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ALDEHYDE, KETONES AND CARBOXYLIC ACIDS

12.1 Nomenclature and Structure of Carbonyl Group :

Q. Write the common names of the following compounds :

(i) (ii) (iii)

Solution : (i) Vanillin (ii) Salicyladehyde (iii) Cinnamaldehyde

Q. Write the common names of these compounds :

(i) CH
3
CHO (ii) (iii) HCHCCHCH

||
O

2

|
Br

3 


(iv) 3

||
O

3 CHCCH  (v) (vi)

(vii)

Solution : (i) Acetaldehyde (ii) Benzaldehyde (iii) -Bromobutyraldehyde (iv) Acetone (v) Acetophenone
(vi) Propiophenone (vii) Benzophenone

Q. Write IUPAC names of these compounds :

(i) HCCH
||
O

3  (ii) HCCHCHCHCHCHCH
||
O

2

|
CH

|
Br

223

3



(iii) (iv) — CHO

(v) HCCHCHCHCH
||
O

23  (vi) 32

||
O

CHCHC 

(vii) HCCHCCHCH
||
O

2

||
O

23  (viii)
3

|
CH

||
O

|
CH

3 CHCHCCHCH

33



(ix) (x) CHOCHCHCHOHC 2

CHO
|

2 
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Solution : (i) Ethanal (ii) 4-Bromo-3-methylheptanal (iii) 3-Methylcyclopentanone
(iv) Cyclohexanacarbaldehyde (v) Pent-2-enal (vi) 1-Phenylpropan-1-one (vii) 3-Oxypentanal
(viii) 2,4-Dimethylpentan-3-one (ix) 4-Nitrobenzenecarbaldehyde or 4-Nitrobenzaldehyde
(x) Propane-1, 2, 3-tricarbaldehyde

Q. Explain the structure of carbonyl group in aldehyde and ketones.

Solution : The carbonyl carbon atom is sp3-hybridised and forms three sigma () bonds. The fourth
valence electron of carbon remains in its p-orbital and forms a -bond with oxygen by overlap with
p-orbital of an oxygen. In addition, the oxygen atom also has two non bonding electron pairs. Thus, the
carbonyl carbon and the three atoms attached to it lie in the same plane and the -electron cloud is above the
below this plane. The bond angles are approximately 1200 as expected of a trigonal coplanar structure.

Q. Why carbonyl compounds are polar ?

Solution : The carbon-oxygen double bond is polarised due to higher electronegativity of oxygen relative
to carbon. Hence, the carbonyl carbon is an electrophilic (Lewis acid), and carbonyl oxygen, a nucleophilic
(Lewis base) centre. Carbonyl compounds have substantial dipole moment and are polar than ethers. The
high polarity of the carbonyl group is explained on the basis of resonance involving a neutral (A) and a
dipolar (B) structures as shown.

12.2 Preparation of Aldehydes and Ketones :

Q. Explain the Rosenmund reduction reaction.

Solution : Acyl chloride (acid chloride) is hydrogenated over catalyst, palladium on barium sulphate. This
reaction is called Rosenmund reduction.

 
2

4

H

BaSOPd
 


 

Q. Explain the Stephen reduction method ?

Solution : Nitriles are reduces to corresponding imine with stannous chloride in the presence of
hydrochloric acid, which on hydrolysis give corresponding aldehyde.

RCHONHRCHHClSnClRCN
OH

2
3 



This reaction is called Stephen reaction.

Q. What is effect of adding DIBALH on Cyanides and esters ?

Solution : Nitriles are selectively reduced by diisobutylaluminium hydride, (DIBAL-H) to imines
followed by hydrolysis to aldehydes :

CHORRCN
OH.2

)Bui(AlH.1

2

2  


CHOCHCHCHCHCHCNCHCHCHCHCH 223
OH.2

)Bui(AlH.1
223

2

2  


Similarly, esters are also reduced to aldehydes with DIBAL-H.

HC)CH(CHHOCC)CH(CH
||
O

923
OH.2

HDIBAL.1
52

||
O

923
2

 




CAK&CA – 3

Einstein Classes,  Unit No. 102, 103, Vardhman Ring Road Plaza, Vikas Puri Extn., Outer Ring Road

New Delhi – 110 018, Ph. : 9312629035, 8527112111

Q. Write different method of converting toluene to benzaldehyde.

Solution : Aromatic aldehydes (benzaldehyde and its derivatives) are prepared from aromatic
hydrocarbons by the following methods :

(i) By oxidation of methylbenzene : Strong oxidising agents oxidise toluene and its derivatives to benzoic
acids. However, it is possible to stop the oxidation at the aldehyde state with suitable reagents that convert
the methyl group to an intermediate that is difficult to oxidise further. The following methods are used for
this purpose. (a) Use of chromyl chloride (CrO

2
Cl

2
) : Chromyl chloride oxidises methyl group to a

chromium complex, which on hydrolysis gives corresponding benzaldehyde.

 
 2CS

22ClCrO
   

OH3  

This reaction is called Etard reaction.

Use of chlromic oxide (CrO
3
) : Toluene or substituted toluene is converted to bezylidene diacetate on

treating with chromic oxide in acetic anhydride. The benzylidene diacetate can be hydrolysed to
corresponding benzaldehyde with aqueous acid.

 + CrO
3
 + (CH

3
CO)

2
O  

 K283273   

 
OH3

 

By Gatterman - Koch reaction : When benzene or its derivative is treated with carbon monoxide and
hydrogen chloride in the presence of anhydrous aluminium chloride or cuprous chloride, it gives
benzaldehyde or substituted benzaldehyde.

 
HCl,CO

CuCl/AlCl.Anhyd 3
   

Q. Write a method of preparation of ketone by reaction of CdCl
2
 with RMgX and RCOCl.

Treatment of acyl chlorides with dialkylcadmium, prepared by the reaction of cadmium chloride with Grignard
reagent, give ketones.

2

O
||

2

O
||

22

CdClRCR2CdRClCR2

Cl)X(Mg2CdRCdClXMgR2





Q. Explain the Friedel-Craft acylation method.

Solution : When benzene or substituted benzene is treated with acid chloride in the presence of anhydrous
aluminium chloride, it affords the corresponding ketone. This reaction is known as Friedel-Crafts acylation
reaction.

 + ClCR/Ar
||
O

    3AlCl.Anhyd  
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Q. Complete the following reaction : BAMgBrHCCNCHCH
OHether

5623
3  



.

Solution : (A) MgBrNCCHCH

56HC
|

23   (B) 56

||
O

23 HCCCHCH 

Q. Give names of the reagent to bring about the following transformations :

(i) Hexan-1-ol to hexanal (ii) Cyclohexanol to cyclohexanone (iii) p-Fluorotoluene to
p-fluorobenzaldehyde (iv) Ethanenitile to ethanal (v) Allyl alcohol to propenal (vi) But-2-ene to ethanal

Solution : (i) C
5
H

5
NH+CrO

3
Cl(PCC) (ii) K

2
Cr

2
O

7
 in acidic medium (iii) CrO

3
 in the presence of acetic

anhydride/1.CrO
2
Cl

2
 2. HOH (iv) (Diisobutyl) aluminium hydride (DIBAL-H) (v) PCC (vi) O

3
/H

2
O-Zn

dust

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

(i)  
2

3

CS

AlCl.Anhyd
  (ii)  COClCH2Cd)CHHC( 32256

(iii)  


42
2 SOH,Hg

3 HCCCH (iv)  

 

OH.2

ClCrO.1

3

22

Solution : (i)  (ii) 562

||
O

3 HCCHCCH   (iii) 3

||
O

3 CHCCH   (iv) 

Q. Explain why boiling point of aldehyde and ketones are higher than those of hydrocarbon but less
than alcohol.

Solution : The boiling points of aldehydes and ketones are higher than hydrocarbons and ethers of
comparable molecular masses. It is due to weak molecular association in aldehydes and ketones arising out
of the dipole-dipole interactions. Also, their boiling points are lower than those of alcohols of similar
molecular masses due to absence of intermolecular hydrogen bonding.

The lower members of aldehydes and ketones such as methanal, ethanal and propanone are miscible with
water in all proportions, because they form hydrogen bond with water.

However, the solubility of aldehydes and ketones decreases rapidly on increasing the length of alkyl chain.
All aldehydes and ketones are fairly soluble in organic solvents like benzene, ether, methanol, chloroform
etc.

