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Concept QuickStart - Amines

Unit: Unit 9: Amines

Subject: For CBSE Class 12 Chemistry

SECTION 1: UNDERSTANDING THE CONCEPT
1.1 What Are Amines? (Core Idea and Anchor Definition)

In the grand hierarchy of organic chemistry, nitrogen-containing compounds occupy a
position of supreme strategic importance. Often described as the "life-builders" of the
molecular world, these structures are the essential gears in the biological machinery that
sustains us. If you can visualize the parent ammonia (NH,), you have already won half the
battle in understanding this entire chapter.

Let’s strip away the complexity and look at the foundation. To understand amines at a "zero-
level," imagine a molecule of ammonia. Now, imagine yourself swapping out one, two, or even
all three of those hydrogen atoms for carbon chains (alkyl groups) or rings (aryl groups). By
performing this simple "replacement" exercise, you have successfully visualized an amine.

At the particle level, we focus on the trivalent nitrogen atom. In an amine, the nitrogen is sp3
hybridized. It uses three of these orbitals to bond with carbon or hydrogen, while the fourth
orbital houses an unshared pair of electrons (a lone pair) that dictates nearly all its chemical
personality.

Amines are derivatives of ammonia, obtained by the replacement of one, two, or all three
hydrogen atoms by alkyl and/or aryl groups.

A common stumbling block in exams is the distinction between simple and mixed amines. In
a "simple" amine, all the groups attached to the nitrogen are identical (like trimethylamine). In
a "mixed" amine, these groups are different (like ethylmethylamine). This minor structural
shiftis the fundamental reason why these molecules exhibit such diverse functionality in the
real world.

1.2 Why Amines Matter

Amines represent the vital bridge between pure laboratory chemistry and complex biological
function. They are not just abstract formulas on a page; they are the backbone of life’s most
critical molecules, including proteins, vitamins, alkaloids, and hormones.

From a CBSE board perspective, mastering these groups is your ticket to understanding how
we synthesize modern medicines and synthetic fibers. When you study amines, you are
studying the chemistry behind substances like adrenaline and ephedrine—secondary amino
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compounds that are medically used to regulate blood pressure. Understanding these
structures is the first step toward solving practical human problems.

1.3 Why This Concept Exists

We study amines because nitrogen is a notoriously difficult element to incorporate into stable
organic frameworks in its pure form. Amines provide the "handle" that allows chemists to
manipulate nitrogen, turning it into a precision tool for medical progress.

This concept exists to solve the "problem" of creating biologically active substances. For
example, the synthetic amino compound Novocain provides essential anesthesia in dentistry.
Similarly, the well-known antihistamine Benadryl contains a tertiary amino group, which
allows it to interact specifically with the body's receptors to block allergic reactions.

1.4 Analogies and Mental Image

In organic chemistry, geometry is destiny. Visualizing the spatial arrangement of an amine is
critical because it allows you to predict how that molecule will behave as a base or a
nucleophile.

The Mental Image: The Pyramidal Tent Think of an amine as a "Pyramidal Tent":
o The Apex: The Nitrogen atom sits at the very top.

o The Legs: Three sp® hybridized orbitals form the legs of the tent, bonded to either
Hydrogen or Carbon.

e The Cloud: The fourth orbital is not a leg but a bulky "cloud" of unshared electrons
floating directly above the apex.

Picture this: Because that "lone pair" cloud is electronically repulsive, it squashes the other
bonds downward. While a perfect tetrahedron has angles of 109.5°, the lone pairin
trimethylamine pushes the C-N-C angles down to approximately 108°. This slightly
compressed "tent" is exactly what an amine looks like in your mind's eye.

1.5 Everyday Context and Applications

Amines are easily identifiable in the lab through physical properties. Lower aliphatic amines
are gases characterized by a distinct "fishy odour." Arylamines like aniline are initially
colorless liquids, but if you leave them on a shelf, they undergo atmospheric oxidation and
turn colored—a classic lab observation.

In modern technology, we utilize quaternary ammonium salts as surfactants in cleaning
products. However, amines can be tricky. You might think aniline, being a reactive aromatic
amine, would easily undergo Friedel-Crafts reactions. But actually, it does not. Because
aniline is basic, it reacts with the Lewis acid catalyst (AlCl;) to form a salt. This puts a positive
charge on the nitrogen, which deactivates the benzene ring and shuts the reaction down.
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SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT)
2.1 NCERT Key Statements

These statements form the "gold standard" for CBSE board exam answers. Use these precise
definitions to ensure full marks:

1. Classification: Amines are classified as Primary (1°), Secondary (2°), or Tertiary (3°)
based on whether one, two, or three hydrogens of NH; are replaced.

