicacid

d.2-methyl-3-ethylpentanoicacid

Solution:c)



2.When istreatedwithGrignardreagent,followedbyhydrolysis

withanacid,itformscarboxylicacid

a.CH2=CH2

b.CO2

c.CH3–CO–CH3

d.CH3CHO

Solution:b)

3.Whichcompoundislikelytohavethehighestboilingpoint

a.CH3CH3

b.CH3OCH3

c.CH3CH2OH

d.CH3COOH

Solution:d)

4.AceticacidundergoesreductionwithLiAlH4togivefinally

a.Ethanol

b.Ethane

c.Ethanal

d.Ethyne

Solution:a)

5.Whichofthefollowingreagentswillconvertaceticacidintoacetylchloride

a.NaCl

b.Conc.HCl/ZnCl2

c.SOCl2

d.HCl

Solution:c)

6.Discussaboutacidityofcarboxylicacids

Solution:



Acidicnature:

Theaqueoussolutionsofcarboxylicacidsdissociateasfollows:

Sincetheyliberatehydrogenionsinsolution,theyareacidic.However

theyareweakerthanmineralacidslikeHCl,HNO3etc.,Butstronger

acidsthanalcoholsandphenols.

Carboxyliccompoundsaremostacidicamongalltheorganic

compounds.Thiscanbeexplainedasfollows:

Carboxylic acids as wellas carboxylate ion both are stabilized by

resonance.However,carboxylateionismorestabilizedbyresonance

because its contributing structures are exactly identical. The

contributingstructuresofcarboxylicacidinvolvechargeseparation.

Sincecarboxylateionismorestabilizedbyresonancethancarboxylic

acidthereforeequilibrium inabovereactionliesverymuchinforward

directioni.e.,infavourofionizedform.Hencecarboxylicacidsbehave

asstrongacids.

Carboxylicacidsarestrongeracidsthanphenols.Itcanbeunderstood

bycomparingthehybridstructuresofcarboxylateionandphenoxide

ions.Incarboxylateion,thenegativechargeisequallydistributedover

twoelectronegativeatoms(oxygenatoms)whileinphenoxideion,itis

presentonly on one oxygen atom.Thus,carboxylate ion is more

stabilizedascomparedtophenoxideion.Hence,carboxylicacidsionize

tothegreaterextentthanphenols



furnishinghigherconcentrationofH+ions.Thereforecarboxylicacids

behaveasstrongeracidsthanphenols.

7.Writeanytwomethodsofpreparationofcarboxylicacids

Solution:

MethodsofPreparationofCarboxylicAcids:

1.From primaryalcoholsandaldehydes:

Primary alcohols are readily oxidised to carboxylic acids with

commonoxidisingagentssuchaspotassium permanganate(KMnO4)

inneutral,acidicoralkalinemedia.

Theacidisfirstobtainedasitspotassium salt,whichontreatment

withmineralacidgivesthecarboxylicacid.

OxidationwithK2Cr2O7 orCrO3 inacidicmedium oftengivessome

amountofesters.HencetheoxidationbyKMnO4ispreferred.

Readilyavailablealdehydescanalsobeusedtoobtaincarboxylic

acids,whichmaybeoxidisedevenbymilderoxidisingagents.



2.From alkylbenzenesandalkenes

Aromaticcarboxylicacidscanbepreparedbyvigorousoxidationof

alkylbenzeneswithchromicacidoracidicoralkalineKMnO4.The

–COOH groupformedisalwaysattachedtothearomaticringand

positionof-COOHgroupindicatesthepositionoforiginalsidechain

inthestartingarene(alkylbenzene).

8.WritethereactioninvolvingcleavageofC–OHbondincarboxylicacids

Solution:

a.ReactionsinvolvingcleavageofC–OHbonds:

1.Formationofanhydride(dehydration):

Acidonheatingwithaphosphoruspentoxidetoform acidanhydrides

2.Esterification(acidtoester):

Carboxylicacidsreactwithalcoholsinthepresenceoffewdropsof

conc.H2SO4toform esters(seealcoholsunit)

Whendryhydrogenchlorideisusedinthisreaction,wecalledit

FischerEsterification



3.ActionwithPCl3,PCl5orSOCl2[acidtoacidchloride]:

CarboxylicacidsreactwithPCl3,PCl5orSOCl2toform acidchlorides

ThebyproductswiththionylchloridearegaseswhereaswithPCl5and

PCl3, we have phosphorous oxychloride (volatile liquid) and

phosphorousacid(non-volatile)respectively.Thus,iftheboilingpoint

oftheacidchlorideishigherthantheboilingpointofthionylchloride,

thenthionylchlorideispreferredbecausetheresultingacidchloride

can be separated easilyfrom the excess ofthionylchloride by

distillation.

