CARBOXYLIC ACIDS
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Introduction:
Organic compounds containing carboxyl group (-COOH ) as a functional group are called carboxylic acid.
The carboxyl is the combination carbonyl & hydroxyl group.

i O
DI e-e
—:-C '-‘OH: Hydroxyl
) ! group
Carbonyl
group

v General representation: R- COOH or Ar-COOH

Where. R= alkyl groups ( in aliphatic carboxylic acids) and Ar = aryl group usually Phenyl group (in
aromatic carboxylic acid)

v" Examples and Nomenclature of aliphatic carboxylic acids:

OH
H——COOH CH3—COOH  CHz3——CH,— COOH CH3—— CH——COOH
Methanoic acid Ethanoic acid Propanoic acid 2-Hydroxy propanoic acid
(Formic acid) (Acetic acid)
Cl——CH;—COOH NH, —— CH,— COOH
2-Chloro ethanoic acid 2-Amino ethanoic acid
(L-Chloroacetic acid) (--aminoacetic acid)
v'Isomerism:
Example: Isomers of C2H40>
Functional iosmers
A
I N
CH3—COOH H——COOCHS3
Ethanoic acid Methyl methanoate
(Caboxylic acid) (Ester)

NEB 2070 set D & 070 supp. Write the functional isomer of ethanoic acid & its [IUPAC names.
v General Methods of Preparation:
(1) From oxidation of primary alcohols and aldehydes:

R-CHy-oH O _ r-cHo O _

R - COOH
(1°alcohol) (Aldehyde) (Carboxylic acid)
+ +
R-CHy- OH +[O] KyCry,0; /HY Or KMnOy4 /H R-CHO + 1,0
(1°alcohol) (Aldehyde)
K,Cr,0; / H* Or KMnOy, / H*
R CHO +[0] Or  Tollen's Reagent - R CO-OH :
(Aldehyde) gen (Carboxylic acid)
K,Cr,0; / H*
CHs - CH, - OH +[O] > CHj;-CHO +H,0
(Ethanol) (Ethanal)
K,Cr,05 /H*
CH3 - CHO +[O] > CH,- COOH
(Ethanal) (Ethanoic acid)




(2) From nitriles (or cyanides) :
H,0 / H*
R-C=N 2 » R-COOH +NH;
Alkanenitrile  Dil-HCL canhoxviic acid

_ __HO/H*
CH;3 -C N - » CHj3-COOH + NH3

Ethanenitrile or, Dil. HC Ethanoic acid

(3) From Grignard’s reagent:

- o T H,0 / H* Q
Rng Ny Dyether g CoMgx—2———» R-C-OH +Mg(OH)X
(addition product) (Carboxylic acid)
o ol o
iy n f‘ - Dry ether w H,O / H* i
CH3 Mg Br + C ——» CH3- C OMgBr ————— > CH3-C-OH + Mg(OH)Br
Methyl magnesium (addition product) (Ethanoic acid)

bromide)
NEB 2074 set A & set B, 2071 set D : What is meant by carboxylation reaction? Write an example of it.
(4) From dicarboxylic acid:

_______

. _?O O H Glycerol

» HCOOH +CO,
0
COOH 110°C U Formic acid

Ethane-1,2-dioic acid

(Oxalic acid)
----- 160°C
HOOC——CH,——COOH —=—=—~—» CH,COOH +CO,
Propane-1,3-dioic acid - Acetic Acid

(Malonic acid)

(5) From sodium alkoxide:

R-ONa +CO % R-cooNa —JIHCl _ R_COOH + NaCl

(Sodium alkoxide) (Sodium carboxylate) (Carboxylic acid)

Pressure dilLHCI
CH,ONa +CO —— > CH;- COONa —————=— CH;- COOH + NaCl
Sodium methoxide : Sodium ethanoate Ethanoic acid

NEB 2072 set C Give the chemical reaction for the preparation of ethanoic acid from i) sodium
methoxide ii) ethane nitrile iii) methyl magnesium iodide
(6) From Trihaloalkanes:

X /OH o
Il
R—C—X + 3KOHpy ———»| R—C—OH| ———> R—C—OH
-3KX \ -HO
) X OH Carboxylic acid
Trihaloalkane Unstable
Cl OH o
CH C/ Cl + 3KOH C—OH | —> CH g OH
—C— — > |CHs—C— — =
3 @ Zkar TN -HO :
Cl OH

. Ethanoic acid
1,1,1- trichloroethane Unstable

cl OH o

| aq. KOH
H—c—cl — > | 4——Cc—o0H | — > H—C—OH

-H,0 Methanoic acid

c OH
Trichloromethane Trihydroxy methane
(Chloroform) (unsatbale)




NEB 2071 supp Q 31 a, set D . How would you prepare ethanoic acid from i) Tribromoethane ii) ethane
nitrile iii) Methyl magnesium iodide

NEB 2074 set B . How would you prepare ethanoic acid from i) 1,1,1-Trichloroethane ii) ethane nitrile iii)
Methyl magnesium iodide ?

