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Coordination Compounds

« Coordination compounds
compounds composed of a
metal atom or ion and one or

more ligands.

— [Co(Co(NH;),(OH,)3]Brg

— Ligands usually donate
electrons to the metal

— Includes organometallic

compounds
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» Central metal 1on or atom surrounded by a set of ligands
» The ligand donates two electrons to the d-orbitals around the

metal forming a dative or coordinate bond
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« A Coordination CompoundTypically consists of a complex ion
and counterions (anions or cations as needed to produce a
neutral compound):

[Co(NH,):CI]CI,
[Fe(en),(NO,),],SO,
K;Fe(CN)g

Coordination Number

* Number of bonds formed between the metal ion and the ligands
In the complex ion.

= 6 and4 (most common)
= 2 and 8 (least common)
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Ligands

« Neutral molecule or ion having a lone electron pair that can be
used to form a bond to a metal ion.

= Monodentate ligand — one bond to a metal ion
= Bidentate ligand (chelate) — two bonds to a metal ion
= Polydentate ligand — more than two bonds to a metal ion
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The Coordination of
EDTA with a 2+ Metal lon
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Bonding in Coordination Compounds

CoCl; . 6NH; Yellow
CoCl; . 5NH; Purple

CoCl; . 4NH; Green

CoCl,.3NH,  ?

Alfred Werner
(1866-1919)
Nobel Prize 1913

Dr. Rajeev Ranjan



Werner’s Coordination Chemistry

 Performed systematic studies to understand bonding In

coordination compounds.
Organic bonding theory and simple ideas of ionic charges

were not sufficient.

« Two types of bonding
Primary — positive charge of the metal ion is balanced by

negative ions in the compound.
Secondary — molecules or ion (ligands) are attached directly
to the metal ion.
 Coordination sphere or complex ion.
 Look at complex on previous slide (primary and
secondary)
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Werner’s Coordination Chemistry

» He largely studied compounds with four or six ligands.
Octahedral and square-planar complexes.

|t was Iillustrated that a theory needed to account for bonds
between ligands and the metal.

The number of bonds was commonly more than
accepted at that time.

» 18-electron rule.
* New theories arose to describe bonding.
Valence bond, crystal field, and ligand field.
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Werner's conclusions

« The metal is in a particular oxidation state (primary valancy)

« The complex has a fixed coordination number (secondary
valancy)

« The ligands are bound to the metal via a bond which resembles

a covalent bond
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Thank You
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