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Aldehydes, Ketones 
and Carboxylic Acids 

ALDEHYDES AND KETONES 

• Compounds containing )c=o (carbonyl) group are 
collectively known as carbonyl compounds. If one of the 
valencies is satisfied by H-atom then the compounds are 
known as aldehydes and have general formulaRCHO (Where 
R may be H or alkyl group), if both the valancies are satisfied 
by alkyl group then the compound is said to be ketone (RCOR). 
Both aldehydes and ketones have general formula C ,Hi,, 0. 

Nomenclature 

• According to lUPACname 'e' of alkane isreplaced by 'al' in ·
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case of aldehyde and 'e' of alkane is replaced by 'one' in case 
of ketone. Aldehyde is always at terminal hence position of 
aldehydic group is normally not indicated. In case of ketone 
we use position of carbonyl group whenever it is needed. 
R-C=O R-C=O 

I I H R Alkana! Alkanone 

� ?
H

3 f
H3 

CH3-c-cH-CH3 
3-methylbutanone or 3-me!hylbutan-2-one 

CH3-C'll,-cH-CH=o 
2-methylbutanal 

(Here we may write position '2' or may not beCause other 
position is not possible.) 

0 
II CH3-CH2-CH2-C-CH3 

Pentan-2-one 

0 
II CH3-CH2-C-CH2-CH3 

Pentan-3-one 

Nature of Carbonyl group 

• Carbonyl group consists of one a and one TC bond like 
)c = c(. Here both carbon and oxygen are in sp2 

hybridized state. One of the sp2 hybrid orbitals ofC-atom 
forms cr bond by overlapping of one of sp2 hybrid orbitals 
of O-atom and TC bond is formed by sidewise overlapping 
ofunhybrid orbitals of both the atoms. 
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Carbonyl group 

Carbon atom is joined to three atoms by a-bonds. Since, 
these bonds utilize sp2-orbitals, they lie in the same plane 
and are 120° apart. Hence, carbonyl group is planar. 
The electrons in the n bond of the carbonyl group are not 
equally shared i.e. they are pulled towards the more electro
negative oxygen atom. Ibis results in polarization of bond as 

"Iii· 6--
/c = o 

Alternatively the polar nature of the carbonyl group can 
also be indicated by the following resonating structures: 
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General Methods of Preparation 
• Aliphatic aldehydes : They can be sunnnarized as follows. 

• 

RCH OH oxidation 2 Pri. alcohol Acid. K,_Cr,O, 

R-CHX2 
Gem-dihalide 

HOH 

aq. NaOH or KOH 

RMgX 

Grignard reagent 
HCOOR � RCHO _ ____ ___ , Formic ester 

Dry 
(RCOO) 2ca + (HC00)2Ca -di-,,-d-lan_o_n� Calcium salt 
of fatty acid 

calcium formate 

Aromatic aldehydes : 
Cu(N03)i, CO2 ArCHiCI --he-a�,�-�� 

Pd/BaS04, S ArCOCl + H2 ---�-_,., 
(ArCOO)2Ca + (HCOO)2Ca " 

ArCH2OH [OJ 

ArCHC12 
2Na0H 
-H20 

ArH CO+HCI 
AlC1

3 

ArCN HCI/SnC12 

H20 

ArCH=CH2 
03 

H20 

Aldehyde 

CHO 

© 



Aldehydes, Ketones and Carboxylic Acids 

Aliphatic ketones : They can be summarized as follows. 
R2CHOH 
Sec. alcohol 

oxidation 

HOH 
R.CX2.R aq. NaOH or KOH 
Gem-dihalide 

RMgX 
Grignard reagent 

RCN 1------>- RCOR 
- -- -�-------< Ketone Alkyl cyanide 

or alkyl nitrile 

(RC00)2Ca 
Calcium salt of 

fatty acid 

Dry distillation 

Aromatic ketones : 

1' (ArCOO)iCa + (CH3COO)iCa 
ArCHO CH,N, 

H
20 ArMgBr + CH3CN -�----1 

catalyst 
ArCH2CH3 + 02 126°C, pressure 

Physical Properties 
• Carbonyl compounds are held together by dipole-dipole 

interaction 
'-.. / "- / 8+C --------00---- -------- C ll+ 

6 !--------�'+ ------ - go-
/ '-.. 

