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INORGANIC CHEMISTRY

Valence Bond Theory in

Coordination Compounds

Decoding Geometry, Hybridization, and
Magnetic Properties

A visual playbook for predicting the molecular architecture of
transition metal complexes using Pauling's Valence Bond Theory.
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The Geometry & Hybridization Matrix é%

Under VBT, the central metal ion utilizes its empty (n-1)d, ns, np, or nd orbitals to create equivalent
hybridized orbitals, directly dictating the physical shape of the complex.

Coordination Number 4 Coordination Number 5 Coordination Number 6
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(Inner Orbital)
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Square Octahedral

Planar (Quter Orbital)




[Co(N Hs)s]3+:
Forced Pairing

Coordination No: 6

Diamagnetic

Octahedral

Inner Orbital / Low Spin

Six NH, molecules force the 3d
electrons to pair up against
Hund's rule, emptying two inner
d orbitals for hybridization.
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Six pairs of electrons from six NH, molecules
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You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.
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[CoF¢]3: Utilizing
Outer Orbitals

Coordination No: 6

Octahedral

Outer Orbital / High Spin

Paramagnetic

F-is a weak ligand. It cannot force
the 3d electrons to pair. Instead, the
complex must use outer 4d orbitals
to accommodate the ligands.
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Orbitals of Co3* ion
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Six pairs of electrons from six F- ions




[NICI.]%: The A

Tetrahedral ~ Orbitals of Niz* ion
state NN~ T
| 3d 4s 4p

Coordination No: 4 sp? hybridized orbitals of Ni%*

NN N1
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sp® hybrid

Tetrahedral

~ [NiCl,J> complex
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Nickel(ll) is a d® system. The four Four pairs of electrons
Cl- ligands donate pairs into an | from 4 Cl- ions
sp? hybrid, leaving the two |

unpaired 3d electrons untouched.

Paramagnetic




[Ni(CN),]#: The
Square Planar Shift

Coordination No: 4

Square Planar

Diamagnetic

The strong CN- ligand forces the two
unpaired 3d electrons to pair up,
emptying one inner d orbital.

This completely changes the
hybridization from sp® to dsp?.
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Orbitals of Ni%* ion
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Four pairs of electrons
from 4 CN- groups




The VBT Master Matrix

A holistic comparison of our four key complexes.

Complex CN Hybridization Geometry
[Co(NH3)6]3* 6 d?sp’ Octahedral
[CoFg]®" 6 sp3d? Octahedral
[NiCl,]% 4 sp3 Tetrahedral
[Ni(CN)4]% 4 dsp? Square Planar

Spin State

Low

High

L
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Magnetism

Diamagnetic

Paramagnetic

Paramagnetic

Diamagnetic



SUMMARY TopAll

VBT Cheat Sheet

The Geometry Rule The Magnetic Link Inner vs Outer
CN=6 is always Diamagnetic: All If inner (n-1)d orbitals
Octahedral. electrons are paired are used (e.g., 3d), it's

CN=4 is a fork in the
road: Tetrahedral (sp3)
or Square Planar

(dsp?).

(often forced by strong
ligands).

Paramagnetic:
Unpaired electrons
remain (no forced

pairing).

an Inner Orbital / Low
Spin complex.

If outer n d orbitals are
used (e.g., 4d), it's an
Outer Orbital / High
Spin complex.
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