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The Golden Rule of Covalent Bonds

Extent of orbital overlap dictates bond strength

The Orbital Overlap Concept

Covalent bonds form when atomic orbitals
partially interpenetrate or “overlap,” resulting in
the pairing of electrons with opposite spins.
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Greater Overlap = Stronger Bond

The physical extent to which orbitals merge

gercrmiiesiihe =IETYy slate.andistability,of Electron density is concentrated between the
the resulting bond.

two nuclei, lowering the potential energy of the
& > system and pulling the atoms together.




Sigma (o) Bonds: Maximum Overlap A
Head-on collision allows for deep orbital merging

Formation

Formed by the end-to-end (axial) overlap
of bonding orbitals (e.g., s-s, s-p, or p-p).

x __ g = Extent of Overlap
——< Because orbitals approach directly along

the axis connecting the nuclei, they
penetrate deeply into each other.

Resulting Strength

This large extent of overlap makes the
sigma (o) bond incredibly strong and stable.
It is the primary structural backbone.

Axial / Head-on Overlap

Electron density is highly concentrated symmetrically
along the internuclear axis.
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Pi (ir) Bonds: Restricted Overlap

Sideways orientation inherently limits interpenetration

Formation iR
Formed when atomic orbitals overlap such that S 5
their axes remain parallel to each other and
perpendicular to the internuclear axis.
Extent of Overlap
The established internuclear distance prevents
these parallel orbitals from pushing deeply
together. Overlap is purely lateral and partial.
. ”
Resulting Strength Sidewise / Lateral Overlap
Diu(fr)timsn;ﬁ}}us,ﬂaalﬁgﬁf;ﬁ ntvcgaiierr'lﬂgh Creates two saucer-like charged clouds above and below the
B y plane of the atoms. Zero electron density exists on the axis itself.

sigma (o) bonds.



The Anatomy of Multiple Bonds

Multiple bonds are layered combinations of o and 1t bonds

Important Rule: There can only be ONE Sigma (o) bond between any two atoms.
Any additional bonds formed between those same two atoms must be Pi (1t) bonds.

Single Bond Double Bond Triple Bond

C—C C=C C=C

10 bond 10 bond 10 bond
O 1t bonds + 1 1T bond + 2 Tt bonds




Revision Frame A
Comparison Matrix: Sigma vs. Pi Bonds
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Property Sigma (o) Bond Pi (t) Bond
Orientation of End-to-end / Head-on along | Sidewise / Lateral, perpendicular
Overlap the Iinternuclear axis. to the Internuclear axis.

Large extent of overlap due to | Smaller extent of overlap due to

Extent of Overlap direct approach. parallel geometric restriction.

Relative Strength STRONGER WEAKER

Can exist independently. Every | Never exists independently.
single bond is a o bond. Always forms in additionto a o

bond.

Role in Bonding
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