Dipole-dipole interactions are weaker forces than H -bonding 
and stronger than the van der Waal's interactions. Thus 
boiling points of aldehydes and ketones are some what 
higher than those of hydrocarbons and lower than those 
of alcohols of comparable molecular mass. 

alcohol > carbonyl compounds> alkane 
Note: Among the carbonyl compounds, ketones have 
slightly higher boiling points than the isomeric aldehydes 
because of presence of two electrons releasing groups 
around the carbon atom of carbonyl group which makes 
them more polar i.e. they also have more dipole moment 
than aldehydes. 

• Lower members are water soluble as they can form 
hydrogen bonding with water as 

\ 8+ 8-- O+ 8--

C = 0 H-0 
I I 

&+H 

• The solubility in water decreases with increase in molecular 
mass. 

• Carbonyl compounds have lower density than water. 

Chemical Properties 
• Substitution reactions of alkyl group : 

}> Halogenation : 
CH3CHO + CJ2 

acetic acid CICH2CHO + HCI 
a-chloroacetaldehyde 

CH3COCH3 + 3Cl2 ____., CC13COCH3 + 3H2 
Trichloroacetone 

' . 

I 
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>- Haloform reaction : 

RCOCH
3 

+ 3X
2 

+ NaOH ____. CHX
3 

+ RCOONa 
(R"" Hor alkyl group, 

X=eCl,Brorl) 

Haloform 

Note : Haloforrn reaction is given by the carbonyl 
compounds contain CH3CO - group, thus, this reaction 
is used to diagnose the presence of CH3 - C - group and 

t 
also to distinguish methyl ketones from others. 

Addition reactions of carbonyl group : Carbonyl 
compounds have >C=O group which are polar because 
of more electronegative oxygen atom. This results in 
polarization of n-electrons as 

By resonating structure it is clear that there is nucleophilic 
addition over carbonyl compounds. The attack of 
nucleophile precedes the attack of electrophile as anion 
formed here after nucleophilic attack is more stable than the 
cation. Thus rate determining step is attack of nucleophile 
over carbonyl carbon atom. 

\ g \ @ \ c=o� c;:-o-� c-oE / (Slow) / I (Fast) / I 
Nu Nu 

>- Mechanism of addition reactions : Addition reaction 
over carbonyl compound may be base catalyzed and 
acid catalyzed. 

Base catalysed addition : During the addition, 
base conve1ts the weak neutral nucleophile to a 
strong one by removing a proton which adds over 
carbonyl carbon. The reaction is summarized as 

B 0 
Nu - H -_8-H-�Nu 

+ \
�

e \ 0 BH \ '' 
I

C - 0 + Nu ------>-/r - 0 �-B�. _,. IT- 2n 
Nu Nu 

Addition product 

Acid catalysed addition : In this condition 
oxygen atom of carbonyl group becomes 
protonated which in tum, increases the positive 
charge on the carbonyl carbon. Because of this, 
the weak nucleophile readily attacks the carbonyl 
carbon. The reaction is summarized as 

\ _o,,-:,+ \ + \+ .. 
1

c-O + H ---+
/

C� -H ---+
/

C-0-H 
Protonuted carbonyl 

� 
\+ e \ 

C- 0-H � C-0-H 
I 

·· 
I I ·· 
Nu 
Addition product 
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• 

• 

• 

> Addition reactions of carbonyl group : 
H2 '-. ,.....-OH . / C Ni, Pt or Pd 

4[H] 
Zn -Hg/Cone. HCl 

4HI " c Red P, 423 K / 

NIJ,NH, "c KOH, 200°C / 

'--H 

'--
/CH,+ H20 
( Clcmmeruen 's 

reduction) 