Physical Properties
a)State, color and odor: Lower members of carboxylic acids up to Cig are colorless unpleasant smelling
liquid while higher members are colorless, odorless waxy solid,
b)Solubility: The first four members completely soluble in water because they can form intermolecular
hydrogen bond with water molecule whereas higher members are insoluble in water due to increase in

hydrophobic nature of hydrocarbon portion.
Intermolecular H- bond

| |
R——C——OH ------- l—H
Water

Carboxylic acid
¢) Boiling point:
Carboxylic acids have higher boiling point than alcohol, ether etc. of comparable molecular mass because
carboxylic acid can form two H- bonds & gives stable cyclic dimeric structure whereas alcohol can form
only one H- bond with each other & ether cannot form such H-bonds with themselves.
Example:

Acetic acid Butanol Ethoxyethane
CH4COOH CH4CH,CH,CH,OH CH3CH, O CH,CHj
B.pt=141°C B.pt=118°C B.pt=34.6°C
"""""" H
/ AN T
_ CHs H
H3C C\H --------- O//C |
CHg CHg

Acetic acid dimer .
(H-bonds in acetic acid) H- bonds in butanol

NEB 2064 Q 7 The boiling point of Methanoic acid is higher than ethanol though they have same
molecular mass explain.

Boiling increases with the increase in molecular mass in homologous series of carboxylic acid due to
increase in size and strength of force held between the molecules.

Example: HCOOH < CH3COOH < CH3CH2COOH

Chemical Properties:

1) Reaction due to H — atom of the — COOH group : Acidic nature
Carboxylic acids are more acidic in nature than aliphatic alcohols because the carboxylate ion formed
after the ionization of carboxylic acid is resonance stabilized whereas alkoxide ion formed after the
ionization of alcohol is not resonance stabilized. More the stability of ion in aqueous solution higher will
be the acid strength.

Example: Acetic acid (ethanoic acid or acetic acid is stronger acid than ethanol)
Resonance stabilization of acetate ion

)
o)
o] o]
o] o ( C :
e [ | °
_ N ] . CHg—C——0 <—— cp,—C=—=0] ==CH; —C==0
CHs——C—OH (aq) = CHy—C—0(a0) + H(aq) I Resonance hybrid
Acetic acid Acetate ion Resonanting structures n Y

€] S)
CHz—CH, —OH (80.) === CH;—CH—0(a0)* H’(aq)  CHy;—CH,—0 <—— No resonance
Ethanol Ethoxide ion Ethoxide ion




Effect of substituent on acidity of carboxylic acid:
i) Electron donating groups ( +1 groups such as CHs-, OH, NH> etc) donates the electrons, destabilize

the carboxylate anion by intensifying the negative charge & decrease the acid strength of carboxylic acid.
Example:
O

H——C——OH > CH3——C——OH > CH3——CHx——C——OH
Methanoic acid Ethanoic acid Propanoic acid

>

O o}

Acid strenght decreases
NEB 2070 set C, 2072 set E,058 Why is ethanoic acid weaker acid than Methanoic acid ?
ii) Electron withdrawing groups ( -1 groups such as F, Cl, Br, I, CN, NO- etc) withdraws the electrons,
stabilize the carboxylate anion by dispersing the negative charge & increase the acid strength of
carboxylic acid.
Example:
(0] (0]
Cl—CH——C——OH > CH3—|C|:—OH
Chloroaceteic acid Acetic acid

Acid strenght decreases

NEB 2073 set D, 059, Why is Chloroacetic acid stronger acid than acetic acid?
Reactions to show the acidic nature of carboxylic acid

Na metal > CHCOONa  + H,
Sod. ethanoate (Sod. acetate)
NaHCO3 or Na,CO3
CH,COONa + H,0+CO,
Sod. acetate
NaOH
CH3COOH CH3COONa + H,0
Ethanoic acid Sod. acetate
(Acetic acid)
Na,0 £H,COONa + H,0
Sod. acetate
NH, .
0 > CHLOONH,; —» CH;CONH, + H,0
Ammonium acetate Ethanamide

(Acetamide)

Laboratory Test of Carboxylic acid:
Carboxylic acid reacts with sodium carbonate or sodium bicarbonate & produce brisk effervescence of carbon
dioxide gas whereas other weak acids like alcohol & phenols does not reacts with sodium carbonate or sodium

bicarbonate.

