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Concept QuickStart – Physical Properties of Amines 

Unit: Unit 9: Amines  

Subject: For CBSE Class 12 Chemistry 

--------------------------------------------------------------------------------  

SECTION 1: UNDERSTANDING THE CONCEPT 

1.1 What Are the Physical Properties of Amines? 

Understanding the physical properties of amines—specifically boiling points and solubility—
is a strategic necessity for any chemistry student. These properties dictate the volatility 
required for industrial gas-phase reactions and the bioavailability of life-saving medications. 
At a fundamental level, the physical state of an amine is an evolution driven by molar mass: 
the simplest lower aliphatic amines are gases, those with three or more carbon atoms are 
liquids, and the higher members of the series are solids. 

The "Zero-Level" Explanation Imagine amines as "social" molecules that like to stick 
together, but their "stickiness" depends entirely on their structure. Think of them as people at 
a gathering: some have two hands free to hold onto friends (Primary), some have only one 
hand free (Secondary), and some have their hands in their pockets (Tertiary), making them 
much less likely to stick to the group. 

The Particle-Level Process At the molecular level, the behavior of amines is governed by the 
nitrogen-hydrogen (N-H) bond. Because Nitrogen is more electronegative than Hydrogen, the 
bond is polar. The nitrogen atom also possesses an unshared electron pair that acts like a 
"hook" for hydrogen bonding. This creates "intermolecular association," where molecules pull 
on one another, directly affecting how much heat is needed to make them boil. 

Anchor Definition 

"Physical properties of amines are the observable characteristics—like state, odor, and 
boiling point—determined by the strength of intermolecular hydrogen bonding and the 
size of the hydrophobic alkyl groups." 

A Common Misunderstanding Many students assume amines always behave like ammonia. 
However, as the "carbon tail" grows longer, the molecule’s personality shifts. The increasing 
size of the alkyl group triggers the hydrophobic effect, changing the molecule from "water-
loving" to "water-hating." This transition is why a small amine dissolves easily in water, while a 
large one will not. 

1.2 Why Physical Properties Matter 

In a practical lab setting, lower aliphatic amines are immediately recognizable by their 
distinctive "fishy" odor. Beyond the lab, these properties are the reason amines are essential 
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components of proteins, vitamins, and hormones. For instance, the biologically active 
compounds Adrenaline and Ephedrine (both containing secondary amino groups) are used 
to increase blood pressure, while Novocain is a vital synthetic amino compound used as a 
dental anesthetic. 

For the CBSE board exam, this concept is high-yield. Examiners frequently use these 
properties to design ranking questions, asking you to compare the boiling points or solubility 
of amines against alcohols and alkanes. 

1.3 Why This Concept Exists 

Without understanding physical properties, we cannot predict how an amine will interact with 
its environment. This concept solves specific problems: 

• Predicting Phase: Knowing which amines will remain gases for industrial synthesis vs. 
solids for shelf-stable drugs. 

• Drug Delivery: Predicting if a drug like Benadryl will dissolve in the blood (aqueous) or 
accumulate in fat (lipids). 

• Industrial Utility: Designing quaternary ammonium salts to be used as surfactants 
based on their unique physical interactions. 

1.4 Analogies and Mental Image 

The Velcro Analogy Think of the Hydrogen atoms attached to the Nitrogen as the "hooks" of a 
Velcro strip. 

• Hooks = Hydrogen atoms available for bonding. 

• Sticking power = Boiling Point (strength of intermolecular association). 

• The "pull" to separate = Heat energy required. 

Mapping the Analogy: 

• Primary Amines: Two hooks (two N-H bonds). They stick the strongest. 

• Secondary Amines: One hook (one N-H bond). Moderate sticking power. 

• Tertiary Amines: No hooks (zero N-H bonds). They don't stick via hydrogen bonding at 
all. 

Picture this... Visualize a primary amine molecule reaching out to its neighbors with two 
hydrogen "hooks," creating a tight-knit web. Now, imagine a tertiary amine as a smooth, round 
ball with no hooks. While the primary amines are locked together, the tertiary amines just 
bounce off each other, meaning they fly away into the gas phase (boil) with very little heat. 

1.5 Everyday Context and Applications 
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In a laboratory, the transition of states is a clear trend: small amines are gases, but as the 
carbon chain adds weight, they become liquids and eventually waxy solids. This structure 
also determines the use of amines in synthetic polymers and medicines. Benadryl, a well-
known antihistamine, relies on a tertiary amino group for its specific pharmaceutical 
behavior. 