Q. Arrange the following compounds in the increasing order of their boiling points :

CH
3
CH

2
CH

2
CHO, CH

3
CH

2
CH

2
CH

2
OH, H

5
C

2
 – O – C

2
H

5
, CH

3
CH

2
CH

2
CH

3

[NCERT Solved Example 12.2]
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Solution : CH
3
CH

2
CH

2
CH

3 
< H

5
C

2
 – O – C

2
H

5 
< CH

3
CH

2
CH

2
CHO < CH

3
CH

2
CH

2
CH

2
OH

Q. Arrange the following compounds in increasing order of their boiling points.

CH
3
CHO, CH

3
CH

2
OH, CH

3
OCH

3
, CH

3
CH

2
CH

3
 [NCERT Solved Example 12.3]

Solution : CH
3
CH

2
CH

3 
< CH

3
OCH

3 
< CH

3
CHO < CH

3
CH

2
OH

12.4 Chemical Reactions :

Q. Explain nucleophilic addition reactions in aldehyde and ketones.

Solution : A nucleophile attacks the electrophilic carbon atom of the polar carbonyl group from a direction
approximately perpendicular to the plane of sp2 hybridised orbitals of carbonyl carbon. The hybridisation
of carbon changes from sp2 to sp3 in this process, and a tetrahedral alkoxide intermediate is produced. This
intermediate captures a proton from the reaction medium to give the electrically neutral product. The net
result is addition of Nu– and H+ across the carbon oxygen double bond.

Q. Why Aldehydes are more reactive than Ketones ?

Solution : There are two reasons for this, they are as follows : 1. Steric Factor 2. Electronic factor

1. Steric Factor : With one group being the small hydrogen atom, the central carbon of the tetrahedral
product formed from the aldehyde is less crowded and the product is more stable.

With ketones two alkyl groups at the carbonyl carbon causes greater steric crowding in the tetrahedral
product and make it less stable. Therefore small concentration is present at equilibrium.

2. Electronic Factor : Because alkyl group are electron releasing therefore aldehydes are more reactive on
electronic grounds as well. Aldehyde have one electron releasing alkyl group to stablise the partial positive
charge on the carbon atom of the carbonyl group. Whereas ketones have two alkyl groups.

Q. Convert acetone to methylacrylic acid.

Solution : 

Q. Give mechanism of nucleophilic addition of cyanide to aldehyde or ketones.

Solution :  

Q. Convert formaldehyde to ethanol.

Solution :  



CAK&CA – 6

Einstein Classes,  Unit No. 102, 103, Vardhman Ring Road Plaza, Vikas Puri Extn., Outer Ring Road

New Delhi – 110 018, Ph. : 9312629035, 8527112111

Q. Write a note on the acetal formation and show its mechanism.

Solution : (i)  (General reaction)

for e.g.,

Important :

Mechanism :

(i)

(ii)

(iii)

Q. Give general reaction for the formation of addition derivative of nitrogen from aldehyde.

Solution : (i)

H
2
N – G Product

H
2
N – OH Hydroxylamine  = N – OH oxime

H
2
N – NH

2
Hydrazine  = N – NH

2
Hydrazone

H
2
N – NHC

6
H

5
Phenylhydrazine  = N – NHC

6
H

5
Phenylhydrazone

H
2
N – NHCOCH

2
Semicarbazine  = NNHCOCH

2
Semicarbazone
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Q. Write the product formed by the reduction of aldehyde on hydrogenation and by LiAlH
4
.

Solution : Reduction to alcohol

Q. Explain the Clemmenson’s reduction and Wolf-kishner reduction.

Solution :  

Q. When ketnoes and oxidised with strong oxidant than identify the product formed.

Solution : Ketones with strong oxidants and at high temperature undergo cleavage of C-C bond on either
side of carbonyl group.

Carbonyl Group after bond cleavage goes with that alkyl group which is of smaller size.

Q. Write a note on Haloform Test.

Solution : Methylketones :

Q. An organic compound (A) with molecular formula C
8
H

8
O forms an orange-red precipitate with

2,4-DNP reagent and gives yellow precipitate on heating with iodine in the presence of sodium
hydroxide. It neither reduces Tollens’ or Fehlings’ reagent, nor does it decolourise bromine water or
Baeyer’s reagent. On drastic oxidation with chromic acid, it gives a carboxylic acid (B) having
molecular formula C

7
H

6
O

2
. Identify the compounds (A) and (B) and explain the reactions involved.

[NCERT Solved Example 12.4]

Solution : (A) forms 2,4-DNP derivative. Therefore, it is an aldehyde or a ketone. Since it does not reduce
Tollen’s or Fehling reagent, (A) must be a ketone. (A) responds to iodoform test. Therefore, it should be a
methyl ketone. The molecular formula of (A) indicates high degree of unsaturation, yet it does not decolourise
bromine water or Baeyer’s reagent. This indicates the presence of unsaturation due to an aromatic ring.

Compound (B), being an oxidation product of a ketone should be a carboxylic acid. The molecular formula
of (B) indicates that it should be benzoic acid and compound (A) should, therefore, be a monosubstituted
aromatic methyl ketone. The molecular formula of (A) indicates that it should be phenyl methyl ketone
(acetophenone). Reactions are as follows :
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Q. Why the -hydrogen of aldehyde and ketones shows acidic character ?

Solution : The aldehydes and ketones undergo a number of reactions due to the acidic nature of
-hydrogen.

The acidity of -hydrogen atoms of carbonyl compounds is due to the strong electron withdrawing effect of
the carbonyl group and resonance stabilisation of the conjugate base.

Q. Write a note on Aldol condensation with example.

Solution : Aldehydes and ketones having at least one -hydrogen undergo a reaction in the presence of
dilute alkali as catalyst to form -hydroxy aldehydes (aldol) or -hydroxy ketones (ketol), respectively.
This is known as Aldol reaction.

Ethanal
3 CHOCH2    

)product
oncondensatiAldol(

enal2But
3OH

)Aldol(
altanHydroxybu3

2

OH
|

3 CHOCHCHCHCHOCHCHCH
2









 

opanonePr
33 CHCOCH2    

)product
oncondensatiAldol(

one2en3Methylpent4
3

|
CH

3OH

one2tanmethylpen4Hydroxy4
)Ketol(

32

OH
|

|
CH

3 CHCOCHCCHCHCOHCCCH

3

2

3









 

The name aldol is derived from the names of the two functional groups, aldehyde and alcohol, present in
the products. The aldol and ketol readily lose water to give , -unsaturated carbonyl compounds which are
aldol condensation products and the reaction is called Aldol condensation.

Q. Explain cross aldol condensation with example.

Solution : When aldol condensation is carried out between two different aldehydes and / or ketones, it is
called cross aldol condensation. If both of them contain -hydrogen atoms, it gives a mixture of four
products. This is illustrated below by aldol reaction of a mixture of ethanal and propanal.

 
 

.2

NaOH.1
 









productsaldolselforsimple

propanalof
moleculestwofrom

enal2Methylpent2
CH
|

23

ethanalofmoleculestwofrom
enal2But

3 CHOCCHCHCHCHOCHCHCH

3

productsaldolcross

3

propanalofmoleculeoneandethanalofmoleculeonefrom

enal2Pent
23

enal2Methylbut2
CH
|

3 CHCHOCHCHCHCHOCCHCH






Ketones can also be used as one component in the cross aldol reactions.
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Q. Write the major product formed when benzaldehyde reacts with acetophenone under basic
condition.

Solution : 

Q. Write a note of Cannizzaro reaction with example.

Solution : In the presence of an concentrated base i.e. alkali, aldehydes containing no -hydrogens
undergo self oxidation and reduction to yield a mixture of an alcohol.