Na,CO3 or NaHCO;
Carb%g)sl)i(gl:cid - »RCOONa +Cozf + H0

ROH Na,CO3; or NaHCO3 No reaction

Aliphatic alcohol
NayCO3 or NaHCO3

CgHsOH
Phenol

» No reaction

©J.R. Ghimire , Department of Chemistry, UGSS-077, jrghimire@uniglobecollege.edu.np
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Other Important reactions:

_PCls [ ] HPO,

H.COCI +
Et%ar?oy?chloride

PClg/ (Acetyl chloride)
— CH3COCI  +POCI3 + HCI

SOCI, / Pyridine/ [
= » CH3COCI +S0O,+ HCI

Formation of acid Chlorides

_ P,0s/

» CH3COOCOCH;3; +H,0 } Formation of acid anhydride
Ethanoic anhydride
(Acetic anhydride)
C,HsOH / H*
» CH3COOC;,Hs

+H,0 ] Formation of ester (Esterification)
Ethyl ethanoate

CH3;COOH —> (Ethyl acetate)
Ethanoic acid NaOH/ CaO/ 1] .
(Acetic acid) _ » CHj+ Nay,CO3;+H,0  Decarboxylation
(Soda lime) Methane
LiAlH,
"CH;;CHzOH +H,0
Ethanol Reduction
red P/ HI
CH3-CH +H,0 +1,
Ethane
redP/Cl redP/Cl .
L "% clon,cooH——mclchcoon 4P L2 o) oo | Hell-Volhard-Zelinsky Rxn

(HCD  Chioroaceticacid ~ (HCD  pichioroacetic (HCD  Trichloroacetic” (7 halogenation)

acid acid
MnO/ 300°C .
L 5 CH3COCH3+CO,+ H,0[ Formation of carbonyl compound
Propanone
( Acetone)

NEB 2069 set A: Write an example of Decarboxylation reaction.

NEB 2071 supp: What happens when ethanoic acid is heated with i) P2Os ii) Alcohol in presence of
H2S04?

NEB 2069 supp. Set B: How does ethanoic acid reacts with i) ethanol ii) PCls ?

NEB 2061, 2070: What products are obtained when CH3sCOOH is allowed to reacts with a) NaOH b)
NaOH/CaO c) PCls d) P2Os e) LiAlH4 f) SOCI> (NEB 2071 supp) g) HI in presence of red Phosphorous h)
passed over heated MnO i) warmed with ethanol in presence of conc. H2SO4?

NEB 2071, 2066 Set C: Write the suitable chemical reaction to convert ethanoic acid into a) methane b)
Methyl ethanoate c) ethanoic anhydride

m ©J.R. Ghimire , Department of Chemistry, UGSS-077, jrghimire@uniglobecollege.edu.np
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Laboratory Preparation of Methanoic acid (Formic acid)

Principle:
COOH glycerol
& > HCOOH + CO,
OOH 110°C
Oxalicacid Formic acid

Actually, it completes in three steps, glycerol acts as a catalyst.
Step 1: Formation of glycerol mono oxalate

o
........... I
THZ O:H_+ HO!OC—COOH CH;-0-C-COOH
I
CH OH — UC . CHoH +H,0
CH,;OH CH, OH
Oxalic acid
Glycerol Glycerol monooxalate
Step 2: Formation of glycerol mono formate.
I 0
CH,-0-C-COOH CHz_o_g_H
I I
CH OH 110°C |
- (|:H OH + Co,
CH,OH CH, OH
Glycerol monooxalate Glycerol monoformate
Step 3: Formation of formic acid
P :
CH,-O0-C-H : E CH,OH
b I
CIH OH +Hi0-H —>118°C CHOH  + HCOOH
CH;OH CH,OH Formic acid
Glycerol monoformate Glycerol

|
- |
|
i
|
Stand = Water condensor
|
! Glycerol + o,
=] Oxalic acid il cold 22 Adapter
i H20
£ Sand :
p bath ¢ ] . .
P Tripod
o .. Aq. formic acid

Fig: Laboratory preparation of formic acid

©J.R. Ghimire , Department of Chemistry, UGSS-077, jrghimire@uniglobecollege.edu.np
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Procedure:
40 gram crystalline oxalic acid + 50 gram anhydrous glycerol are taken in distillation flask fitted with
thermometer and water condenser. Then the flask is heated about 110°C till the evolution of CO2. Now

the flask is cooled and a fresh 40 gram crystalline oxalic acid is added. The mixture is again heated to
110°C, the aqueous solution of formic acid collects in receiver.

Preparation of Anhydrous Formic acid from aqueous formic acid

Lead formate

Water condensor

Glass wool

anhydrous CacClz
Anhydrous Formic Acid

Fig: Laboratory preparation of anhydrous formic acid
The ag HCOOH is treated with PbCOs to get lead formate, (HCOOQ)2Pb, which is filtered and
concentrated to get crystal of (HCOO)2Pb

2HCOOH + PhCO; » (HCOO),Pb + H,O + CO,
Lead formate

(HCOO),Pb (aq) Crysta[llzatlon _ (HCOO),Pb

The (HCOO)2Pb crystals are packed in inner side of water condenser and H»S gas is allowed to pass
through the inner tube to get anhydrous formic acid. While steam is passed through its outer jacket.