4.Reactionwithammonia:

Carboxylicacidsisheatedwithammoniatoform amides

Problem set:

1.Aliphaticcarboxylicacidsareisomericwith

a.Esters

b.Ethers

c.Ketones

d.Acidanhydride



Solution:a)

2.Inα-halogenationofaliphaticacids,thecatalystusedis

a.P4

b.Zn

c.FeCl3

d.Al

Solution:a)

3.Whenammonium formateisheated,itgives

a.Acetaldehyde

b.Aceticacid

c.Formamide

d.Formaldehyde

Solution:c)

4.Aceticacidreactswithmethylalcoholinthepresenceofanacidcatalysttogive

a.Methylformate

b.Ethylformate

c.Methylacetate

d.Ethylacetate

Solution:c)

5.ButyricacidreactswithPCl5togive

a.α-chlorobutyricacid

b.Butyrylchloride

c.1-chlorobutane

d.α,α-dichlorobutyricacid

Solution:b)

6.Howisaceticacidobtainedusinga

a.Nitriles

b.Grignardreagent



Solution:

a.From nitriles:

Hydrolysisofnitrileswithaqueousacidoralkaligivescarboxylicacids.

b.From Grignard'sreagent:

Grignardsreagentsreactwithcarbondioxidetoform saltsof

carboxylicacidswhichgivecarboxylicacidsonacidificationwith

mineralacids.

7.Givethemajororganicproductinthefollowingreactions

Solution:



8.Whyboilingpointsofcarboxylicacidarehigherthanthoseof

alcoholsorethersofcomparablemolecularweights

Solution:

Forexample,aceticacid,n-propylalcoholandethylmethyletherare

havingsamemolecularweights(60)

Aceticacidhasmoreboilingpointthann-propanolandethylmethyl

ether.Itisduetointermolecularhydrogenbondingandalsoitexistsasa

dimerinaceticacid.

n-propanolhasintermolecularhydrogenbondsonly.

Exercisequestions:

1.Howwillyousynthesizeaceticacidfrom acetylene

2.Identify(A),(B)and(C)inthefollowingreactionsequence



4.Howwillyousynthesisechloroaceticacidfrom methylchloride(in4steps)

5.Showhoweachofthefollowingcompoundscanbeconvertedtobenzoicacid

a.Ethylbenzene

b.Acetophemone

c.Phenylethene(styrene)

Solutionstoexercisequestions:

1.Followingstepsareinvolved

4.Followingstepsareinvolved





C

IITQuestions:

1.Whichofthefollowingordersofacidstrengthiscorrect?

a.RCOOH>ROH>HOH>HC≡CH

b.RCOOH>HOH>ROH>HC≡CH

c.RCOOH>HOH>HC≡CH>ROH

d.RCOOH>HC≡CH>HOH>ROH

2.Whichofthefollowingordersofbasestrengthiscorrect?

- - -
a.R>NH2>HC≡C>RCOO

b.R->NH2
->RCOO->HC≡C-

c.R->RCOO->NH2
->HC≡C-

d.HC≡C->NH2
->RCOO->R-

3.Whichofthefollowingordersofacidstrengthiscorrect?

a) CH3CH2CHCOOH<CH3CHCH2COOH<

CH2CH2COOHCl Cl Cl

b) CH3CH2CHCOOH>CH3CHCH2COOH>

CH2CH2CH2COOHCl Cl Cl

c) CH3CH2CHCOOH>CH2CH2CH2COOH>

CH2CH2CH2COOHCl Cl Cl

d) CH3CH2CHCOOH<CH2CH2CH2COOH<

CH3CHCH2COOHCl Cl Cl

-



4.Therelativeorderofesterificationofacidsis

a.RCH2COOH>R2CHCOOH>R3CCOOH

b.RCH2COOH<R2CHCOOH<R3CCOOH

c.RCH2COOH<R3CCOOH<R2CHCOOH

d.R3CCOOH>RCH2COOH>R2CHCOOH

5.Aceticaciddiffersfrom formicacidinthat

a.Aceticacidisstabletoheat

b.formicacidisstabletoheat

c.Aceticacidactsasareducingagent

d.Aceticacidshowspositivetestwithtollensreagent

6.TheHell-Volhard-Zelinskyreactionisusedinthesynthesisof

a.Aldehydesb.α-haloacids c.acidhalides d.ketones

7.Whichofthefollowingsequencesiscorrect?

