Acidity & Basicity of Carboxylic Acids

Acidity of Carboxylic Acids
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Carboxylic acids are relatively strong acids.
Carboxylic acids have much lower pK, values than do alcohols.

Carboxylic Acids Dissociate Readily
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The lowered pK; values are due to the electron-withdrawing effect of the positively polarized carbonyl
carbon and the resonance stabilization of the carboxylate group.

Resonance in Carboxylate and Enolate lons
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Two of the three resonance forms of the carboxylate ion are equivalent, leading to a symmetrical ion with
equal carbon-oxygen bond lengths (1.26 A), midway between a carbon-oxygen double bond (1.20 A) and a
carbon-oxygen single bond (1.34 A).

Electron-withdrawing substituents increase the acidity of carboxylic acids.
The inductive effect of electron-withdrawing groups close to the carboxy group causes an increase in
acidity. Three electron-withdrawing groups on the a-carbon sometimes results in acidity near that of some

inorganic acids.

| ¢ and Other Acids

Compound pK, Compaound Pk,
Alkanoic acids Dicic acids
HCOOH 355 HOOCCOOH 1.27. 4.19
CH3COOH 4.76 HOOCCH,COOH 283, 5.69
CICHCOO011 282 HOOCCHSCH.CO00T 4,20, 5.61
ClL,CNCOO0N 1.26 HOOCCT ), CO00 4.35. 541
ClhyOOO0H 063
FOCO0 .23 Oiher webds
CHLOCHLCHLOO00 4.82 I,PO, 2.15 (first pK.)
CHACH-CHCKCOOH 284 HNO, 1.4
CH . CHCOICHCOON 4.06 H.80, —30 (it pk.)
CICH;CHCHCO0H 452 HCT —& 0
Renzoic acids H-0 15.7

CH:0H 15.5
4-CHyCgH,COOH 436 :
CaHsCOOH 4.20
$-CICH,CO0H 398

The dioic acids have two pK; values.

In ethanedioic and propanedioic acids, the first pK; is lowered by the electron-withdrawing effect of the
second.

In higher dioic acids, both pKa values are close to monocarboxylic acids.

Carboxylate salts of carboxylic acids can be prepared by treatment of the acid with a base, such as NaOH,
MNa;COs; or NaHCO;. These salts are much more water soluble than the corresponding acids.

Carboxylate salts are named by specifying the metal and then replacing “ic acid” with "ate”.

Carboxylate Salt Formation
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Basicity of Carboxylic Acids
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protonated carboxvlic acid

Carboxylic acids may be protonated on the carbonyl oxygen.
The carbonyl oxygen of a carboxylic acid may be protonated by strong acids to give alkyloxonium ions.

The carbonyl oxygen is more basic than the —OH group of alcohols due to resonance stabilization of the
alkyloxonium ion.

Protonation of a Carboxvlic Acid
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Note the protonation reaction is not particularly strong.




