
Chem 4563 Organic Qualitative Analysis
Amines - Functional Group Tests

1 . Introduction

Amines are organic derivatives of ammonia (NH3) in which one or more of the hydrogens has
been replaced by a carbon group, either aliphatic or aromatic.  There are three different types of
amines: 1˚ amines which have one carbon group, 2˚ amines which have two and 3˚ which have three.
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Amines have an unshared pair of electrons on nitrogen and, therefore, act as bases, nucleophiles, and
compounds that may be oxidized.  As Lewis bases, they form salts with acids and form coordination
complexes with metal cations.  As nucleophiles they displace halogen from alkyl halides and acyl
halides to give more highly alkylated amines and amides, respectively.  They may be oxidized by a
variety of oxidizing agents including oxygen, permanganate ion, hydrogen peroxide and nitrous acid.  

The basicity of an amine is influenced by the number and types of carbon groups attached to
the nitrogen atom.  Aliphatic amines are stronger bases than ammonia because the alkyl groups are
electron donors relative to hydrogen.  Aromatic amines are weaker bases than ammonia because
delocalization of the unshared electron pair on the nitrogen into the ring lowers the electron density on
the nitrogen
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Amines up to approximately five carbon atoms are soluble in water and belong to solubility
class SB.  Higher molecular weight amines are insoluble in water, but will dissolve in dilute aqueous
hydrochloric acid through the formation of salts forming solubility class B.  This provides a
convenient method for separating such amines from water insoluble neutral and acid compounds.
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  Some diaryl- and triarylamines are not basic due to the extensive delocalization of the nitrogen lone-
pair into the aromatic rings.  

2 . Acid Chloride Test

Amines react as nucleophiles toward acyl(acid) chlorides to give amides.  This reaction  can be
used to indicate the possibility of an amine functional group.  The suspected amine is added to
benzoyl chloride, as the reaction occurs heat is released, and the test tube gets warm.  

C
Cl

O

+ R NH2

C
NHR

O

+ R NH3Cl

During the course of this reaction HCl, a gas, is formed, but no bubbling of gas is observed because
the HCl reacts with unrected amine forming the hydrochloride salt.



Acid chlorides will also react with alcohols to form esters, but the alcohol is not basic enough
to react with the HCl produced.  The HCl gas bubbles from the reaction mixture and can be indicated
by turning a moistened blue litmus paper red.  
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3.  Hinsberg Test

The reaction of an amine with benzenesulfonyl chloride to form a sulfonamide can be useful in
determining whether the amine is primary, secondary or tertiary.  Sulfonamides tend to be crystalline
solides that precipitate out of solution.  The sulfonamide from a primary amine has an acidic hydrogen
and dissolves in sodium hydroxide solution.  Since the reaction is performed under basic conditions,
no solid is formed until the reaction mixture is acidified by HCl.  
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The sulfonamide from a secondary amine lacks the amide hydrogen and the product is insoluble in
basic solution.
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Tertiary amines do not form sulfonamides.
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This procedure may be scaled up and used to seperate mixtures of 1˚,2˚ and 3˚ amines.
Unreacted tertiary amines may be recovered by solvent extraction or by steam distillation.  The
sulfonamides of primary and secondary amines may be separated by taking advantage of the solubility
of the sulfonamide of the primary amine in basic solution.  

4 . Nitrous Acid Test

Amines undergo a variety of reactions with nitrous acid (HNO2) depending on whether the
amine is primary, secondary or tertiary and whether the amine is aliphatic or aromatic.  The reaction of
primary amines (either aliphatic or aromatic) with nitrous acid results in the formation of a diazonium
salt.  The diazonium salts of primary aliphatic amines are unstable and quickly decompose to give
carbonium ions and N2, with the gas rapidly bubbling out of solution.  The diazonium salts of
primary aromatic amines, on the other hand, are stable in aqueous solutions at temperatures or 0-5 C˚.
at higher temperatures they decompose with loss of N2.  If the aromatic diazonium salts are kept ta
low temperatures and treated with a nucleophile such as a phenol, they will form colored azo dyes.
When naphthol is added to the suspected diazonium salt, the formation of a red color or precipitate is
indication of the formation of an azo dye.
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Secondary amines (both aliphatic and aromatic)     do        not       form        diazonium       salts    upon treatment with
nitrous acid.  However, the do form N-nitroso compounds, which will then precipitateout of solution
as yellow oilsor solids.
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The greatest utility of the nitrous acid test is the demonstration of primary aliphatic and aromatic
amines.                       


