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Bonding In
Coordination
Compounds

From early postulates to
modern orbital architecture.




THE LIMITS OF EARLY OBSERVATION A

Why Werner’'s Theory Was Not Enough

Werner correctly identified primary and secondary valences, but his foundational theory
left three critical mysteries unsolved:

03 / Observable Traits

01/ Element Specificity 02 / Spatial Direction

Why do only certain Why do the bonds in Why do coordination
elements possess the coordination compounds exhibit
remarkable property of compounds have such characteristic and
forming coordination specific directional unigue magnetic and

compounds? properties? optical properties?




THE PARADIGM SHIFT A
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The Need For Advanced Orbital Theories
To answer Werner's unsolved mysteries, modern chemistry required models that look beyond basic linkages.
Four approaches emerged (VBT, CFT, LFT, MOT), with two serving as our primary structural blueprints:

Valence Bond Theory (VBT) Crystal Field Theory (CFT)

Focus: Geometry & Hybridisation Focus: Magnetism & Colour ‘

Explains the directional properties of bonds. It Explains the optical and magnetic properties. It

reveals how metal atom orbitals mathematically mix to models metal-ligand interactions electrostatically,

create specific geometric structures, allowing ligands showing how ligands cause the ‘splitting’ of

to donate electron pairs. d-orbital energies.
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d-orbitals
(degenerate)
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VALENCE BOND THEORY A

TopAll

How Ligands Shape Orbital Geometry

VBT provides a clear architectural blueprint for molecule formation. The central

metal atom adapts to the influence of incoming ligands through a distinct four-step
progression:

Metal lon Orbitals Hybridisation Equivalent Set Bond Formation

The metal atom Orbitals Yields a new set of Hybridised orbitals
provides available mathematically mix identical orbitals with overlap with ligand
(n-1)d, ns, np, or nd under the influence definite spatial orbitals, which donate
orbitals. of ligands. geometry. electron pairs for

bonding.



MAPPING THE STRUCTURES

Coordination Number & Spatial Geometry
The exact type of orbital hybridisation dictates the definitive 3D shape of the

coordination compound.

COORDINATION NUMBER TYPE OF HYBRIDISATION SPATIAL DISTRIBUTION
4 sp3 Tetrahedral A
4 dsp? Square planar  /></
I -
5 spid bl SR
6 sp3d? Octahedral @
6 d?sp? Octahedral @




SUMMARY

Key Takeaways
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The Evolution of Theory: Werner successfully mapped initial valences, but Advanced
Theories (VBT and CFT) were required to decode the quantum mechanics of molecular
architecture.

VBT Drives Geometry: Ligands force central metal orbitals to hybridise, creating precise
spatial structures (tetrahedral, square planar, octahedral) dictated by their coordination
numbers.

CFT Fills the Gaps: Where VBT primarily handles structural shape and bonding overlap,

Crystal Field Theory is necessary to fully explain the observable optical colors and precise
magnetic behaviors of the compounds.
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