a.pKa(p-O2NC6H4COOH)>pKa(C6H5COOH)>pKa(p-HOC6H4COOH)

b.pKa(p-O2NC6H4COOH)<pKa(C6H5COOH)<pKa(p-HOC6H4COOH)

c.pKa(p-O2NC6H4COOH)>pKa(C6H5COOH)<pKa(p-HOC6H4COOH)

d.pKa(p-O2NC6H4COOH)<pKa(C6H5COOH)>pKa(p-HOC6H4COOH)

8.Whichofthefollowingsequencesofratesofalkalinehydrolysisof

estersiscorrect?

a.CH3CH2COOCH3<(CH3)2CHCOOCH3<(CH3)3CCOOCH3

b.CH3CH2COOCH3>(CH3)2CHCOOCH3>(CH3)3CCOOCH3

c.CH3CH2COOCH3>(CH3)2CHCOOCH3<(CH3)3CCOOCH3

d.CH3CH2COOCH3<(CH3)2CHCOOCH3>(CH3)3CCOOCH3

9.Whenpropionicacidistreatedwithaqueoussodium bicarbonate,

CO2isliberated.TheCofCO2comesfrom :

a.Methylgroup

b.Carboxylicacidgroup

c.Methylenegroup



d.Bicarbonate

10.Benzoylchlorideispreparedfrom benzoicacidby:

a.Cl2,hv

b.SO2Cl2

c.SOCl2

d.Cl2,H2O

11.Identifythecorrectorderofboilingpointsofthefollowingcompounds:

i.CH3CH2CH2CH2OH

ii.CH3CH2CH2CHO,

iii.CH3CH2CH2CO

OHa.1>2>3

b.3>1>2

c.1>3>2

d.3>2>1

12. HOOC OH

O2N

OH

–OOC

2molesofNaNH2
A

CH

OH
–OOC OH

a.

O2N
C
H

O
–

b.

O2N

C–



C
–

HOO
C

HOOC OH
O–

c. d.

O2N
CH

O–

13.Anenantiomericallypureacidistreatedwithracemicmixtureofan

alcoholhavingonechiralcarbon.Theesterformedwillbe:

14.Givereasonsforthefollowinginoneortwosentences.

“AceticacidbehalogenatedinthepresenceofPandCl2,butformicacid

cannotbehalogenatedinthesameway.“

15.Givereasoninoneortwosentencesforthefollowing:

“Formicacidisastrongeracidthanaceticacid.”

16.AliquidX,havingamolecularformulaC6H12O2ishydrolysedwithwater

inthepresenceofanacidtogiveacarboxylicacidYandanalcoholZ.

OxidationofZwithchromicacidgivesY.WhatarethestructuresofX,

YandZ.

17.Howwillyoubringaboutthefollowingconversions?

“Ethanoicacidtoamixtureofmethanoicacidanddiphenylketone.”

18.Arrangethefollowingasstated:

“Increasingorderofacidicstrength.”

ClCH2COOH,CH3CH2COOH,ClCH2CH2COOH,(CH3)2CHCOOH,CH3COOH

19.Givereasonforthefollowing

“Inacylium ionthestructureR–C≡O+ismorestablethanR–C+=O”

20.Completethefollowingsequenceofreactionswithappropriatestructures:
CH CH COOHPand A

3 2 bromine



2.HA1.Alc.KOH(excess) B

21.WritethestructuresoftheproductsAandB

O
18 H3O+

CH3–C–OC2H5 A+B

22.Fiveisomericpara-disubstitutedaromaticcompoundsAtoEwith

molecularformulaC8H8O2weregivenforidentification.

Basedonthefollowingobservations,givestructuresofthecompounds:

i)BothAandBform asilvermirrorwithTollen’sreagent;also,B

givesapositivetestwithFeCl3solution.

ii)Cgivespositiveiodoform test.

iii)DisreadilyextractedinaqueousNaHCO3solution.

iv)Eonacidhydrolysisgives1,4dihydroxybenzene.

