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The Origin of Colour in Coordination Compounds
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Ligands influence A, therefore the colour
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Absorbance

The Optical Absorption Spectrum of [Ti(H,O)¢]3*
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Ti(H,0)3* Absorbs Light Due to an Electron Transition
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Absorption of radiation leading to electronic transitions within a molecule or

complex
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Absorption maxima in a visible spectrum have three important
characteristics:

1. Number (how many there are)
This depends on the electron configuration of the metal centre

2. Position (what wavelength/energy)

This depends on the ligand field splitting parameter, A, or A, and on the
degree of inter-electron repulsion

3. Intensity

This depends on the "allowedness" of the transitions which is described
by two selection rules
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Absorption of light

[Ti(OH,)s]3* = dt ion, octahedral complex / white light
400-800 nm

- ~ blue: 400-490 nm / /
? . -green: 490-580 nm /

. red: 580-700 nm
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This complex is has a light purple :
colour in solution because it absorbs :
green light ;
i A/ nm
Amax =910 nm

Dr. Rajeev Ranjan



The energy of the absorption by [Ti(OH,)g]3* is the ligand-field splitting, A,

complex in electronic >d-d transition » complex in electronic
Ground State (GS) excited state (ES)
[Ti(OH,)el3* Apax =510 nm A,is . 243 kJ mol?
20 300 cm-1

An electron changes orbital; the ion changes energy state
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Electron-Electron Repulsion

lobes overlap, large electron repulsion lobes far apart, small electron repulsion

These two electron configurations do not have the same energy
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Selection Rules

Transition
Spin forbidden
Laporte forbidden

Spin allowed
Laporte forbidden

Spin allowed
ligands
Laporte allowed

or

€

103-1
1-10

10 — 100
100 — 1000
102 — 103
102 — 104
103 — 106

complexes

Many d°> O, complexes
[Mn(OH,)q]**

Many O, complexes
[Ni(OH,)c]**

Some square planar complexes
[PACI,]%

6-coordinate complexes of low symmetry,
many square planar complexes particularly with
organic ligands

Some MLCT bands in ¢cxs with unsaturated

Acentric complexes with ligands such as acac,
with P donor atoms

Many CT bands, transitions in organic species
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The colour can change depending on a number of factors e.g.
1. Metal charge
2. Ligand strength, e.t.c.

[Col(NH3)5](NO3),  [Co(NO,)(NH;)5](NO;),
[CoBr(NH;)5](NO5), [Co(SO4)(NH5)5|NO;
[Co(CO3)(NH;)5]NO;