(i)

(ii)

Q. Write a note on crossed cannizzaro reaction with example.

Solution :

12.6 Nomenclature and Structure of Carboxyl Group :

Q. Among carboxylic carbon and in aldehyde carbonyl carbon which carbon is more electrophilic in
nature.

Solution : The carboxylic carbon is less electrophilic than carbonyl carbon because of the possible
resonance structure shown below :
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Q. Give the IUPAC names of the following compounds :

(i) Ph CH
2
CH

2
COOH (ii) (CH

3
)

2
C = CHCOOH (iii)  (iv) 

12.7 Methods of Preparation of Carboxylic Acids :

Q. How the carboxylic acid are formed from 10 alcohol ?

Solution : Oxidation of alcohols (10)

Q. Convert (i) toluene to benzoic acid (ii) n-propyl benzene to benzoic acid.

Solution : Aromatic carboxylic acids can be prepared by vigorous oxidation of alkyl benzenes with
chromic acid or acidic or alkaline potassium permanganate. The entire side chain is oxidised to the
carboxyl group irrespective of length of the side chain. Primary and secondary alkyl groups are oxidised in
this manner while tertiary group is not affected. Suitably substituted alkenes are also oxidised to carboxylic
acids with these oxidising reagents.

Q. How we can convert nitrile into amides and carboxylic acids ?

Solution : Nitriles are hydrolysed to amides and then to acids in the presence of H+ or HO  as catalyst. Mild

reaction conditions are used to stop the reaction at the amide stage.

RCOOHNHCRCNR
HOorH

2

||
O

OH

HOorH

2 
  



3
acidEthanoic

3
OH

Ethanamide
23 NHCOOHCHCONHCH 3  





Q. Convert Grignard reagent into carboxylic acid having more than one carbon in grignard reagent.

Solution :  
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Q. How the acyl halides and anhydrides can be converted into carboxylic acid ?

Solution : Acid chlorides when hydrolysed with water give carboxylic acids or more readily hydrolysed
with aqueous base to give carboxylate ions which on acidification provide corresponding carboxylic acids.
Anhydrides on the other hand are hydrolysed to corresponding acid(s) with water.

acidBenzoic
56

OH

anhydrideBenzoic
256 COOHHC2O)COHC( 2 

acidEthanoic
3

acidBenzoic
56

OH

anhydride
ethanoicBenzoic

356 COOHCHCOOHHCCOOCOCHHC 2  

Q. Convert (i) ethyl benzoate into benzoic acid (ii) ethyl butanoate into butanoic acid.

Solution : Acidic hydrolysis of esters gives directly carboxylic acids while basic hydrolysis gives
carboxylates, which on acidification give correspondings carboxylic acids.

(i) 

(ii) 

Q. Show how each of the following compounds can be converted to benzoic acid.

(i) Ethylbenzene (ii) Acetophenone (iii) Bromobenzene (iv) Phenylethene (Styrene)

12.8 Physical Properties :

Q. Why carboxylic acid have higher boiling point than alcohols and aldehydes ?

Solution : Carboxylic acids are higher boiling liquids than aldehydes, ketones and even alcohols of
comparable molecular masses. This is due to more extensive association of carboxylic acid molecules
through intermolecular hydrogen bonding. The hydrogen bonds are not broken completely even in the
vapour phase. In fact, most carboxylic acids exist as dimer in the vapour phase or in the aprotic solvents.

Q. Which carboxylic acids are miscible in water ?

Solution : Simple aliphatic carboxylic acids having upto four carbon atoms are miscible in water due to the
formation of hydrogen bonds with water. The solubility decreases with increasing number of carbon atoms.
Higher carboxylic acids are practically insoluble in water due to the increased hydrophobic interaction of
hydrocarbon part. Benzoic acid, the simplest aromatic carboxylic acid is nearly insoluble in cold water.
Carboxylic acids are also soluble in less polar organic solvents like benzene, ether, alcohol, chloroform,
etc.
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12.9 Chemical Reactions :

Q. Write the reactions with metals and alkalines of carboxylic acids.

Solution : The carboxylic acids like alcohols evolve hydrogen with electropositive metals and form salts
with alkalies similar to phenols. However, unlike phenols they react with weaker bases such as carbonates
and hydrogencarbonates to evolve carbon dioxide. This reaction is used to detect the presence of carboxyl
group in an organic compound.

223

2

2
ecarboxylatSodium

COOHNaOCORNaHCOCOOHR

OHNaOCORNaOHCOOHR

HNaOCOR2Na2COOHR2
















Q. What is the effect of substituents on the acidity of carboxylic acids ?

Solution : Substituents may affect the stability of the conjugate base and thus, also affect the acidity of the
carboxylic acids. Electron withdrawing groups increase the acidity of carboxylic acids by stabilising the
conjugate base through delocalisation of the negative charge by inductive and/or resonance effects.
Conversely, electron donating groups decrease the acidity by destabilising the conjugate base.

The effect of the following groups in increasing acidity order is

Ph < I < Br < Cl < F < CN < NO
2
 < CF

3

Q. Arrange the following acid in the decreasing order of acidic strength.

CF
3
COOH, CCl

3
COOH, CHCl

2
COOH, NO

2
CH

2
COOH, NC-CH

2
COOH

Solution : CF
3
COOH > CCl

3
COOH > CHCl

2
COOH > NO

2
CH

2
COOH > NC-CH

2
COOH >

Q. Arrange the following acid in the decreasing order of acidic strength.

FCH
2
COOH, ClCH

2
COOH, BrCH

2
COOH, HCOOH, ClCH

2
CH

2
COOH

Solution : FCH
2
COOH > ClCH

2
COOH > BrCH

2
COOH > HCOOH > ClCH

2
CH

2
COOH

Q. Arrange the following acid in the decreasing order of acidic strength.

C
6
H

5
COOH, C

6
H

5
CH

2
COOH, CH

3
COOH, CH

3
CH

2
COOH

Solution : C
6
H

5
COOH > C

6
H

5
CH

2
COOH > CH

3
COOH > CH

3
CH

2
COOH

Q. When phenyl or vinyl groups are directly attached to the carboxylic group then what is the effect
on the acidity of carboxylic acids.

Solution : Direct attachment of groups such as phenyl or vinyl to the carboxylic acid, increases the acidity
of corresponding carboxylic acid, contrary to the decrease expected due to resonance effect shown
below :
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This is because of greater electronegativity of sp2 hybridised carbon to which carboxyl carbon is attached.
The presence of electron withdrawing group on the phenyl of aromatic carboxylic acid increases their
acidity while electron donating groups decrease their acidity.

Q. Convert ethanoic acid into ethanoic anhydride.

Solution : Carboxylic acids on heating with mineral acids such as H
2
SO

4
 or with P

2
O

5
 give corresponding

anhydride.

Q. Write a note on esterification of carboxylic acid along with mechanism.

Solution : Carboxylic acids are esterified with alcohols or phenols in the presence of a mineral acid such as
concentrated H

2
SO

4
 or HCl gas as a catalyst.

Mechanism of esterification of carboxylic acids : The esterification of carboxylic acids with alcohols is
a kind of nucleophilic acyl substitution. Protonation of the carbonyl oxygen activates the carbonyl group
towards nucleophilic addition of the alcohol. Proton transfer in a tetrahedral intermediate converts the
hydroxyl group into –+OH

2
 group, which, being a better leaving group, is eliminated as neutral water

molecule. The protonated ester so formed finally loses a proton to give the ester.

Q. Write the reaction of carboxylic acid with PCl
5
, PCl

3
 and SOCl

2
.

Solution : The hydroxyl group of carboxylic acids, behaves like that of alcohols and is easily replaced by
chlorine atom on treating with PCl

5
, PCl

3
 or SOCl

2
. Thionyl chloride (SOCl

2
) is preferred because the other

two products are gaseous and escape the reaction mixture making the purification of the products easier.

HClSORCOClSOClRCOOH

POHRCOCl3PClRCOOH3

HClPOClRCOClPClRCOOH

22

333

35







Q. Convert acetic acid into acetamide, convert benzoic acid into benzamide and convert pthalic acid
into phthalimide.

Solution : Carboxylic acids react with ammonia to give ammonium salt which on further heating at high
temperature gives amides.

(i) 
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(ii) 

(iii) 

Q. With which reagents carboxylic acids can be reduced to 10 alcohol.

Solution : Carboxylic acids are reduced to primary alcohols by lithium aluminium hydride or better with
diborane. Diborance does not easily reduce functional groups such as ester, nitro, halo, etc. Sodium
borohydride does not reduce the carboxyl group.

OHCHRCOOHR 2
OH)ii(

HBorether/LiAlH)i(

3

624  


Q. Write a note on decarboxylation.

Solution : Carboxylic acids lose carbon dioxide to form hydrocarbons when their sodium salts are heated
with sodalime (NaOH and CaO in the ratio of 3 : 1). The reaction is known as decarboxylation.

