CHAPTER 5.5.5 « CRYSTAL FIELD THEORY

The Origin of Colour in Coordination Compounds

Understanding how subatomic d-d transitions and ligand fields create the
vibrant colours of transition metal complexes and gemstones.
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OPTICAL MECHANICS « OBSERVABLE PHENOMENA A

The Principle of Complementary Colours bty

Transition metal complexes act as selective optical filters. When white light passes
through a sample, specific wavelengths of the visible spectrum are absorbed.
The colour we observe is the exact complementary colour left over.
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FIGURE 5.10 « THE VIOLET COLOUR OF [Ti(H,0)g]3* A

The Mechanics of d-d Transitions TopAl

Crystal field theory explains colour through electron excitation. In an octahedral
complex, absorbing specific light energy forces an electron to jump from the
lower (t,,) to the higher (e,) split d orbital.
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TABLE 5.3 « SPECTROCHEMICAL DATA A

Mapping Wavelengths to Observed Colours TopAl

Experimental data confirms the direct, inverse relationship between the wavelength
of energy a coordination entity absorbs and the visible colour it transmits.

[CoCI(NH;)5]%* [Co(NH;)s(H,0)]3*

[Co(NH3)e]3*

Absorbs 535nm Yellow Absorbs 500nm Blue Green @ Absorbs 475nm Blue @

Appears Violet Appears Red Appears Yellow Orange

[Cu(H0)4]* [Ti(H20)6]°* [Co(CN)e]*-

Absorbs 600nm Red @ Absorbs 498nm Blue Green @ Absorbs 310nm Ultraviolet
(Not in visible region)

Appears Blue Appears Violet Appears Pale Yellow




CRYSTAL FIELD DEPENDENCIES

No Ligand, No Colour

Because colour depends entirely on the splitting of d orbitals, a ligand is mandatory.

Without ligands to create the crystal field, d orbitals remain degenerate (equal
energy), no transitions occur, and the substance appears colourless.

Heat / Remove Water

b

‘Hydrated Heat / Remove Water
CuS0, * 5H,0

Anhydrous
Tid+

[Colourless]

Anhydrous
CuSO,

[White]
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FIGURE 5.11 « AQUEOUS SOLUTIONS A

Ligand Substitution Drives Colour Change oAl

Changing the surrounding ligands alters the crystal field splitting energy (A,).
Adding ethane-1,2-diamine (en) to a Nickel(ll) solution creates a progressive

shift in the absorbed wavelength.

[Ni(H20)6]* [Ni(H20)4(en)]** [Ni(H20),(en),]* [Ni(en)s]**




STRUCTURAL LATTICES * EVERYDAY CHEMISTRY A

The Hidden Chemistry of Gemstones LG22l

The stunning colours of precious gemstones are d-d transitions
occurring within solid mineral lattices. The exact same transition metal
ion (Cr®*) produces entirely different colours depending on its host lattice.

Ruby Lattice: Al,05 (alumina) Emerald Lattice: Beryl (Be;Al,Si;0,5)

+ 0.5-1% Cr3+ ions + Cr3+ions

 Qctahedral chromium(lll) complexes + The lattice environment shifts absorption to
produce a red output. yellow-red/blue, transmitting green.



CHAPTER SUMMARY

Core Concepts of Coordination Colour

s

Complementary
Vision
Observed colour is the
exact inverse of the visible

light wavelength absorbed
by the complex.

Orbital
Mechanics

Colour is generated by
electrons jumping between
split d orbitals (d-d
transitions) triggered by
light energy.

4 ‘\
Ligand
Dictation

The presence and type of
ligand determine the crystal
field splitting size, which
directly dictates the exact
colour observed.

(No ligand = No colour).
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