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Capabilities (The “What") Blindspots (The “Why")
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X Mechanics: Explains that atoms share
electrons, but not why or how.
X Energetics: Fails to explain energy differences.
+/ Tracks valence electrons and octets. (e.g., Why does H, require 435.8 kJ mol-! to
; break, while F, requires only 155 kJ mol-!, despite
v Predicts 3D molecular geometry. both being single covalent bonds?).

To understand the why, we need a quantum mechanical approach:

Valence Bond (VB) Theory (Heitler & London, 1927).



Setting the Stage: H, Formation

Panel 1: Infinite Distance
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At infinite distance, there is zero interaction.
The atoms exist as isolated quantum systems.
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Panel 2: Proximity

As the atoms approach, new inter-atomic forces
emerge. The fate of the bond depends entirely on
how these opposing forces interact.
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The Tug-of-War: Attraction vs. Repulsion A

Attractive Forces

Old Forces: New Forces: New Forces:
- N, pulls e, - N, pulls eg - €, repels eg
- N pulls eg - Ng pulls e, - N, repels Ng

Tend to bring the atoms closer together. Tend to push the atoms apart.

Experimentally, the magnitude of the new attractive forces outweighs the new repulsive forces.

The atoms draw closer.




The Potential Energy Curve A
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—— Over-Proximity:
Nuclear repulsion dominates.
Energy skyrockets.

Internuclear Distance

o

Potential Energy

— Approach: Net attraction.
Energy decreases.

J*——— The Minimum Well: Maximum stability.

Attraction perfectly balances repulsion.




The Anatomy of a Stable Bond A
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74 pm (Bond Length)
T —_ The equilibrium internuclear , _ el SRS L IE RS
K ! distance where attractive and |
= repulsive forces perfectly
balance. Internuclear Distance
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Potential Energy

435.8 kJ mol~1 (Bond Enthalpy)

The exact amount of energy released
when the bond forms—and the
energy required to break it.

H(g) + 435.8 kJ mol~* — H(g) + H(g)



REVISION FRAME: Valence Bond Theory TopAl

G

et h The Need A : The Mechanism

ewis/VSEPR show geometry, but Valence Bon o : ;

Theory explains the energetics and mechanics of Bond formation is a victory of Attractive Forces
(N < e) over Repulsive Forces (N < N, e & e).

overlapping orbitals.
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The Rule The Metrics
Every system tends to lower its energy. A stable For H,, the ultimate energy minimum occurs at
bond is simply the state of minimum potential exactly 74 pm (Bond Length), releasing 435.8

energy. kJ mol! (Bond Enthalpy).
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