VALENCE BOND (VB) THEORY A

4.5.3 Overlapping of Atomic Orbitals o

p-orbital 1 p-orbital 2

Covalent bonds form through the partial interpenetration of atomic orbitals.
The strength and existence of a bond depend entirely on the phase and
orientation of these orbital wave functions in space.




CONSTRUCTIVE INTERFERENCE A
Positive Overlap TopAl

Wave + Wave = Bond Formation

Orbitals forming a bond must have the same sign (phase) A EXAM-SMART NOTE:

and correct orientation in space. This constructive

interference localizes electron density between the The + and - signs indicate the phase of the orbital wave
nuclei, pulling them together. function (amplitude direction), NOT electrical charge.

s-s overlap s-p overlap p-p overlap




DESTRUCTIVE INTERFERENCE A

Negative Overlap TopAl

Wave + |~

Occurs when orbitals of opposite signs (phases) interact. The wave amplitudes cancel each other out
(destructive interference). This creates a node with zero electron density between the nuclei, preventing bond
formation and pushing the atoms apart.

Wave - No Bond (Repulsion)

p-p overlap (axial clash) p-p overlap (parallel clash)
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SYMMETRY & AXIS MISMATCH A
Zero Overlap

Misaligned Orbitals = Zero Net Overlap

Occurs when orbitals approach from directions that do not allow their wave functions to interact effectively. Any
positive overlap is exactly canceed by an equal amount of negative overlap, resulting in a net electron sharing of zero.

1 Symmetry Mismatch 2 Directional Mismatch




THE RULES OF COMBINATION

Why Phase and
Orientation

Matter

v

Wave Mechanics

Electrons behave as waves. Covalent bonding relies
strictly on in-phase, constructive interference. Without
matching wave signs, electrons cannot localize between
nuclei to hold the atoms together.

MASTER ORBITAL OVERLAP MATRIX A

CONSTRUCTIVE INTEHFERENCEI'opAII

Positive o:::)oo = P (Condino

Waves Reinforce: Electron Density
Increases Between Nuclei.

DESTRUCTIVE INTERFERENCE

=) =
Negative Oih ) = @ () (Antibonding)

Waves Cancel: Zero Electron Density
(Node) Between Nuclei.

o 3 ZERO NET OVERLAP
= .. "y (Nonbonding)
" , :D °_} '~ Mismatch: Positive Overlap

(=) € Exactly Cancels Negative Overlap.

Z

A

X y

Directional Geometry

Unlike spherically symmetrical s-orbitals, p and d orbitals
possess strict directionality (e.g., 90° apart). Proper spatial
alignment guarantees maximum overlap, which dictates the
ultimate 3D shape of polyatomic molecules like CH4 or H,0.



KEY TAKEAWAYS A
Correct Orientation is Essential for Stable

Bond Formation

Positive Overlap Negative Overlap Zero Overlap
[Result: STABLE BOND] [Result: NO BOND] [Result: NO BOND]
Same phase, correct spatial Opposite phase, clashing alignment. Orthogonal mismatch or symmetry

alignment. Constructive interference. Destructive interference. cancellation. Net zero interaction.

Maximized Positive Overlap = Maximum Electron Pairing = Strongest Covalent Bond

To accurately predict the geometry and stability of covalent molecules, we must look beyond simply counting
shared electrons and analyze the 3D spatial wave functions of their specific atomic orbitals.

—
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