A Counterintuitive Example: You might think a tertiary amine would have a high boiling point 
because it has more alkyl groups and thus more mass. In reality, it has the lowest boiling point 
among isomers because it lacks the "hydrogen glue" (intermolecular association) found in 
primary amines. In the world of amines, structure and the number of H-atoms usually matter 
more than mass. 

--------------------------------------------------------------------------------  

SECTION 2: WHAT THE TEXTBOOK SAYS (NCERT) 

2.1 NCERT Key Statements 

While our analogies help us visualize the "why," the NCERT textbook provides the precise 
"what" required for exam day. The following data points are the absolute baseline for all CBSE 
comparative questions: 

1. State and Odor: Lower aliphatic amines are gases with fishy odors. Primary amines 
with three or more carbons (e.g., n-C3H7NH2) are liquids, while higher members are 
solids. 

2. Color: Arylamines like Aniline (C6H5NH2) are naturally colorless but become colored 
during storage due to atmospheric oxidation. 

3. Solubility Rule: Lower aliphatic amines dissolve in water by forming hydrogen bonds. 
However, solubility decreases as the molar mass increases because the hydrophobic 
alkyl part grows larger. 

4. Comparative Solubility: Alcohols are more polar than amines and form stronger 
hydrogen bonds. Therefore, Butan-1-ol (C4H9OH) is more soluble in water than Butan-
1-amine (C4H9NH2). 

5. Boiling Point Order: For isomeric amines, the boiling point order is Primary > 
Secondary > Tertiary. This is due to the availability of H-atoms for intermolecular 
association. 

6. The "Alcohol vs Amine" Trend: When comparing similar molecular masses, the 
boiling point order is Alcohols > Amines > Alkanes. 

2.2 NCERT Examples and Distinctions 
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NCERT emphasizes the comparison between Butan-1-ol and Butan-1-amine. Even though 
they have similar molar masses (74 vs 73), the alcohol wins the boiling point race (390.3 K vs 
350.8 K). 

Key Distinctions to Remember: 

• Polarity and Electronegativity: Oxygen has an electronegativity of 3.5, while Nitrogen 
is 3.0. This 0.5 difference makes the O-H bond significantly more polar than the N-H 
bond, leading to stronger bonds in alcohols. 

• Intermolecular Association: Primary amines have two H-atoms for bonding, whereas 
Tertiary amines have none. 

• Solvent Preference: While lower amines are water-soluble, all amines are soluble in 
organic solvents like alcohol, ether, and benzene. 

--------------------------------------------------------------------------------  

SECTION 3: CLARITY AND MEMORY 

3.1 Key Clarity Lines 

Students often lose marks by mixing up boiling point trends. To avoid this, remember that the 
internal trend (comparing amines) is about the Hydrogen Count, while the external trend 
(comparing to alcohols) is about Electronegativity. 

Clarity Checks: 

1. The Hydrogen Count Rule: More hydrogens directly on the Nitrogen = stronger 
intermolecular association = higher boiling point. 

2. The Carbon Tail Rule: A bigger alkyl group increases the hydrophobic effect, making 
it harder for the molecule to dissolve in water. 

3. The Oxidation Alert: If your aniline isn't colorless, it’s because the air got to it 
(atmospheric oxidation). 

4. The Tertiary Trap: Tertiary amines have the lowest boiling points among isomers 
because they have zero H-atoms available for hydrogen bonding. 

5. The Alcohol Benchmark: Oxygen (3.5) is more electronegative than Nitrogen (3.0), so 
alcohol bonds are always the "gold standard" for strength. 

3.2 How to Remember Physical Properties 

• Mnemonic: "P-S-T: Primary Stays Top." This reminds you that Primary > Secondary > 
Tertiary for boiling point order. 
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• Memorable Phrase: "Water hates the tail, but loves the head." This helps you 
remember that the "tail" (alkyl group) is hydrophobic, causing solubility to drop as the 
chain grows. 

• Physical Gesture: Use this for active recall: Hold up two fingers for Primary (2 H-
bonds), one finger for Secondary (1 H-bond), and a closed fist for Tertiary (0 H-
bonds). 

• Extreme Association: If you confuse the boiling points, remember that a Primary 
amine is like a person with two arms reaching for friends, while a Tertiary amine is like 
a person in a bubble suit—they just bounce off each other without sticking. 

Mastering these physical trends is your first step to predicting chemical reactivity; once you 
understand how these molecules "stick," you can accurately predict how they will react. 

 


