Two Fundamental Classes of Molecular Orbitals A

Sigma (o) Orbitals

~
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Pi () Orbitals

Symmetry: Symmetrical around the bond axis.
Overlap Type: Head-on / Axial.

Electron Density: Concentrated directly between
the nuclei.

Strength: Stronger bond due to maximum extent
of overlap.
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Symmetry: Not symmetrical around the bond axis.
Overlap Type: Sideways / Parallel.

Electron Density: Saucer-type clouds located
above and below the nuclear plane.

Strength: Weaker bond due to smaller extent of
sideways overlap.
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The Foundation: Combining 1s Orbitals
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1s Orbital

Destructive Interference

1s Orbital

1s Orbital

1s Orbital

density between nuclei
I_(stable, lower energy). 3

Node: Region of zero electron density
(destabilized, higher energy).

Subtraction (g, - wg) creates the 6”15 Antibonding Orbital.




Quantum Blueprint

Axial Alignment: p-Orbitals as Sigma Bonds

s N

Inner lobes merge to
concentrate density
between nuclei.
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Despite originating from p-orbitals, these remain perfectly symmetrical around the A
Z-axis, classifying them strictly as o-type molecular orbitals. TopAll
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Quantum Blueprint

Sideways Overlap:
Forming Pi (1) Orbitals

Positive phase N/ o
above the plane. ) ) )) )8

Zero electron density
along the bond axis itself.
1 (pi) molecular orbital.

2px and 2py overlap mechanisms
behave identically and possess
degenerate (equal) energy levels,
forming identical 1T orbitals offset
by 90 degrees.

A Negative phase

TopAll below the plane.




Anatomical Deep Dive: The t* Node

Internuclear Axis

, The Cause: Destructive interference "

(Y, - Wg) forces electron density
/ “away from the central gap.

to shield them, the two positively
charged nuclei repel one another.

The Effect: With no electron cloud

’

The Result: Creates a state of higher
energy and lower stability than the
original, separated atomic orbitals.
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| The Quantum Blueprint: MO Reference Matrix
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| MO Type Farent Atomic Symmetr Node Location | Energy Impact
yP Orbitals y y 1 ULl
|
o (Bonding) R 2Dz Axial (Symmetrical) None between nuclei  Stabilizes molecule
: . : . Perpendicular Destabilizes
*x
o* (Antibonding) 1s, 2s, 2pz Axial (Symmetrical) . R
. Planar (Not Along the .
1 (Bonding) 2pX, 2py symmetrical) O riicleat axls Stabilizes molecule
Intersecting planes e
. : Planar (Not ; Destabilizes
* (Antibonding) 2px, 2py : (between nuclei +
symmetrical) along axis) molecule
- v

Orbitals fill in accordance with the Aufbau principle, obeying Pauli's exclusion principle and Hund'’s rule,

determining the final magnetic and structural properties of the molecule.
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