32
Heat

CaO&NaOH
CONaHRCOONaR  

Q. Write a note on HVZ reaction.

Solution : Carboxylic acids having an -hydrogen are halogenated at the -position on treatment with
chlorine or bromine in the presence of small amount of red phosphorus to give -halocarboxylic acids. The
reaction is known as Hell-Volhard-Zelinsky reaction.

COOHHCRCOOHCHR

X
|OH)ii(

phosphorusdRe/X)i(
2

2

2  

X = Cl, Br (-Halocarboxylic acid)

Q. Aromatic carboxylic acid does not undergo friedel crafts reaction. Explain it.

Solution : Aromatic carboxylic acids undergo electrophilic substitution reactions in which the carboxyl
group acts as a deactivating and meta-directing group. They however, do not undergo Friedel-Crafts
reaction (because the carboxyl group is deactivating and the catalyst aluminium chloride (Lewis acid) gets
bonded to the carboxyl group).
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Q. Convert benzoic acid to m-Nitrobenzoic acid.

Solution : 

Q. Convert benzoic acid to metabromo benzoic acid.

Solution : 

Q. Which acid of each pair shown here would you expect to be stronger ?

(i) CH
3
CO

2
H or CH

2
FCO

2
H (ii) CH

2
FCO

2
H or CH

2
ClCO

2
H (iii) CH

2
FCH

2
CH

2
CO

2
H or

CH
3
CHFCH

2
CO

2
H (iv) .

Solution : (i) CH
2
FCO

2
H (ii) CH

2
FCO

2
H (iii) CH

3
CHFCH

2
CO

2
H (iv) 



CAK&CA – 16

Einstein Classes,  Unit No. 102, 103, Vardhman Ring Road Plaza, Vikas Puri Extn., Outer Ring Road

New Delhi – 110 018, Ph. : 9312629035, 8527112111

NCERT EXERCISE

12.1 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 (ix) 2,4-DNP-derivative

(x) Schiff’s base

12.2 Name the following compounds according to IUPAC system of nomenclature :

(i) CH
3
CH(CH

3
)CH

2
CH

2
CHO (ii) CH

3
CH

2
COCH(C

2
H

5
)CH

2
CH

2
Cl

(iii) CH
3
CH = CHCHO (iv) CH

3
COCH

2
COCH

3

(v) CH
3
CH(CH

3
)CH

2
C(CH

3
)

2
COCH

3

(vi) (CH
3
)

3
CCH

2
COOH (vii) OHCC

6
H

4
CHO-p

A. (i) 4-Methylpentanal (ii) 6-Chloro-4-ethylhexan-3-one (iii) But-2-en-1al (iv) Pentane-2, 4-dione
(v) 3, 3, 5-Trimethylhexan-2-one (vi)3, 3-Dimethylbutanoic acid (vii) Benzene-1, 4-decarbaldehyde

12.3 Draw the structures of the following compounds :

(i) 3-Methylbutanal (ii) 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

A. (i)  (ii)  (iii) 

(iv)  (v)  (vi) 

(vii)  (viii) 

12.4 Write the IUPAC names of the following ketones and aldehydes. Wherever possible, give also
common names.

(i) CH
3
CO(CH

2
)

4
CH

3
(ii) CH

3
CH

2
CHBrCH

2
CH(CH

3
)CHO

(iii) CH
3
(CH

2
)

5
CHO (iv) Ph – CH = CH – CHO

(v) (vi) PhCOPh

A. (i) Heptan-2-one (ii) 4-Bromo-2-methyl-hexanal (iii) Heptanal (iv) 3-Phenylprop-2-enal
(v) Cyclopentane-carbaldehyde (vi) Diphenylmethanone

12.5 Draw structures of the following derivatives :

(i) The 2,4-dinitrophenylhydrazone of benzaldehyde

(ii) Cyclopropanone oxime

(iii) Acetaldehydedimethyl acetal

(iv) The semicarbazone of cyclobutanone

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

(vi) The methyl hemiacetal of formaldehyde

A. (i)  (ii)  (iii) 
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(iv)  (v)  (vi) 

12.6 Predict the products formed when cyclohexanecarbaldehyde reacts with following reagents.

(i) PhMgBr and then H
3
O+ (ii) Tollen’s reagent

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

(v) Zinc amalgam and dilute hydrochloric acid

A. (i)  (ii) 

(iii)  (iv)  (v) 

12.7 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 (ix) 2, 2-Dimethylbutanal.

12.8 How will you convert ethanol into the following compounds ?

(i) Butane-1, 3-diol (ii) But-2-enal (iii) But-2-enoic acid

A. (i)

diol31,Butane
223

NaBH

)(Reduction
analHydroxybut3

23

NaOHDil.

on)condensati(Aldol
Ethanal

3 OHCHCHCHOHCHCHOCHCHOHCHCHO2CH
4



  

(ii) 
nale2But

3OH–
analHydroxybut3

23

NaOHDil.

on)condensati(Aldol
Ethanal

3 CHO–CHCHCHCHOCHCHOHCHCHO2CH
2 





  

(iii) 
acidenoic2But

23
reagents'Tollen

OH])NH(Ag[

enal2But
3

NaOHDil.

OH–,
Ethanal

3 HCHCOCHCHCHCHOCHCHCHOCH 23

2 


  


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

12.10 An organic compound with the molecular formula C
9
H

10
O forms 2, 4-DNP derivative, reduces Tollen’s

reagent and undergoes Cannizzaro reaction. On vigorous oxidation, it gives 1, 2-benzenedicarboxylic
acid. Identify the compound.
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A.

12.11 An organic compound (A) (molecular formula C
8
H

16
O

2
) 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-1ene. Write equations for the reactions involved.

A. , , ]

12.12 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).

(ii) CH
3
CH

2
CH(Br)COOH, CH

3
CH(Br)CH

2
COOH, (CH

3
)

2
CHCOOH, CH

3
CH

2
CH

2
COOH

(acid strength)

(iii) Benzoic acid, 4-Nitrobenzoic acid, 3, 4-Dinitrobenzoic acid, 4-Methoxybenzoic acid (acid
strength)

A. (i) 

(ii) 

(iii) Since electron-donating groups decrease the acid strength, 4-methoxybenzoic acid is a weaker
acid then benzoic acid. Since electron-withdrawing groups increase the acid strength, 4-nitrobenzoic
acid and 3, 4-dinitrobenzoic acids are stronger acids the benzoic acid. Further due to the presence of
an additional NO

2
 group at m-position w.r.t. COOH group, 3, 4-dinitrobenzoic acid is a stronger acid

than 4-nitrobenzoic acid. Thus, the overall acid strength increases in the order :

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

12.13 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

A. (i) (1) Tollen’s reagent test (2) Iodoform test (ii) The two compounds can be distinguished by
performing iodoform test (iii) (1) FeCl

3
 test : Phenol gives a voilet colour with neutral FeCl

3
 but

benzoic acid gives buff coloured ppt. of ferric benzoate (2) Sodium bicarbonate test : Phenol is a
weaker acid than benzoic acid while benzoic acid decomposes sodium bicarbonate, phenol does not.
(iv) (1) Iodoform test (2) Sodium bicarbonate test (v) Pentan-2-one is a methyl ketone, therefore, it
gives iodoform test with NaOI. Pentan-3-one is not a methyl ketone, hence, it does not respond to
iodoform test (vi) (1) Acetophenone is a methyl ketone. It responds to iodoform test while
benzaldehyde does not (2) Benzaldehyde being an aldehyde reduces Tollen’s reagent whereas
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acetophenone does not (vii) The two compounds can be distinguished by iodoform test

12.14 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.