H, + H,0+ 212 

H,+ N2 + H,0 
Wolff-Kishner reduction 

-"c=o / [(CH,),CH01Al 
in(CH3)2CHOH 

H3C 
"CH-OH 

H3C / 2° alcohol 
( Meerwein-Ponndorf
rley (MPV) reduction) v, 

OH HCN . '-- / 
/c'-- (Cyanohydrin) 

CN 

NaHSO3 '-- / 
/c'--

R 
RMgX • '-- I 

C-/ OH+Mg(OH)X 

Pinacol 
H+//J.. � (CH3)3C - COCH3 2 Pinacolone 

Replacement of carbonyl oxygen : 
'--a+ a - , /o-
/ C = 0 + NH2 -Z ___. / C '--{\ ------+ 

\J NH2-Z 

'c/ --4 c = NZ+H 0 [ 
OH 

J
-H o '--

/ 'NHZ 
/ 2 

Where Z � OH, NH
2

, NHC
6
H

5, NHCONH2, etc. 

Condensation reactions : 
> Aldol condensation : 

O•-----, 
II : dil.NaOH CH -C-H+H-CH -C-H---.. 

3 t : 2 

0 
II 

0 L------------� 

Acetaldehyde II 
H3C-CH-CH -C-H 

I 2 
OH 

3-hydroxybutanal (Aldol) 
Significance: The products of aldol condensation on 
heating with dilute acid undergo dehydration to form 
a, � -unsaturated carbonyl compounds. 

:OH H: 
I I di!. H2S04 H3C-CH -CH-CHO� -H 0 , ' 

H3C -CH=CH -CHO 
Crotonaldehyde 

)- Crossed Aldol Condensation : When condensation 
takes place between two different aldehydes or 
ketones, or between one aldehyde and one ketone, it 
is called as crossed aldol condensation. 

0 0 dil OH 0 
II II NaOH I II 

H-C +HCH
2
-C-H=H-C-CH

2
-C-H I I 

H H 
�-Hydroxypropionaldehyde 

00 0 
II II . 

C H -C + H H -C -H dd. NaOH 
6 s I 2 273 K 

H 

[ 
OH O 

l 
I II -H,O C

6
H

5 
- C -CH

2 
- C -H -----C

6
H

5
CH = CHCHO 

h Citlnamaldehyde 

Such a base catalysed aldol condensation between an 
aromatic aldehyde and an aliphatic aldehyde or ketone 
is called as Claisen-Schmidt or Claisen-Condensation. 
Aliphatic esters containing a-hydrogen atoms can also 
undergo such reactions in presence of a base. 

0 0 
II II dil.NaOH C6H5
C -H + CH) -C -oc,H, 

Ethyl acetate 
0 
II 

c,H,CH = CH -C -oc,H, 
Ethyl cinnamate 

)- Mechanism of aldol condensation (Acidify of 
a-hydrogen) : Aldol condensation involves the 
following steps through the formation of carbanion 
or the enolate which is stabilized by resonance in Step 1. 
Step 1: The base (OHl ion removes one of the 
a-hydrogen atom (which is somewhat acidic) from 
aldehydes and ketones to form a carbanion or the 
enolate ion. 

H�H-==
Sl

=
ow

=H,O + 
I 
H 

Acetaldehyde 
H H 
1 1n ·o· 

H-C-c-o---,.H C=c/' • 

;-iJ' 
2 '-H 

Enolate ion 

0 0 0 
II - II I 

CH3 -C-R+ Base-+ CH2 -C-R � H2C =C-R 
Ketone Carbon nucleophile Enolate ion 



Aldehydes, Ketones and Carboxylic Acids 

The acidity of a-hydrogen is due to resonance stabilization 
of enolate anion. 
Step 2 : The enolate ion (nucleophile) attacks the carbonyl 
carbon of another aldehyde molecule to form the anion. 

• •  8 ·o· ·· o o: 

1 1�- &'o � • 1 · II 
CHl - C - H +:cH, - C" � cH, - CHCH,C - H  ,5+ H Anion 

Acetaldehyde Enolate ion 
(Electrophile) (Nucleophile) 

Step 3 : A proton from water is accepted by anion to form 
aldol and the OH- ion is regenerated. 

