EXPERIMENT 5: IDENTIFICATION OF CARBOXYLIC
ACIDS

General and Individual Identification Tests
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Carboxylic acids are organic acids characterized by the presence of at least one

carboxyl group. The general formula of a carboxylic acid is R-COOH. Carboxylic

acids are Brgnsted-Lowry acids, they are proton donors. They are the most

common type of organic acid. Among the simplest examples are the formic acid H-

COOQOH, that occurs in ants, and acetic acid CH3-COOH group, that gives vinegar

its sour taste.

Physical and Chemical Properties of Carboxylic Acids:
v" Solubility in water
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acids decreases very rapidly with size. This is because the longer

hydrocarbon "tails" of the molecules get between water molecules and break
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’ o Aliphatic acids with more than 8 carbons are solids at room temperature.

dimer arrangement must be vaporized. Higher boiling points than similar

alcohols due to dimer formation. (Acetic acid, b.p. 118 °C)
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o Double bonds (especially cis) lower the melting point.

o Note these 18-C acids:
« Stearic acid (saturated): 72°C
* Oleic acid (one cis double bond): 16°C
« Linoleic acid (two cis double bonds): -5°C

v" Acidity of carboxylic acid

Carboxylic acids are typically weak acids, meaning that they only partially

dissociate into H+ cations and RCOO- anions in neutral aqueous solution. For

example, at room temperature, only 0.02 % of all acetic acid molecules are

dissociated. Electronegative substituents give stronger acids. plasl Bsle o dleuS eyl plas !
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Acetic acid (CH3COOH) 4.76 g8l Lo lanl
Chloroacetic acid (CH2CICO2H) 2.86
Dichloroacetic acid (CHCI.CO2H) 1.29
Trichloroacetic acid (CCIsCO2H) 0.65
Trifluoroacetic acid (CF3CO2H) 0.5
Oxalic acid (HO2CCO2H) 1.27
Benzoic acid (CsHsCO2H) 4.2
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When the acids form salts, this is lost and replaced by a metal. Sodium ethanoate,

fogample, has the structure: /?
o Sodium hydroxide removes a proton to form the salt. CH3'C\

- - . 0O~ Na*
o Adding astrong acid, like HCI, regenerates the carboxylic acid.
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» Properties of acid Salts eoium ethanoate
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«  Soap is the soluble sodium salt of a long chain fatty acid.

+  Salts can be formed by the reaction of an acid with NaHCO3, releasing CO2.

« The bond between the sodium and the ethanoate is io_nic.
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They are soluble in both dilute sodium hydroxide and sodium carbonate
(Na2C03) or sodium bicarbonate solutions (NaHCO3). Sodium hydrogen

carbonate (NaHCO3) or sodium carbonate (Na2CO3) reacts with carboxylic

acids to give the sodium salt of the acid and liberates carbon dioxide. If the

acid is insoluble in water and the reaction is sluggish dissolve the acid in

methanol and add carefully to a saturated sodium hydrogen carbonate

solution, when a vigorous effervescence will be observed.
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H-JF-c’ TR Y. Tpe— n-é—c’ + HO + CO
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ethanoic acid sodium sodium ethanoate water carbon
carbonate dioxide
0 (8]

T {
2" 0N R ﬂB + Hy0 + CO, (g)

Limewater turns milky

CO2(g) + Ca(OH)z2(aq) 2 CaCOa(s) + H20(l)

2. Ferric chloride test

Neutral carboxylic acids form colored complexes with ferric chloride

solution. The carboxylic acids are first neutralized using ammonia. The

color of the complex depends on the kind of acid. s Jslos 5o wslo Sluses dslosall dliaSousll plasdl (S
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Acids Structure Use/Presence Result
Formic HCOOH Ants and venoms Red sol>brown ppt
with heating
Acetic CH,COOH Vinegar Red sol>brown ppt
with heating
Oxalic o Cleaning, bleaching, | Faint yellow ppt
Ho)‘\g/o’* removal of rust
Succinic 2 Sweetener Brick red ppt
Wy et
0
Benzoic 0 Preservative Buff to brown ppt
o™
Acids Structure Use/Presence Result
Salicylic Keratolytic, Violet sol
S antifungal
o
Tartaric COOH Sour taste Yellow sol
H——OH
HO —4=—H
COOH
Citric Pli Citrus fruit Yellow sol
H— (li —COOH
HO— C—COOH
I
H— (IZ —COOH
H
PROCEDURE

1. Place 2 mL of each of the following neutral acid solutions in separate
test tubes; Sodium acetate solution, Sodium succinate solution, Sodium
benzoate solution, Sodium salicylate solution, Sodium oxalate
solution, Sodium citrate solution, Sodium tartarate solution and
Formicacid.

2. Add excess Ammonium hydroxide solution till the solution is
justalkaline to litmus paper.

3. Boil the solution till the odor of ammonia is completely removed.

4. Add few drops of neutral Ferric chloride solution.

5. Note the results.

Remember same test with phenol give violate color.
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“ INDIVIDUAL REACTIONS OF CARBOXYLIC ACIDS:

» Oxalic Acid
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Carboxylic acid salts react with strong mineral acids w liberate free

organic acid. If the freed carboxylic acid is water insoluble, it will

precipitate.
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White ppt
@) 0O
N +HC - H + NaCl
R” “ONa R” “OH
HCl===H%+CI®
CO0 : COOH
COO COOH
(Feebly ionised)
PROCEDURE

Add Calcium chloride solution to Oxalate solution. Try the solubility of

%

the ppt in acetic acid and dilute HCI.

=
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» Tartaric Acid

HO
OH

Tollen's test

Reducing property of tartaric acid is tested with Tollen’s reagent
(Reduction of Ammonical Silver nitrate).
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COOH
H-——OH -
+ Tollen’s ——> CO; + Ag(s) + HOOC-COH-COO
HO——H ‘

COOH

é‘ﬁ PROCEDURE

drops of neutral tartarate solution and place the mixture in a
“ warmwater bath. Note the formation of a mirror.

Reaction with Fenton’s reagent

Prepare the Tollen's reagent then a dd to 5 mL of that reagent, few

positive
Q,, _-COH nﬁ?#nﬂ o s
HO. C—OH HO. C—0H
H—C—CH  Fa(i} H—G—CH e e
1 — i of il ar i
HO—C—H Hyt, o= ] G,
é é Ho™ ﬁ—nﬂ Hn-ﬁ’ CH
o¥ TOH oF oM o o
{2R, A orLie) 2uhydn - 2, it reoy- 2.3
Anaks acd me’?;ﬂf;dd malelic oo umasc ﬁ
“iolet color
PROCEDURE

Add to few mLs of a tartarate solution one drop of freshly prepared

<

Ferrous sulphate and 2 drops of Hydrogen peroxide solution

followed by excess Sodium hydroxide. Notice the color.

& =
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» Salicylic Acid

OH

Phthalein formation

COOH
O
OH  H2504
o + w0 OH
° COOH
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COOH

PROCEDURE

Prepare In a dry test tube fuse together few crystals of Salicylic

acid with the same amount of Phthalic anhydride and few drops of

conc. Sulfuric acid, cool then dissolve in water and add excess

Sodium hydroxide. Notice the color.
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