A. (i)

42

3

3

232

SOH

OHCH

acidBenzoic
56

OH)ii(

CO)i(

bromide
meanesiumPhenyl
56

ether/Mg

benzene
Bromo

56
FeBr/Br

Benzene
66 COOHHCMgBrHCBrHCHC     




C
6
H

5
COOCH

3

(ii)     


3

3

22 HNO.conc

acidBezoic
56

OH)ii(

CO)i(
56

ether/Mg
56

Fe/Br

Benzene
66 COOHHCMgBrHCBrHCHC

(iii)   




,SOH.conc
HNO.conc

Toluene
356

AlCl.Anhyd/ClCH

)alkylationCraftsFriedel(
Benzene

66
42

333

CHHCHC

 
filtration

bySeparated
    

42

4

SOH.Dil)ii(

,KOH/KMnO)i(
 


 

(iv) 
cyanideBenzyl

256
,KCN.Alc

bromideBenzyl
256

hvand,Br

Toluene
356

ClCH

AlCl.Anhyd
Benzene

66 CNCHHCBrCHHCCHHCHC 2
3

3
    

 
acidicPhenylacet

256
OH/H

COOHCHHC2 


(v) 


  
,SOH.conc

HNO.conc
356

ClCH

AlCl.Anhyd
Benzene

66
42

3
3

3
CHHCHC   


 

OH)ii(

O)COCH/(CrO)i(

3

233  
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12.15 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) Benzaldehyde to -Hydroxyhenylacetic acid

(ix) Benzoic acid to m-Nitrobenzyl alcohol

A. (i) 
openePr

23
K443

SOH.conc

ol2opanPr
3

|
OH

3
NaBH

opanonePr
3

||
O

3 CHCHCHCHCHCHCHCCH 424   


(ii) 
deBenzaldehy

56

BaSOPd/H

reduction
s'Rosenmund

chlorideBenzoyl
56

SOCl

HCl,SO
acidBenzoic

56 CHOHCCOClHCCOOHHC
422

2




  

(iii) 
analHydroxybut3

2

|
OH

3

NaOHDil

oncondensati
Aldol

Ethanal
3

PCC

matechlorochro
Pyridinium

Ethanol
23 CHOCHCHCHCHOCHOHCHCH



  

(iv) 
3

42

23

3

HNO.conc

SOH.conc
neAcetopheno

356

O)COCH(

AlCl.Anhyd
Benzene

66 COCHHCHC     

(v) 
neBenzopheno

5656

HC

AlCl.Anhy56
SOCl

acidBenzoic
56

SOH

OCrK

deBenzaldehy
56 HCOCHCCOClHCCOOHHC]O[CHOHC

66

3

2

42

722    

(vi) 

  

OH.2

CHOCH.1

bromide
mangnesiumPhenyl
56

etherDry

neBromobenze
56

3

3MgBrHCMgBrHC  

(vii) 
ol1anPhenylprop3
22256

Ni/H

ionHydrogenat

)hydeCinnamalde(
enal2Phenylprop3

56

oncondensati
AldolCross

NaOH.Dil
3

deBenzaldehy
56 OHCHCHCHHCCHCHOCHHCCHOCHCHOHC

2



  

(viii) 

)acid
Mendelic(acidacetic

nylhydroxyphe

|
OH

56

OH/H

Hydrolysis

ncyanohydri
deBenzaldehy

|
OH

56
deBenzaldehy

56 COOHCHHCCNCHHCHCNCHOHC
2



 



(ix) 
3

42

HNO.conc

,SOH.conc
acidBenzoic

56 COOHHC  


   
OHCH3     4LiAlH
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12.16 Describe the following :

(i) Acetylation (ii) Cannizzaro reaction

(iii) Cross aldol condensation (iv) Decarboxylation

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

(i)  
4KMnO

Heat,KOH
  (ii)  

Heat

SOCl2 

(iii)   22NCONHNHH
56 CHOHC (iv)    356 AlCl/COClHC

(v)   
])NH(Ag[ 23

(vi)   
HCl/NaCN

(vii)  
 

NaOH.dil
(viii) 5223 HCOOCCOCHCH  


 

H)ii(

NaBH)i( 4

(ix)    3CrO
(x) = CH

2
   

(xi) 2
3

2

O)i(

OHZn)ii(
 



A. (i)  (ii)      (iii) 
onesemicarbazdeBenzaldehy

2256 OHNNHCONHCHHC 

(iv)  + HCl (v)  (vi) 

(vii) 

enal2prop
phenyl3Methyl2

|
CH

56 CHOCCHHC

3




  (viii) 
anoatehydroxybut3Ethyl

522

|
OH

3 HCOOCCHCHCH


  (ix)  (x) (1)

(i) B
2
H

6
/THF (ii) H

2
O

2
/OH– (2) PCC/CH

2
Cl

2 
(xi) 
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12.18 Give possible exaplanation for each of the following :

(i) Cyclohexanone forms cyanohydrin in good yield but 2, 2, 6-trimethylcyclohexanone does
not.

(ii) There are two – NH
2
 groups in semicarbazide. However, only one is involved in the

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.

12.19 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 virogous oxidation it gives ethanoic
and propanoic acid. Write the possible structure of the compound.

A. The compound is methyl ketone and its structure would be : CH
3
COCH

2
CH

2
CH

3

12.20 Although phenoxide ion has more number of resonating structures than carboxylate ion, carboxylic
acid is a stronger acid than phenol. Why ?
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ADDITIONAL QUESTIONS AND PROBLEMS

Q. Write the structures of the following compounds :

(i) -Methoxypropionaldehyde

(ii) 3-Hydroxybutanal

(iii) 2-Hydroxycyclopentanecarbaldehyde

(iv) 4-Oxopentanal

(v) Di-sec butyl ketone

(vi) 4-Fluoroacetophenone

Q. Write the structures of products of the following reactions :

(i)   +  
2

3

CS

AlCl.Anhyd
  (ii) (C

6
H

5
CH

2
)

2
Cd + 2CH

3
COCl 

(iii) H
3
C – C  C – H  


42

2 SOH,Hg
(iv)  


 

OH.2

ClCrO.1

3

22

Q. Arrange the following compounds in increasing order of their boiling points.

CH
3
CHO, CH

3
CH

2
OH, CH

3
OCH

3
, CH

3
CH

2
CH

3

[Hint : CH
3
CH

2
CH

3 
< CH

3
OCH

3 
< CH

3
CHO < CH

3
CH

2
OH]

Q. Arrange the following compounds in increasing order of their reactivity in nucleophilic addition
reactions.

(i) Ethanal, Propanal, Propanone, Butanone

(ii) Benzaldehyde, p-Tolualdehyde, p-Nitrobenzaldehyde, Acetophenone.

Q. Predict the products of the following reactions :

(i)  + HONH
2
 

H

(ii)  + NH
2
 – – NO

2
 

(iii) R – CH = CH – CHO + NH
2
 –  – NH – NH

2
 

H

(iv)  + CH
3
CH

2
NH

2
 

H
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Q. Arrange the following compounds in increasing order of their acid strengths.

(CH
3
)

2
CHCOOH, CH

3
CH

2
CH(Br)COOH, CH

3
CH(Br)CH

2
COOH

Solution : (CH
3
)

2
CHCOOH < CH

3
CH(Br)CH

2
COOH < CH

3
CH

2
CH(Br)COOH

Q. Write the chemical equation for the following chemical reactions :

Benzonitrite is converted to acetophenone

Solution : 

Q. Mention a chemical property in which methanoic acid differs from acetic acid.

Solution : Methanoic acid is a reducing agent. It gives silver mirror with Tollen’s reagent. Ethanoic acid is
not a reducing agent and does not respond to Tollen’s reagent.

Q. Write the IUPAC name of 

Solution : Ethyl 4-chlorobenzene

Q. How is acetone obtained from ethanol ?

Solution :

Acetone
3

||
O

3
Cu

K573
ol2opanPr

3

|
OH

3
H/OH)ii(

MgBrCH)i(
||
O

3

Cu

K573
Ethanol

23 CHCCHCHCHCHHCCHOHCHCH
2

3    




Q. How is aminoethane obtained from ethanal (acetaldehyde) ?

Solution : OHNHCHCHNHOHCHCHHCCH 2

ne)(Aminoetha
Ethanamine

223
OAl

3
Ethanol

23
LiAlH

yde)(AcetaldehEthanal

||
O

3
324   

Q. Write the IUPAC name of the following : 

Solution : 4-Methylphenyl ethanoate.

Q. Write chemical tests of distinghish between Forming acid and acetic acid.

Solution : Formic acid gives silver mirror with Tollens’ reagent, acetic acid does not.

Q. Mention one important use of methanoic acid.

Solution : It is used as a reducing agent.

