The Energetic Threshold: Why 3rd-Period A

Elements Use d-Orbitals
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The Principle

Elements in the third period (and
beyond) unlock d-orbitals for bonding.

The Rule of Proximity

Hybridisation strictly requires orbitals
of almost equal energy.

The Consequence

Mixing 3s, 3p, and 3d is allowed.
Mixing 3d, 4s, and 4p is allowed. Mixing
3p, 3d, and 4s is strictly forbidden.




The Master Map of d-Orbital Geometries .
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Geometry Name Hybridisation Orbital Blend Example Compounds }
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Constructing PCl;: The sp°d Blending Process &

Target: Phosphorus (Z=15) shuffling electrons to accommodate 5 bonds.
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3s 3p 3d 3s 3p 3d sp®d hybrid orbitals 3d

Outer configuration is 3s? 3p?. One 3s electron promotes to 34, The one s, three p, and one d

yielding five unpaired orbitals blend to form five
electrons. identical hybrid orbitals.
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The Structural Quirk of sp3d: Asymmetrical Bonding
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horizontal plane, ‘ perpendicularly (90°)
spaced at equal S{Cl above and below the
120° angles. equatorial plane.
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The Consequence A

Because they sit at a tight 90° angle to the equatorial plane, axial bond pairs suffer greater ">

repulsive interaction. This forces them to be longer and weaker, making PCI; highly reactive.
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Constructing SF,: The sp*d? Blending Process
Target: Sulphur (Z=16) shuffling electrons to accommodate 6 bonds.

1. Ground State 2. Excited State 3. Hybridised State

sp>d? hybrid orbitals 3d
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Outer configuration is One 3s and one 3p electron The six orbitals blend into
352 3pt promote to 3d, yielding six six identical sp®d? hybrid
2 unpaired electrons. orbitals.




The Perfection of sp3d?: Octahedral Symmetry
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The Geometry ® The Angles

Regular Octahedron. All six Every angle between any
sp3d? hybrid orbitals project
towards the exact corners of
this shape.

adjacent bond is exactly 90°,
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equilibrium.
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The Result
Unlike sp3d, there is no distinction between axial and equatorial positions here. Every single A
single S—F sigma bond is structurally identical, resulting in a highly stable, uniform structure. =g
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Revision Frame: The Expanded Octet

Architecture
sp3d (PCI;)

'Geometry: | Trigonal Bipyramidal

Orbitals: | 1s +3p +1d

:Angles: 120° (Equatorial) & 90° (Axial)

Asymmetrical / Reactive
(Axial bonds suffer higher repulsion).

Key Trait:

-
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:Geometry: Regular Octahedral J
fOrbitals: 1s+3p+2d
:A“QIES: 90° exclusively J
Key Trait: Perfectly Symmetrical / Stable

(All 6 bonds are identical).
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