UNIT 7 « ALCOHOLS, PHENOLS AND ETHERS

Physical Properties of Alcohols and Phenols x

Understanding boiling points, solubility, and the molecular forces that drive them.

BOILING POINTS: THE HYDROGEN BOND ADVANTAGE
Strong Intermolecular Forces

CH3CH,OH
(Ethanol): 78°C 'ﬂH g‘

CH,ClI H
(Chloromethane):
CaHe ] ‘/g "HE‘
(Propane): 2490
-42°C
H-Bonding: O-H to O-H

Alkanes Haloalkanes Alcohols attraction requires significantly
(CHapea) (R-X) (R-0OH) more energy to overcome.

£\, DIAGNOSTIC TRAP: MOLECULAR WEIGHT MISCONCEPTION

While boiling point increases with molecular weight within a homologous series,
the dominant factor comparing alcohols to similar-sized hydrocarbons is the
presence of hydrogen bonding, not just mass.

Propane (MW 44) vs. Ethanol (MW 46): Ethanol's BP is drastically higher
due to H-bonding.

strong H-bonds with water.
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SOLUBILITY: LIKE DISSOLVES LIKE
Water Miscibility & Hydrocarbon Chains

MISCIBLE IN WATER DECREASING SOLUBILITY
H H
M ==f=-H
H‘d H /\/\/\EHhH
H-=---H LH‘-&,.-H
H
Methanol, CH,0H Hexanol, CgH,30H
Small alcohols (C,-C,) are completely As the hydrophobic alkyl chain grows
miscible. The polar -OH group forms (C4#), solubility decreases. The non-polar

part hinders H-bonding with water.

@ SUMMARY TAKEAWAY: THE -OH GROUP EFFECT

The physical properties of alcohols and phenols are governed by the polar
hydroxyl (-OH) group, which enables strong hydrogen bonding. This results in
significantly higher boiling points compared to similar-sized hydrocarbons and
high water solubility for lower molecular weight alcohols.

Phenols: Less soluble than lower alcohols due to the bulky aromatic ring,
but still more soluble than corresponding aromatic hydrocarbons.
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Intermolecular Hydrogen Bonding

The strong attraction between the polarized -OH X o

groups of neighboring alcohol or phenol R— 0 e = 0 —OH
molecules. This is the primary driver of

anomalously high boiling points.

van der Waals Forces

Weaker, surface-area-dependent forces. These PO o e e L

Increase with carbon chain length and
decrease with structural branching.
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The Molecular Interface: Boiling Point Determinants~

BP falls with
branching.

Molecules become spher;i
cal, reducing surface
area and weakening ve
der Waals forces.

BP rises wi
carbon count.

Increased surface area
amplifies van der Waals
forces.




TopAll
You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.

PracticeNow —) Atprep.topall.app

© Free Study Material, Videos & Infographics © Practice Unlimited MCQs for NEET & JEE

© Push Your Limits with Level-Based Challenges © Get Clear Explanations, Not Just Marks

© Climb the Leaderboard Among Fellow Aspirants © Track Your Performance Smarter




Boiling Point & Intermolecular Forces: A
Mass Constant, Type of Force Varies

Low BP Boiling Point (Increasing) —» High BP
Propane Methoxymethane Ethanol
CH;CH,CH; CH;0CH, CH;CH,0H

Hydrocarbon, Mass ~44. Ether, Mass ~46. Polar, Alcohol, Mass ~46. Held
Driven only by weak van but lacks H-bonding. tightly by intermolecular
der Waals forces. H-bonding.

By holding molecular mass constant, we prove that the type
of intermolecular force strictly dictates the physical state.
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The Molecular Interface: Alcohol Solubility and Structure ™!
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Hydrophobic H e _ Hydrophilic
R- (Alkyl/Aryl) group (I: H H & -OH Group
-
Resists water. H Ill CI: '\? 3 Forms H-bonds with
H H Hy ' water, driving solubility.
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Solubility falls as the size of the hydrophobic alkyl/aryl group rises.
Lower mass alcohols remain miscible in water in all proportions.
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Which correctly ranks the boiling points

of compounds with comparable mass?

Ethanol > Propane > Methoxymethane

0 Ethanol > Methoxymethane > Propane

Watch for this common comparison.

It is easy to assume ethers behave exactly like non-polar hydrocarbons due
to their lack of H-bonding. However, ethers possess a net dipole moment.
Therefore, their boiling point sits strictly INTERMEDIATE between a non-
polar hydrocarbon and an H-bonded alcohol of comparable mass.
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Key Takeaways

e Alcohols and phenols have anomalously high
boiling points compared to hydrocarbons,
ethers, or haloalkanes of similar mass entirely
due to intermolecular H-bonding.

e Solubility in water is driven by H-bonding,
but decreases as the hydrophobic alkyl/aryl
chain grows larger. Conversely, boiling points
rise with total carbon count but fall with
structural branching.
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