Q. Give one chemical test to distinguish between acetaldehyde and benzaldehyde.

Solution : Add I
2
/NaOH to the substance. Acetaldehyde gives yellow ppt. of iodoform (iodoform test).

Benzaldehyde does not react.
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Q. Write the chemical reaction for getting 2-propanol from ethanol.

Solution : 
ol2opanPr

3

|
OH

3
H/OH

3

|
OMgBr

33
Ethanal

||
O

3 CHCHCHHCCHCHMgBrCHHCCH 2



 


Q. What product is obtained when ethylbenzene is oxidised with alkaline KMnO
4
 ?

Solution : Benzoic acid is formed.

Q. Name two important uses of formalin.

Solution : (i) It is used to preserve biological specimens (ii) It is used in the preparation of bakelite.

Q. Write IUPAC name of the following : 

Solution : 3,5-Dimethylphenyl ethanoate

Q. Write IUPAC name of the following : — CH
2
COO —

Solution : Phenyl 2-phenyl ethanoate.

Q. Complete the following reaction give the names of the major products :  + CO
2
 

K400

atm74
 



Solution :  + CO
2
 

K400

atm74
 


  (Kolbe’s reaction)

Q. Complete the following reaction and give the names of the major products :

(a)  NaOI3CORCH3

(b) 
HCl

HgZn
33COCHCH  



Solution : (a) RCOONaCHINaOI3CORCH
Iodoform

33 

(b) OHCHCHCH]H[4COCHCH 2
opanePr

323
HCl

HgZn
33  



Q. Write IUPAC names of the following compounds :

(i) 3

CH
|

||
O

CH
|

3 OCHCHCCHCH

33

  (ii) 52

|
CH

|
Br

3 HCOOCCHCHCH

3


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Solution : (a) 2-Methoxy-4-methylpentan-3-one (b) Ethyl 3-bromo-2-methylbutanoate.

Q. What happens when (a) Acetaldehyde is treated with a trace of H
2
SO

4
 (b) Formaldehyde reacts

with RMgBr.

Solution : (a) de)(ParaldehyCHO)(CHCHO3CH 33
SOH

3
42  

(b)  


HCHHCHRMgBrH–C– H

R
|

|
OH

H/OH

R
|

|
OMgBr

||
O

2  

Q. Complete the following reaction and give the names of major products : C
6
H

5
CONH

2
 + HONO 

Solution : OHNCOOHHCHONOCONHHC 22
acidBenzoic

56256 

Q. Why does acyl chloride have lower boiling point than corresponding acids ?

Solution : Acids are associated due to intermolecular hydrogen bonding. That is why they have higher
boiling point. There is no hydrogen bonding in acyl chlorides. Thus, they have lower boiling points.

Q. How will you obtain trichloroacetic acid from acetic acid ?

Solution :

acidceticTrichloroa
3

Cl/P

acideticDichloroac
2

Cl/P

acid
icChloroacet

Cl
|

2
Cl/P

acidAcetic
3 COOHCClCOOHCHClCOOHCHCOOHCH 222    

Q. Compare the strength of the following acids : (i) Formic acid (ii) Acetic acid (iii) Benzoic acid.

Solution : HCOOH > C
6
H

5
COOH > CH

3
COOH

Q. Arrange the following in increasing order of acidic character :

HCOOH, ClCH
2
COOH, CF

3
COOH, CCl

3
COOH

Solution : HCOOH < ClCH
2
COOH < CCl

3
COOH < CF

3
COOH

Q. Which of the aldehydes undergo aldol condensation ?

Solution : Aldehydes that have -hydrogen atoms in the molecule undergo Aldol condensation. For
example, CH

3
CHO, CH

3
CH

2
CHO, etc.

Q. What product is formed when CH
3
COOH reacts with PCl

5
 ?

Solution : HClPOClCOClCHCOOHCH 3
chlorideAcetyl

3
PCl

3
5  

Q. What type of aldehydes undergo Cannizzaro’s reaction ?

Solution : Aldehydes which do not have -hydrogen atoms in the molecule undergo Cannizzaro’s reaction.
For example, HCHO and C

6
H

5
CHO.

Q. What happens when benzoic acid is treated with conc. HNO
3
 and conc. H

2
SO

4
 ? Give chemical

equaion.

Solution : m-nitrobenzoic acid is formed.

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

CH
3
COCl, CH

3
CONH

2
, CH

3
COOCH

3
, (CH

3
CO)

2
O (Reactivity towards hydrolysis)

Solution : (CH
3
CO)

2
O < CH

3
COOCH

3
 < CH

3
CONH

2
 < CH

3
COCl

Q. The boiling point of an aldehyde is ....... than that of corresponding alcohol or acid.

Solution : lower

Q. Describe the following reactions : (i) Cannizzaro’s reaction (ii) Cross aldol reaction.
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Q. Give chemical tests to distinguish between : (i) Acetaldehyde and Benzaldehyde (ii) Propanone
and propanol.

Solution : (i) Acetaldehyde contains CH
3
 – CO -group, hence it will respond to iodoform test whereas

benzaldehyde will not

.)pptyellow(
Iodoform

3
formateSodium

NaOH/I

deAcetaldehy
3 CHINaOH2HCOONaNaOI3CHOCH 2  

reactionNoCHOHC
NaOI

NaOH/I

deBenzaldehy
56

2  

(ii) Propanone is a methyl ketone, it gives iodoform test whereas propanol does not.

.)pptyellow(
Iodoform

33
opanonePr

33 CHINaOH2COONaCHNaOI3COOCHCH 

.pptyellowNoOHCHCHCH
NaOI

223  

Q. State chemical tests to distinguish between the following pairs of compounds :

(i) Propanal and propanone (ii) Phenol and benzoic acid.

Solution : (i) The two compounds can be distinguished by iodoform test. Propanone contains CH
3
CO-

group and gives iodoform test while propanal (CH
3
CH

2
CHO) does not give iodoform test.

Iodoform
3333 CHINaOH2COONaCHNaOI3COCHCH 

(ii) The two compounds can be distinghished as under : Ferric chloride test : Phenol gives a violet colour
with aqueous FeCl

3
 while benzoic acid gives buff coloured ppt. of ferric benzoate.

colourvioletFeClOHHC 3
Phenol

56 

HCl3Fe)COOHC(FeClCOOHHC3

.)pptcolouredBuff(
benzoateFerric

3563
acidBenzoic

56 

Sodium bicarbonate test : Phenol is a weaker acid than benzoic acid. While benzoic acid decomposes
sodium bicarbonate, phenol does not.

OHCOCOONaHCNaHCOCOOHHC 22
BenzoateSodium

563
acidBenzoic

56 

actionNoNaHCOOHHC 356 

Q. Write chemical tests to distinguish between the following pairs of compounds :

(i) Acetophenone and benzophenone (ii) Ethanal and propanal

Solution : (i) The two compounds can be distinguished by performing iodoform test. Acetophenone
contains CH

3
CO – group, hence it gives iodoform test. As there is no CH

3
CO– group, in benzophenone, it

does not respond to iodoform test.

.)pptyellow(
Iodoform

3
benzoateSodium

56
NaOH/I

356 CHINaOH2COONaHCNaOI3COCHHC 2  

35656 CHIof.pptyellowNoNaOIHCOCHC 

(ii) The two compounds can be distinguished by performing the iodoform test. Ethanol gives the iodoform
test while propanal does not.

.)pptyellow(
Iodoform

3
NaOH/I

3 CHINaOH2HCOONaNaOI3CHOCH 2  
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Q. State reasons for the following situations : (i) Monochloroethanoic acid is a weaker acid than
dichloro ethanoic acid. (ii) Benzoic acid is a stronger acid than ethanoic acid.

Solution : (i)  Monochlorethanoic acid

 Dichloroethanoic acid

Chlorine atom exerts – I-effect. This helps in the release of protons. There is one chlorine atom in
monochloroethanoic acid and two chlorine atoms in dichloroethanoic acid. Due to smaller-I-effect in
monochloroethanoic acid than dichloroethanoic acid, the former is weaker acid than the latter.

(ii) 

Benzene ring withdraws electrons towards itself due to resonance.On the other hand, –CH
3
 group is

electron repelling group. Therefore, the release of protons in benzoic acid will be increased while it will be
decreases in the case of ethanoic acid. Thus, benzoic acid is a stronger acid than ethanoic acid.

