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Class 12 Chemistry e Chapter 8

8.1.2 Structure of Carbonyl Group

Orbital architecture, geometry, and the origins of reactivity.
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Structural Foundation

The Core of Organic Chemistry

-

The Definition

An organic functional group containing a
carbon-oxygen double bond.
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The Scope
Carbon bonded
Aldehyde | to at least one R-CHO
Hydrogen
Carbon bonded
Ketone to two Carbon | R-CO-R'

atoms

Carbonyls form the backbone of fabrics, flavorings, plastics, and biochemical processes.




Atomic Architecture A

Orbital Construction of the C=OBond

Lateral
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The o Framework (Sigma) The 1t Cloud (Pi)

sp? Hybridised T bond Un-hybridised p-orbital

Carbon forms three o bonds The 4th valence electron forms
(one to oxygen, two to a r-bond via lateral overlap
adjacent substituents). with oxygen’s p-orbital.
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Oxygen retains two non-bonding electron
pairs (lone pairs) in its valence shell.
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3D Spatial Perspective

Planarity and 120° Bond Angles

Geometry

The central carbon and its
three attached atoms are
perfectly locked in the
same plane.
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Angles

Bond angles are
approximately 120°,
minimizing electron
repulsion in a trigonal
coplanar structure.
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2D Flat

Planar o-bond framework

3D Above/Below
Perpendicular m-electron cloud




Electron Distribution ‘.

The Push and Pull of Electronegativity TopAl
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Electrophilic Carbon Nucleophilic Oxygen
Due to lower electronegativity, Carbon loses electron Due to higher electronegativity, Oxygen hoards
density, making it an electron-seeking center. electron density, making it a nucleus-seeking center.
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[ Result: Carbonyl compounds possess substantial dipole moments, making them significantly more polar than ethers. J




Quantum Mechanics & Reactivity A

Neutral and Dipolar Resonance Forms
Neutral Structure (A) Dipolar Structure (B)
>C=0 ¢ >C'-0"
r Why does this matter? W

The high polarity and reactivity of the carbonyl group are best explained by the heavy
contribution of this dipolar resonance structure (B).

The n-electrons are highly mobile. Their shift toward oxygen creates a permanent structural

vulnerability, making the carbonyl carbon highly susceptible to nucleophilic attack.
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