CARBOXYLIC ACIDS

Structure of Carboxylic acid group

A carboxyl group is made up of a carboxyl group joined to a hydroxyl group.

In the carboxyl group, the carbon atom is attached to two oxygen atoms, C”)

one by a double bond and the other by a single bond which in turn linked R A

OH

to a hydrogen atom by a single bond. The remaining free valency of the

carbon atom of the carboxyl is satisfied by a H atom or an alkyl group.

The carbon atom and the two oxygen atoms are sp hybridised. The o
two sp? hybridised orbitals of the carboxyl carbon overlap with k
one sp® hybridised orbital of each oxygen atom while the 'I:'..‘I/ )
third sp2 hybridised orbital of carbon overlaps with either s-orbital of H (':-i \ "T,:'

- atom or a sp° hybridised orbital of Carbon atom of the alkyl group to

p-orbital -

form three o bonds. Each of the two oxygen atoms are left with one

unhybridized p- orbital which is perpendicular to the o bonding skeleton.

All the three p - orbitals being parallel, overlap to form 7 bond which is {
partly delocalised between carbon and oxygen atom on one side and () 0

carbon and oxygen of the -OH group on the other side. ( Jf:'\‘ )

In other words, RCOOH may be represented as a resonance hybrid of the following two
canonical structures. As a result of resonance (i) the C-O single bond length in carboxylic acids

is shorter than the normal C-O single bond in alcohols and ether and (ii) C=0 bond length in

carboxylic acids is slightly larger than the normal C=0 "/-,dii: 05?

bond length in  aldehydes and  ketones. FO—H -0y




Nomenclature

In I[UPAC system of nomenclature, the letter “e” in the name of the parent chain is relaced with
“oic acid”. Carbon in the Carboxylic acid group has the position 1. For example, CH3-COOH

is named as ethanoic acid since its parent chain is ethane.

S.No | Formula Common name IUPAC name
1 HCOOH Formic acid Methanoic acid
2 | CH3COOH Acetic acid Ethanoic acid
3 | CH3CH.COOH Propionic acid Propanoic acid
4 | CH3(CH2).COOH | Butyric acid Butanoic acid
5 | CH3(CH2)3COOH | Valeric acid Pentanoic acid
6 | CH3(CH2)sCOOH Caproic acid Hexanoic acid
7 | CH3(CH2)sCOOH | Enanthic acid Heptanoic acid
8 | CH3(CH2)COOH | Caprylic acid Octanoic acid
9 | CH3(CH2);COOH | Pelargonic acid Nonanoic acid

Classification

Carboxylic acids are classified as monocarboxylic acids, dicarboxylic acids, or tricarboxylic

acids, aliphatic carboxylic acids, and aromatic carboxylic acids.

Classification based on the number of carboxyl groups:

Monocarboxylic acids: These carboxylic acids contain one carboxyl group (-COOH).

Examples are formic acid (HCOOH) and acetic acid (CH3COOH).

Dicarboxylic acids: These carboxylic acids contain two carboxyl groups. Examples are oxalic

acid (HOOC-COOH) succinic acid (HOOC-CH>-CH>-COOH)

Tricarboxylic acids: These carboxylic acids contain three carboxyl groups. An example is

citricacid




Methods of preparation

a) From Cyanides or nitriles
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b) From Amides
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¢) Acidic and alkaline hydrolysis of esters
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d) From Grignard’s reagent
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Special methods of preparation of aromatic acids (Ar-COOH)
a) Oxidation of side chain
Toluene on oxidation with alkaline KMnO4 gives benzoic acid with 40-50% yield. If the

same reaction is carried out in presence of Phase Transfer Catalyst like cetyl trimethyl

ammonium chloride (CTAC) gives about 80% yield.

Alk KMnOy /reflux
CsHsCOOH (40-50 % yield)

v

CsHsCH3

Alk KMnOg4, CTAC/reflux
CeHsCH; »  CeHsCOOH (>80 % yield)

b) Hydrolysis by benzotrichlorides

Benzotrichloride readily hydrolyses in the presence of aqueous alkaline solutions,
producing benzoic acid.

Ca(OH); /reflux
CeHsCl3 > CsHsCOOH
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Chemical reactions

a) Formation of salts

Acids tooch wh buexit?fsm“saus

p-coon + NaH C03 —> P-CooNa +|.Eco3

R-Ccoh + NaoH —> R-(coNa + H,0

R-cooM +  CaloH), —> (Rcoo)ta + RO
"
R-Cool +  NK,  —> RCob Kn,

® .
R- Coo¥ + AUN% —> QCO?A‘:] + HNG



2. Reactions involving -OH of -COOH group

a) Formation of esters

eakordie acids seock with Aledds bo kom £dex
@
R-ccoll 4 Ho-R — 5 pcoor' (B
CHcool HO-GW -—-lﬁ——% Clk OO G Wy

b) Formation of acid chlorides
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¢) Formation of amides .
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d) Formation of anhydrides.
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Reactions involving entire -COOH group
a) Degradation of carboxylic acids by Huns - Diecker’s reaction
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b) Decarboxylation by Schmidt reaction
Caalvom@(/c ocds on W wibh Updm;o;c, ovedd ?im oSz ovmihe

- +
Conc WS04 Bt RTE

NgH /a
Cc0oH A oy

Mecl'mmm Conc H,S0, 3

P ~H 0

[ 0

i _ ny-:- 9@
=Y o

NH, (MeH,‘y_ amine)



¢) Arndt-Eistert synthesis
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d) Halogenation by Hell- Volhard- Zelinsky reaction
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Curtis Rearrangement
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Strength of acids with examples of trimethyl acetic acid and trichloroacetic acid.
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In Trimethyl acetic acid [(CH3)3-C-COOH], three methyl groups which are electré)n releasing
in nature releases electrons on to the carboxylate ion and destabilises the carboxylate anion and
hence decreases the acid strength.

Whereas in case of Trichloro acetic acid [CCl3-COOH], three Chlorine groups which are
electron withdrawing in nature withdraws electrons from the carboxylate ion, stabilises the

carboxylate anion and hence increases the acid strength.



Relative differences in the acidities of aromatic and aliphatic acids
or
Comparision of acidities of aromatic and aliphatic acids
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ii) Acidic shongh intreares (1) Acidic sborgh dcreases.

Hydrogen bonding in Carboxylic acids - Dimeric Association

In hydrogen bonding, Hydrogen Bond Donar is the hydroxyl (-OH) group can donate a
hydrogen atom to form a hydrogen bond. Hydrogen Bond
Acceptor is the oxygen atom of the carbonyl (C=0) group in
another molecule can act as an acceptor for the hydrogen bond. 0 H--—0

Two carboxylic acid molecules can form two hydrogen bonds with |

each other to create a stable, cyclic dimer. This forms a strong, associated structure that requires
significant energy to break.

Effect of Hydrogen bonding in Carboxylic acids

High Boiling Points:

Due to the strong, two-fold hydrogen bonding that forms stable dimers, a large amount of
energy (heat) is needed to separate these molecules, resulting in higher boiling points compared
to alcohols, aldehydes, or ketones of comparable molecular weight.

High Water Solubility:

Simple carboxylic acids (with up to four carbon atoms) are highly soluble in water because the
carboxyl group can form hydrogen bonds with water molecules, both as a donor and an
acceptor. This interaction increases the affinity of the acid for water.

Stronger Than Alcohols:



The hydrogen bonds in carboxylic acids are generally stronger than those in alcohols because
the adjacent electron-withdrawing carbonyl group makes the O-H bond in carboxylic acids

even more polarized.