Q. Give chemical tests to distinguish between the following pairs of compounds :

(i) Propanal and propanone (ii) Benzaldehyde and benzoic acid.

Solution : (i) Add Tollen’s reagent. Propanal (CH
3
CH

2
CHO) will give silver mirror whereas propanone

(CH
3
COCH

3
) will not react. (ii) Add NaHCO

3
 solution. Benzaldehyde (C

6
H

5
CHO) will not react whereas

benzoic acid (C
6
H

5
CHO) will give brisk effervescence due to CO

2
.

Q. Give chemical tests to distinguish between the following pairs of compounds :

(i) Propanoyl chloride and propanoic acid (ii) Benzaldehyde and acetophonene

Solution : (i) Add NaHCO
3
 solution to each of them. Propanoyl chloride (CH

3
CH

2
COCl) will not react

whereas propanoic acid (CH
3
CH

2
COOH) will give brisk effervescence due to CO

2
.

(ii) Add I
2
 and NaOH. Acetophenone (C

6
H

5
COCH

3
) will give yellow ppt. of iodoform whereas

benzaldehyde (C
6
H

5
CHO) will not react.

Q. How are the following conversions carried out ? (i) Ethanol to 1, 2-Ethanediol (ii) Phenol to
Acetophenone.

Solution : (i) 
4

42

KMnO

alkalinecold
222

K443

SOH.conc

Ethanol
23 ]O[OHCHCHOHCHCH   

(ii)   
Heat

)dust(Zn   ClCCH
||
O

3   
3AlCl

acylation
Crafts
Friedal

 



 

Q. Write the names of the reagents and equation in the conversion of (i) phenol to salicyladehyde
(ii) anisole to p-methoxyacetophenone.

Solution : (i)   
C60

hydroxide
PotassiumChloroform

3

0

KOH3CHCl   
H  
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(ii)  

acylation
Crafts
Friedel

AlCl

chlorideAcetyl
3

3COClCH


    + HCl

Q. Give chemical tests to distinguish between the following pairs of compounds :

(a) Phenol and Benzoic acid (b) Benzaldehyde and Acetophenone

Solution : (a) Add neutral ferric chloride. Phenol will give violet colour whereas benzoic acid will not.

(b) Add I
2
 and NaOH. Acetophenone (C

6
H

5
COCH

3
) gives yellow ppt. of iodoform whereas benzaldehyde

(C
6
H

5
CHO) does not.

Q. Write one chemical reaction each to exemplify the following : (i) Rosenmund reduction (ii) Tollen’s
reagent.

Solution : (i) HClHCCHHClCCH
Ethanal

||
O

3
Quinoline

S,BaSOPd

chlorideEthanoyl
2

||
O

3
4  



(ii) OHNONH2Ag2OHCCHOHNH2AgNO2HCCH 234
)mirrorSilver(

||
O

343

||
O

3 

Q. State : (i) Why benzaldehyde does not undergo aldol condensation ? (ii) How an acid amide may
be converted to the parent acid ?

Solution : (i) Benzaldehyde does not have -hydrogen atom. Therefore, it does not undergo aldol
condensation.

(ii) 3

||
O

3
H

22

||
O

3 NHOHCCHOHNHCCH 


Q. An organic compound ‘A’ (molecular formula C
3
H

6
O) is resistant to oxidation but forms a

compound ‘B’ (C
3
H

8
O) on reduction. ‘B’ reacts with HBr to form a bromide ‘C’ which on treatment

with alcoholic KOH forms an alkene ‘D’ (C
3
H

6
). Deduce the structures of A, B, C and D.

Solution : Structures of A, B, C and D are deduced in the following manner :

'B'
ol2opanePr

3

OH
|

3
ductionRe

LiAlH

'A'
Acetone

3

O
||

3 CHCHCHCHCCH 4



 

neBromopropa2

3

Br
|

3

ol2opanPr

3

OH
|

3 CHCHCHHBrCHCHCH





OHKBrCHCHCH.)alc(KOHCHCHCH 2

'D'
openePr

23

'C'
neBromopropa2

3

Br
|

3 



Q. An organic compound ‘A’ which has characteristic odour, on treatment with NaOH forms two
compounds ‘B’ and ‘C’. Compound ‘B’ has the molecular formula C

7
H

8
O which on oxidation gives

back compound ‘A’. Compound ‘C’ is the sodium salt of an acid which when heated with soda lime
yields an aromatic hydrocarbon ‘D’. Deduce the structures of A, B, C and D.
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Solution : Structures of A, B, C and D are deduced as under :

Q. (a) How will you obtain an aldehyde by using following process :

(i) Dehydrogenation (ii) Catalytic hydrogenation ?

(b) (i) Why do aldehydes behave like polar compounds ? (ii) Why do aldehydes have lower boiling
point than corresponding alcohols ?

Solution : (a) (i) 2

||
O

Cu

K5732 HHCROHCHR  

(ii) HClClCRHClCR
||
O

Xylene

BaSOPd
2

||
O

4  


(b) (i) Due to presence of  group which is polar. (ii) Aldehydes are not associated due to

intermolecular H-bonding while alcohols are associated due to intermolecular hydrogen bonding.

Q. A compound ‘A’ with molecular formula C
5
H

10
O gave a positive 2, 4-DNP test but a negative

Tollens’ reagent test. It was oxidised to carboxylic acid ‘B’ with molecular formula C
3
H

6
O

2
 when

treated with alkaline KMnO
4
 under vigorous condition. Sodium salt of ‘B’ gave a hydrocarbon ‘C’

on Kolbe’s electrolytic reduction. Identify A, B and C are write the chemical equations for the
reaction.

Solution : Structures of A, B and C are derived as under : C
5
H

10
O gives positive 2, 4-DNP test but a

negative Tollens’ reagent test, therefore, it is a ketone. Since, it gives carboxylic acid C
3
H

6
O

2
 on vigorous

oxidation, it should be 3-pentanone.

)acidopanoic(Pr'B'
23

KMnO

heat,KOH
)one3tanPen('A'

32

||
O

23 COOHCHCHCHCHCCHCH
4

 


(Butane)C''
23223

iselectrolys

propanoateSodium
23 2COCHCHCHCHCOONaCH2CH  

Q.  'X'
onSulphonati
  . The name of X is ......................

Solution : 
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Q. Write chemical equations, for the following reactions :

(i) Action of conc. NaOH solution on 2, 2-dimethylpropanal.

(ii) Action of dilute NaOH solution on propanal.

Solution : Chemical equations for the reactions are given below :

(i) COONaCCHOHCHCCHHCCCH2

3

3

3

3

3

3

CH
|

|
CH

32

CH
|

|
CH

3

NaOH.conc

reaction
s'Cannizzaro

opanalDimethylpr2,2

||
O

CH
|

|
CH

3  



(ii) 

analmethylpent2Hydroxy3

||
O

CH
|

|
OH

23

oncondensati
Aldol

NaOHdil.

Propanal

||
O

23 HCCHCHCHCHHCCH2CH

3



 

Q. Arrange the following in increasing order of boiling points :

(i) C
2
H

5
OC

2
H

5
, C

4
H

9
COOH, C

4
H

9
OH (ii) C

3
H

7
CHO, CH

3
COC

2
H

5
, C

2
H

5
COOCH

3
, (CH

3
CO)

2
O

Solution : (i) C
2
H

5
OC

2
H

5
 < C

4
H

9
OH < C

4
H

9
COOH

(ii) C
3
H

7
CHO < CH

3
COC

2
H

5
 < C

2
H

5
COOCH

3
 < (CH

3
CO)

2
O

Q. How will you convert CH
3
COOH into (i) Ethane, (ii) Ethanol ?

Solution : The conversions are achieved as under :

(i) OH2CHCHHI6COOHCH 2
Ethane

33
PdRe

acidAcetic
3  

(ii) OHCHCHCOOHCH
Ethanol

23
LiAlH

acidEthanoic
3

4 

Q. OH'B''A'CHOCHCHOCH 2
HeatOH

33   


The IUPAC names of compound ‘A’ is ............... and ‘B’ is .....................