23.Convert(innotmorethan3steps)

COOH COOH

F

24.CompoundAofmolecularformulaC9H7O2Clexistsinketo

form andpredominantlyinenolicform B.Onoxidationwith

KMnO4,Agivesm-chlorobenzoicacid.IdentifyAandB.

Solutions:

1.b

2.a

TheorderofacidicstrengthisRCOOH>HOH>ROH>HC≡CH

ElectronreleasingalkylgroupRinROHmakesitlesseracidicthan

H2O



3.b

4.a

5.a

6.b

7.b

Thebasestrengthfollowsthereverseorderasshownbythe

correspondingacids.TheacidsareRH,NH3,HC≡CHandRCOOH.

Itsorderis

RCOOH>HC≡CH>NH3>RH.Hence,thecorrectorderofthe

conjugatebasesis

RCOO-<HC≡C-<NH2
-<R-

Nearerthechlorinetothe–COOHgroup,strongertheacidity.

Hence,thecorrectorderis

CH3CH2CHClCOOH>CH3CHClCH2COOH>CH2ClCH2CH2COOH

Increasingcrowdednessnearthesiteofesterificationdecreasestherateof

esterification.Hence,thecorrectorderis

RCH2COOH>R2CHCOOH>R3CCOOH

Aceticaciddiffersfrom formicacidinthataceticacidisstabletoheat.

TheHell-Volhard-Zelinskyreactionisusedinthesynthesisofα-haloacids.

Electron-releasinggroupmakesbenzoicacidaweakeracidwhile

electron-attractinggroupmakesitastrongertheacid,lesserthe

valueofpKa.Hence,thecorrectorderis

pKa(p-O2NC6H4COOH)<pKa(C6H5COOH)<pKa(p-HOC6H4COOH)

8.b

Thecorrectorderofalkalinehydrolysisis

CH3CH2COOCH3>(CH3)2CHCOOCH3>(CH3)3CCOOCH3

9.(d)C2H5COOH+NaHCO3⟶C2H5COONa+H2O+CO2

10.(c)SOCl2readilyreplaces–OHgroupoftheacidsby–Clatom forming

acidchloride.

C6H5COOH+SOCl2⟶C6H5COCl+SO2+HCl

Benzoicacid benzoylchloride



2

11.(b)InthesesCformsdimerduetohydrogenbondsandcompoundA,

form hydrogenbonds.Henceinthesestrongerhydrogenbondisin

compoundCthancompoundA.CompoundBdoesnotform hydrogen

bond.Thus,theyfollowthefollowingorderofmol.wt.3>1>2.Sothey

havesameorderintheirboilingpoint.

12.(a)Theacidicstrengthoftheattachedgroupsisinthefollowingorder:

COOH OH OH

> >
NO2

>H–C≡C–H

(Note:Duetoattachmentofelectronattractivegroupacidicstrength

increasesandcarboxylicacidsaremoreacidicthanphenols.)

Thetwomolesof
NHionswillabstracttwomolesofamostacidic

hydrogenoutofthefourmolesofhydrogenpresentpermoleofthe

givenacidiccompounds.Henceafterabstractionoftwomolesof

hydrogentheobtainedproductwillbeasshown:

–OOC OH

O2N
CH

O–

13.Whenopticallyactiveacidreactswithracemicmixtureofanalcohol,it

formstwotypesofisomericesters.Ineach,theconfigurationofthe

chiralcenterofacidwillremainthesame.

So,themixturewillbeopticallyactive.

14.Becauseaceticacidhas -hydrogenatomswhichcanreplaceby

halogenbutformicaciddoesnothave -hydrogen.



H
+

2

15. O O
+δ –δ

CH3–C–O–H, H–C–O–H

Aceticacid+Ieffect

Aceticacidisweakeracidthanformicaciddueto+I

effect,Hence,formicacidisstrongeracidthanacetic

acid.

16.SinceXishydrolysedtogiveanacidYandanalcoholZandthus,Xisanester

R–COOR’.