(HCOO),Ph +H,S » 2 HCOOH + PbS
Formic acid

NEB 2073, 2071, 2070, 2065, 2067, 2064, 2057 describe the laboratory preparation of anhydrous Methanoic
acid or formic acid form hydrous or aq. Formic acid. ( 5)

Important reactions of formic acid
Formic acid differs from other carboxylic acid because it contains both carboxyl group (-COOH) and
aldehyde (-CHO) group. So it behaves as both acid and aldehyde.

carboxyl group

aldehyde group
ey o 7

Methanoic acid
(Formic acid)

Acidic Nature:

NaHCO;0rNa,CO; . peooNa + H,0 + CO,
Sod. methanoate
HCOOH N ( Sod. formate)
Methanoic acid NaOH .
(Formic acid) HCOONa + H,0

m ©J.R. Ghimire , Department of Chemistry, UGSS-077, jrghimire@uniglobecollege.edu.np
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Abnormal behavior of Methanoic acid or formic acid:

__PCls/ [T

on5/ [
—> CO+H0

Conc. H2$A
> CO+HO

NaOH/ CaO/ M
—_—l

(Sodalime)
HzOH / H*
CHOH/ HCOOCH 3+ H.0
Methyl methanoate
HCOOH ( Methyl formate)
Methanoicacid | Ad(NH3),0H

(Formic acid) Tollen's reagent

Silver mirror

2Cu** 40H"~
- CUZO ++
Fehling's Solution Brick red ppt.

KMnO4/H*(Pink)

chlz
L Hg,Clh¥+ HCI

White ppt.
MnO/300°C
—_—

Methanal
( Formaldehyde)

> Ag+ + H,0 +CO;, +NH;

+CO) —mM8m Hg++ HCI

HCHO + H,0 + CO,

2HCI+ CO + POCl3

H, + NazC03 + H,O

5 Esterification
} Tollen's test

H,O + Coz}FehIing's solution test

K,S0, + MnSO, + CO, + H,0 ]’ Acidified Potassium permanganate test
Colorless

HCOOH +CO, } Mercuric chloride test

Black ppt.

] Formation of carbonyl compound

Difference in between properties of HCOOH & CH3COOH

HCOOH CH3COOH

1. Gives positive Tollen’s test 1. Does not gives positive Tollen’s test

2. Gives positive Fehling solution test 2. Does not give positive Fehling solution test

3. Reacts with acidified KMnOg4 3. Does not reacts with acidified KMnOa4

4. Gives CO & H20 When heated with P2Os 4. Gives ethanoic anhydride or acetic
anhydride when heated with P,0s

5. Gives CO & H>O when reacts with conc. 5. Does not reacts with conc. H2SO4

H2SO4

USES:

1. Formic acid is used in leather tanning, textile industry for dying process, prepn of carbon
monoxide, as medicine for treatment of gout.

2. Acetic acid is used in plastic and rubber industries, as coagulant in manufacture of rubber from

latex and casein from milk, as vinegar, as solvent.




NEB 2071 Set C, 2065, 2060 Write a chemical test to distinguish ethanoic acid from Methanoic acid.
NEB 2069 Methanoic acid gives Tollen’s test but ethanoic acid does not. Give reason.

NEB 2072 Set E How is ethanoic acid distinguished from Methanoic acid ?

NEB 2063 What happens when Methanoic acid is warmed with Ammoniacal silver nitrate ?

NEB 2062, 2072 How would you convert Methanoic acid into ethanoic acid and vice versa?

Some organic conversion questions
NEB 2072 supp. P

Os .
CH3COOH 2 e A —LAH,
NEB 2070
HNO
A NHy . BrjagKOH _ 2, o _NeOHIL

Compound E produce ethyne when heated with silver powder. b

NEB 2069

HNO +
A NH3 B Brp/ag. KOH _ 2 0 b KMnO4/I—L e

O
Compound E can be obtained by heating oxalic acid in presence of gylcerol.

NEB 2068
SOCI - HCN +
CH3COOH 2 A H,/ Pd-BaSOq4 > B - C H,O/H - D
NEB 2057

i) PCls Br,/ NaOH HNO,
> B — »C — » D

i) NH;
Compound A is carboxylic acid & calcium salt of A on heating gives acetone.
NEB 2053 NH
SOCI
A 20 B 3 . C Br,/ KOH: 5 NaNO,/ Hgl E

Compound E is primary alcohol which gives positive iodoform test.