Solution :   


 Heat

A''
analHyrdoxybut3

||
O

2

|
OH

3

oncondensati
Aldol

OH

deAcetaldehy
33 HCCHCHCHCHOCHCHOCH

OHHCCHCHCH 2

||
O

B''
Butanal2

3 


Q. Write the structural formula of compounds A, B and C and name the reagent D in the following

BCHCHCA
H

3

CH
|

|
OH

52
OH

MgBrHC

3

2

52  


3

OH
|

CH
|

3
D

HBr

Perroxide
CHCHCHCHCB

3

 
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Solution : Compounds A, B and C are reagent D are arrived at as under :

HBr

Peroxide3

CH
|'B'

3
H

3

CH
|

|
OH

52
OH

MgBrHC

'A'
3

||
O

3 CHCCHCHCHCHCCHCCH

33

2

52   


'C'

3

CH
|

|
Br

3
'D'

)aq(KOH

ol2tanMethylbu3

3

CH
|

|
OH

3 CHCHCHCHCHCHCHCH

33

 



Q. Bring out the following conversions : (a) Acetylene (b) Propanoic to Acetic acid.

Solution : (a) 
deAcetaldehy

||
O

3
HgSO

SOH

Acetylene
2 HCCHOHCHHC

4

42  

(b)     223 HNO

Ethanamine
223

/KOHBr

ePropanamid
223

Δ

NH

acidPropanoic
23 NHCHCHCONHCHCHCOOHCHCH

acidAcetic
3

]O[

SOH.dil/KMnO

Ethanol
23 COOHCHOHCHCH 424  

Q. Distinguish between : (i) ethyl alcohol and acetaldehyde (ii) C
6
H

5
COCH

3
 and C

6
H

5
CH

2
CHO

Solution : (i) Add Na metal, Ethyl alcohol gives H
2
 gas whereas acetaldehyde does not react. (ii) Add I

2
 and

NaOH, acetophenone (C
6
H

5
COCH

3
) will give yellow ppt. of iodoform whereas C

6
H

5
CH

2
CHO will not

react.

Q. Bring out the following conversions : (a) Acetyl chloride to Acetaldehyde (b) Ethanol to
Acetaldehyde (c) Acetic acid to Acetaldehyde (d) 2-Butanol to 2-Butanone.

Solution : The conversions are achieved as under :

(a) HClCHOCHHCOClCH
deAcetaldehy

3
Xylene

BaSOPd
2

chlorideAcetyl
3

4  


(b) 2
deAcetaldehy

||
O

3
K573

Cu

Ethanol
23 HHCCHOHCHCH 

(c)
deAcetaldehy

||
O

3

Cu

K573
Ethanol

23
LiAlH

acidAcetic
3 HCCHOHCHCHCOOHCH 4   

(d) 23
Butanone2

2

||
O

3

Cu

K5733
Butanol2

2

|
OH

3 HCHCHCCHCHCHCHCH  


Q. Why is oxidation of alcohols to get aldehydes carried out under controlled conditions ?

Solution : It is because aldehydes get further oxidised to acids, therefore, oxidation of alcohols to
aldehydes needs to be controlled.

Q. Which aldehydes is a gas ? Why is it soluble in water ? What is name given to its aqueous
solution ? Give its use.

Solution : Formaldehyde (methanal) is a gas. It is soluble in water because it can form H-bonds with water.
Its aqueous solution is called formalin. It is used as preservative for biological specimens.



CAK&CA – 33

Einstein Classes,  Unit No. 102, 103, Vardhman Ring Road Plaza, Vikas Puri Extn., Outer Ring Road

New Delhi – 110 018, Ph. : 9312629035, 8527112111

Q. How will you bring about the following conversions in not more than two steps ?

(i) Propanoyl chloride to Dipropylamine

(ii) Propanoic acid to Propenoic acid

(iii) Benzoyl chloride to Benzonitrile

Solution : (i) 

)duction(Re
HCl.conc

)Hg(Zn

epropanamidopylPrN
32223

NHCHCHCH

chlorideopanoylPr
23 CHCHCONHCHCHCHCOClCHCH 2223   



ineDipropylam
322223 CHCHNHCHCHCHCH

(ii) 
acidopenoicPr

2
.)alc(KOH

acidanoicChloroprop2
Cl
|

3
Cl/P

acidPropanoic
23 COOHCHCHCOOHCHCHCOOHCHCH 2   



(iii) 

Q. Giving a chemical equation for Acetylation, illustrate it.

Solution : Replacement of an active hydrogen of alcohol, phenol or amine with an acetyl group RCO or
ArCO group to form corresponding ester or amide, is called acetylation. It is also called acylation.

It is usually carried out by treating the alcohols, phenol or amine etc., with acid chloride or anhydride in the
presence of a base. For example,

HClHCOOCCHOHCHCHCOClCH
ethanoateEthyl

523
Pyridine

233  

COOHCHHCOOCCHOHHCO)COCH( 3
acetatePhenyl

563
Pyridine

5623  

Q. An organic compound A contains 69.77% C, 11.63% H and the rest is oxygen. The molecular
mass of compound is 86. It does not reduce Tollen’s reagent but forms an addition product with
sodium hydrogen sulphite and gives positive iodoform test. On vigorous oxidation, it gives ethanoic
acid and propanoic acid. Write the possible structure of the compound A.

Solution : 
)OHC(one2tanPen

322

||
O

3

105

CHCHCHCCH




The reactions can be explained with the above structure :




3
one2tanPen

322

||
O

3 NaHSOCHCHCHCCH  

OH3NaI3CHICOONaCHCHCHNaOH4I3CHCHCHCCH 2

.)pptyellow(
Iodoform

3223
reaction

Iodoform
2322

||
O

3  

acidopanoicPr
23

acidEthanoic
3

SOH

OCrK
322

||
O

3 COOHCHCHCOOHCHCHCHCHCCH
42

722  
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Q. (a) Write the steps and conditions involved in the following conversions :

(i) Acetophenone to 2-phenyl-2-butanol (ii) Propene to acetone.

(b) Describe simple chemical tests to distinguish between the following pairs of compounds : Diethyl
ether.

Solution : (a) (i) 

(ii) 
Acetone

3

||
O

3

Cu

K573
opanolPr2

3

|
OH

3
SOH

openePr
223 CHCCHCHCHCHOHCHCHCH 42   



(b) Add sodium metal. Diethyl ether will not react. Propanol will react to form hydrogen gas.

 2
propanoateSodium

223223 H½ONaCHCHCHNaOHCHCHCH

Q. Give reasons for the following : Sodium bisulphite is used for the purification of aldehydes and
ketones.

Solution : Aldehydes and ketones form addition compounds with NaHSO
3
 whereas impurities do not. On

hydrolysis, we get pure aldehydes and ketones back.

3

||
O

3
H/OH

3

|
OH

33

||
O

3 NaHSOHCCHNaSOCHCHNaHSOHCCH 2  


Q. Write reactions and conditions for the following conversion : Acetaldehyde to Crotonaldehyde.

Solution : 
hydeCrotonalde

||
O

3
heat

altanHydroxybu3

||
O

2

|
OH

3
NaOH.dil

Ethanal

||
O

3 HCCHCHCHHCCHCHCHHCCH2  


Q. Convert : (i) Banzaldehyde to Acetophenone (ii) Malonic acid to Acetic acid (iii) Acetaldehyde to
2-Butenol.

Solution : (i)
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(ii)  
2

acidAcetic
3

Heat
COCOOHCH  

(iii) 
Butenal2

3
H

Heat

altanHydroxybu3
2

|
OH

3
OH

deAcetaldehy
3 CHOCHCHCHCHOCHCHCHCHOCH2



  




Butenol2
23

NaBH
OHCHCHCHCH4



 

Q. Write the structures of organic compounds A to F in following sequence of reactions :

 FEDCBA
OH

HCl

HNOVPt/HBr

SOH

HNO.concZn 3222

42

3     




Solution : (A)  (B)  (C)  (D)  (E) 

(F) 

Q. Complete the following equations : (i)    423 SOH/SO  (ii) CH
3
CONH

2
 + HNO

2
 

(iii) CH
3
CHO + C

6
H

5
NHNH

2
 

Solution : (i)  
Heat

SOH.conc/SO 423     + H
2
O

(ii) CH
3
CONH

2
 + HNO

2
  CH

3
COOH + N

2 
+ H

2
O

(iii) CH
3
CHO + C

6
H

5
NHNH

2
 

hydrazonephenyl
deAcetaldehy

2563 OHHNHCNCHCH 


