The Chemical Bond in Metal Complexes
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Molecular Orbitals (MO)
combination of atomic wavefunctions

Waves reinforce

+ + +
X
X

0 -

e / Distance

Distance




Molecular Orbitals (MO)
combination of atomic wavefunctions
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Molecular Orbitals (MO)
combination of atomic wavefunctions
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Molecular Orbitals (MO)
combination of atomic wavefunctions
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Crystal-field Splitting in
octahedral field
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Interaction of the t,, and e, orbitals in an octahedral crystal field
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Symbols of wavefunctions(orbitals)

Symmetry descriptrors a, b, e, t, g relate to the symmetry of the orbitals

a = singly degenerate orbital, symmetrical to the main axis

b = singly degenerate orbital, anti-symmetrical to the main axis
e = doubly degenerate orbital

t = triply degenerate orbital

g = symmetrical with respect to the inversion center

u = anti-symmetrical with respect to the inversion center
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Symmetry of atomic orbitals (metal vs ligands)

Only orbitals with the exact same symmetry combine
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Dative Bonds (coordination chemistry

Molecular orbital diagram of a ML complex (where L is a c—donor ligand)
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Spectrochemical Series

Spectrochemical series (strength of ligand interaction)
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Dative Bonds (coordination chemistry

What effect do m-acceptors and 7-donors have on the chemistry of metal
complexes?

MO diagram of Oy, complex with 7-donor ligands

0* 3T1u 3
= e.g [CoClg]™
”.’ | Z
tl — \“
P e 8 = ,\ /Sy
B 0*2'1 ;
\ a i
ot hgand tZg

- v
\‘. “\A"" ‘\\ ‘\\\
PR} Voo
e a | | J
\_/ lg—(‘ \ \\ L \ 1‘

\“\ ‘. nb tl

, n\b . Mamly ligand in character.

Ignored m electron counting
of metal valence electrons.
[CoClG]S' 1s considered 18

, . electron, even though 42

P ‘L\e;“#"::’:."/ ’—ﬁ» g electrons in MO diagram

| | |
L L
_Mé L—l\‘/{iL T
~ ‘ r ‘ 18
L L
metal in O, field ligands in Oy, arrangement

Note the effect on the 1, d-orbitals in comparison to the G-only case. These t, orbitals have risen
in energy, closer to the e, level. resulting in a reduction of A, (10 Dq).
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Cu-CI{1) = 2.278(1)
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Cu-CI(3) = 2.608(1)



Dative Bonds (organometallic chemistry
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Dative Bonds (Metal-mt electrons)

A qualitative molecular orbital diagram for ferrocene (D)
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Metal-t electrons bond is still a o-bond

Symmetry matching of the SALC’s with the metal atomic orbitals
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