2. IUPAC Convention: Amines are named as "Alkanamines." Crucially, in diamines like
ethane-1, 2-diamine (H,N-CH,-CH,-NH,), the "e" of the hydrocarbon suffix is
retained.

3. Salt Stability: Arenediazonium salts are generally unstable but are stable enough to
be used in solution at low temperatures (273-278 K).

4. Basicity Origin: Aliphatic amines are stronger bases than ammonia due to the +I
(inductive) effect of alkyl groups, which increases electron density on the nitrogen
atom.

5. Specific Test: The "Isocyanide Test" (Carbylamine reaction) involves heating with
chloroform and ethanolic KOH to form foul-smelling isocyanides (R-NC); thisis a
diagnostic test for primary amines only.

These rules are not just theory; they are the foundation for the laboratory distinction tests you
will perform.

2.2 NCERT Examples and Distinctions

Distinction tests are strategically vital for both theory and practical exams. They allow us to
identify the class of an unknown amine by observing its solubility.

The Hinsberg Test This involves the reaction of an amine with benzenesulphonyl chloride
(Hinsberg’s reagent). Pro-Tip: In modern laboratory practice, this is often replaced by p-
toluenesulphonyl chloride.

e Primary Amines: Reaction yields a sulphonamide that is soluble in alkali (due to an
acidic hydrogen on the N).

e Secondary Amines: Reaction yields a sulphonamide that is insoluble in alkali (no
acidic hydrogen).

o Tertiary Amines: Do not react with the reagent at all.

Textbooks also distinguish between "Simple" and "Mixed" amines. For example, methylamine
(CH3;NH,) is simple, whereas ethylmethylamine (CH;-NH-C,H;) is mixed.
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SECTION 3: CLARITY AND MEMORY
3.1 Key Clarity Lines
To master this chapter, you must navigate these five common exam "traps":

1. Preparation Trap: When reducing nitro compounds, iron scrap and HCl is preferred.
Why? Because the FeCl, formed gets hydrolyzed to release more HCL, meaning you
only need a small amount of acid to initiate the reaction.

2. The Basicity Mystery: In the gaseous phase, the trend is perfectly regular: 3°>2°>1°
> NH;. However, in the aqueous phase, it becomes a "subtle interplay" of inductive
effects, solvation (H-bonding), and steric hindrance.

3. Gabriel Phthalimide synthesis: This is the cleanest way to make primary amines, but
itis strictly for aliphatic amines. Aromatic primary amines (like aniline) cannot be
prepared this way because aryl halides do not undergo Nucleophilic Substitution
with the phthalimide anion.

4. Nitration Caution: Direct nitration of aniline yields significant meta-product. This is
because, in a strongly acidic medium, aniline is protonated to form the anilinium ion,
which is meta-directing.

5. Ammonolysis Detail: This reaction (carried out in a sealed tube at 373 K) usually
yields a mixture of amines. To get the primary amine as the major product, you must
use a large excess of ammonia.

3.2 How to Remember Amines
Mnemonics turn complex sequences into "sticky" mental models.
e Mnemonic for Basic Strength (Aqueous):
o Methyl substituted: 213 (Secondary > Primary > Tertiary).
o Ethyl substituted: 231 (Secondary > Tertiary > Primary).
o Rule: Ethylis the bigger group, so the "3" comes before the "1."

o The Hoffmann Rule: "Hoffmann Degrades the Carbon." This reminds you that the
Hoffmann Bromamide reaction reduces the chain length by exactly one carbon atom.

e Physical Gesture: The Pyramidal Palm Hold your hand out. Tuck three fingers down
as the bonds (the tent legs) and point your Thumb upward. This thumb represents the
Lone Pair, which is the sole reason for the molecule's Basicity and Nucleophilicity.
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o Extreme Association: The Rotten Fish Rule If it smells like a dead fish in the lab, you
are dealing with a lower aliphatic amine. Forgetting this simple identification pointin
a practical exam is an easy way to lose marks!

The chemistry of amines is a testament to logical beauty. By understanding how to
manipulate a single nitrogen atom, we unlock the building blocks of both medicine and life
itself. Keep practicing, and these structures will soon become second nature!
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