RCOOR'HOH RCOOH+R'OH

X Y Z

OxidationofalcoholZgivesanacidY,itshowsthatZisaprimaryalcohol,i.e.,

R–CH2OH

R'OHO RCOOH

X
Y

RCHOHORCOOH
R'RCH2

So, X=R–COOCH2R

∴ Xis

CH2–CH2–C–O–CH2–CH2–CH3

O
Propylpropanoate

Hence, A=CH3–CH2–COOC2H5

Ethylpropanoate

B=CH3–CH2–CO–CH–COOC2H5

CH3

Ethyl(2-methyl,1,3-ketopentanoate)



C=CH3–CH2–CO–CH–COOH

CH3

2-methyl,3-keto,pentanoicacid



17.
CHCOOH PCl5 CHCOCl+C6H6


CHCOCH

3 3
ethanoicacid

anhydrous
AlCl3

6 5 3

C6H5MgBr

Hea
t

–H2

O

C6H5C6H5–

C–CH3

OH

C6H

5

C6H5–C=CH2

[O]
C6H5COC6H5+HCOOH

Diphenylketone methanoicacid

18.Increasingorderofacid

strength(CH3)2COOH<

CH3CH2COOH

<ClCH2CH2COOH<CH3COOH<ClCH2COOH

19.ThestructureR–C≡O+ismorestablebecauseinitallelementshave

completetheiroctet,whileinR–C+=O,C–atom doesnothave

completeitsoctet.

20.CH3–
CH2COOH

Red‘P’

+Br2

CH3–CH–COOH

Br
CompoundA

(Thisbrominationtakesplaceon -carbonatom hence,init -

hydrogenisdisplaced.)

1.AlcoholicKOH
(excess)

2.H+

ThusCompoundA=CH3–CH–
COOH

Br
B=CH2=CH–COOH



CH2=CH–COOH CompoundB

21.
O

CH3–C–O18–C2H5+H–OH

H

O

CH3–C–OH+C2H5–O18–H

A B

+



22.Fiveisomericp-disubstitutedaromaticcompoundAtoEwith

molecularformulaC8H8O2,givefollowingobservations:

i.BothcompoundAandBform asilvermirrorwithTollen’sreagent,thus

theyhavealdehydicgroupintheirstructures.

Compound‘A’ Compound‘B’

CHO CH2CHO

OCH3 OH

CHO
COO

H

+Ag2O 2Ag+
Silvermirror

OCH3

Tollen’s
reagent

OCH3

CH2CHO CH2COOH

+Ag2O +Ag

InthesecomOpoHundBgivespositivetOesHtwithFeCl3solutionsoit

musthavephenolicgroupinitsstructure.Hence,compoundAisp-

methoxybenzaldehydeandBisp-hydroxyphenylacetaldehyde

ii.CompoundCgivespositiveiodoform test,soitmusthaveCH3CO–

groupinitsstructure.HencecompoundCisp-hydroxyphenyl

methylketone

COC H 3



COCH
3

COONa

+3l2+
4NaOH

+CHI3+3NaI+3H2O

OH OH OH



iii.CompoundDisreadilyextractedinaqueousNaHCO3,soitmusthave

–COOHgroupinitsstructure.

COOH COO
H

COONa

+NaHCO3 +H2O+CO2

CH3 CH3 CH3

So,compoundDisp-methylbenzoicacid

iv.CompoundEonhydrolysisgives1,4-dihydroxybenzene,

O–CH=
CH2

H2

O

OH

+H2C=
CHOH

Tautomeris
e CH3–CHO

OH OH

1,4dihydroxybenzene

SocompoundEisp-hydroxylphenylvinyl

ether.Hence,compounds

CHO CH2CH
O

COC
H3

COO
H

O–CH=CH2

&



OCH3

OH
OH CH3 OH

‘A’ ‘B’ ‘C’ ‘D’ ‘E’



23.
COO
H

Benzoic
acid
Alternativel
y

Conc.

H2SO
4

COOH

SO3

H

KHF2

Fusio
n

COOH

F

COOH
COOH

HNO
3

COOH

6H

Benzoic
acid

Presenceof

conc.H2SO450

–600C

(Nitrationby

nitrating

mixture)

NO2 BySn+conc.
HCl

NH2

COOH

F

m-fluorobenzoic
acid

(i)HBF4

24.(b)CompoundAofmolecularformulaC9H7O2Clexistsinketoform

andpredominantlyinenolicform B.Hence,compoundAmustbe

carbonylcompoundwhichhas -hydrogenatom becauseitisenolised.

Enolicform BispredominatedduetoH-bonding.

(ii)NaNO2+Dil.HClat0to
500C



Cl
Tautomerization Cl

O

Compound
‘A’

CHO

Oxidationwith
KMnO4

Cl

H---
O

H-bonding

C

O=C–H

Compound‘B’(Morestable)

COOH
m-chlorobenzoicacid