:o0 
CH

3 
- 6HcHJ - H + H r)H __ .,. 

OH 0 
I I I 

CH, - CHCH1C - H  + OH 
Aldol 

Y Cannizzaro's reaction : It is shown by aldehydes 
which do not have a-H atom. The aldehydes undergo 
disproportionation i.e., self oxidation- reduction 
process. 
2HCHO SO% NaOH HCOONa + CH OH 

3 

2Ce1°J,CHO SO% NaOH Cil,COONa + C6H,CH,OH 
Y Condensation of acetone : 

O 
CH H3C--.._ ,--------, 1 1  --------, / i 

C= :0 + H2 :- CH - C - CH·:H2 + O:= C
--.._ H,C/ ---------' ,________ 

CH 

0 
HCI H3C--.._ 1 1 / CH, 

- c = cH - C - CH = c  
-2H,O 

H,C
/ 

(Phorone) CH3 
CH3 

Cone. H,SO, ©l. 
3CH3COCH3 --�-->-

- 3H O / ' H3C / . CH, 
(Mes1tylcne) 

>- Polymerisation of acetaldehyde: 

?
H, 

CH C.....:: CH cone. / '-.. 

3 

o 1/ O""\ n,so, o o 
I I _.I ____.. I I or (CH

3
CHO), 

CH
"'-

room 
CH CH / � O CH

-...... 
temp. / -...... / '-.. H,C \J CH H C O CH, 3 3 Paraldehyde 

Paraldehyde is used as hypnotic, i.e. sleep inducing 
agent. 

>- Reaction with primary amines : Schiffs base or 
anils are formed. 

H3
C--.._ --------, -Hp 

/ C = \0 + H2iN - C2H5
----il>-

H , _______ _ 
CH3-CH=N-C2H5 
Ethylidene ethylamine 

• 

)"" Perkin reaction : 
0 
I I  

H,CH - C
--.._ CH COON 0 a 

a 

H C - C
/ 453 K, -H,O 

3 1 1  
0 

Acetic anhydride 0 0 
I I : I I  

H
J:

CH �i t� - C - CH
3 

� H20/H'i- CH3COOH 

HC = CH - COOH 

@ 
Cinnamic acid 
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Oxidation reactions : Aldehydes differ from ketones in 
their oxidation reactions. Aldehydes can be easily oxidised 
to carboxylic acids due to the presence of a hydrogen atom 
on the carbonyl group which can be converted to -OH 
group without undergoing cleavage of any other bond. Thus 
the carboxylic acids formed contain the same number of 
carbon atoms as the aldehyde. RCHO -�[0�l�,,- RCOOH 

While ketones are not easily oxidised, under drastic 
condition ketones undergo cleavage of C - C bond gives 
carboxylic acids of lower number of C-atoms. 

0 

CH _ ell _ CH 
Cone. HN03 

3 , - - -�'-+ HCOOH + CH3COOH 

Thus, oxidation reactions can be used to distinguish 
between aldehydes and ketons. 
Aldehydes can be oxidised by mild oxidising agent. 
)"" With Tollen 's reagent : RCHO + 2[AgNH3)2j

+ + 30H- _A__,. RCOO- + 2Ag + 4NH
3 

+ 21120 
Carboxylate Silver 

ion mirror 
l> With Fehling's solutions : RCHO + 2eu2+ + 50f

f


----+ RCOO- + Cu,O + 3H,0 
Red ppt 

Tests of Aldehydes and Ketones 

I . 

2. 

3. 

- - - -

. Tests 
With Schiff's 
reagent 

With Fehling's 
solution 

With Tollen's 
reagent 

- - - - - - - - - - - - - -

A[dehydes .· ... _. ' ,Ket<lnes . · , . 
I 

Give pink colour No colour 

Give red No precipitate 
precipitate is formed 

Black precipitate No black 
of silver or silver precipitate or 
1nirror is formed silver mirror is 

formed - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -


