FOUNDATIONS OF COORDINATION CHEMISTRY

The True
Definition of
Coordination
Number

The coordination number
(CN) of a metalionin a
complex is strictly
defined by the points of
attachment, not the
entities attaching.
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Molecular Blueprint

Coordination Number of

Number == Ligand Donor
Atoms
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RULE 01: COUNT THE BONDS, NOT THE MOLECULES



The Baseline: Unidentate Ligands é%

When a ligand is unidentate, the number of ligands matches the number of donor atoms.

[PtClg]?- [Ni(NH3)4]**
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1 LIGAND =1 DONOR ATOM 1 LIGAND =1 DONOR ATOM




The Didentate Twist: Why Ligand Count Fails A\
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For didentate ligands like oxalate and ethane-1,2-diamine, a single molecule
provides two donor atoms.

DIDENTATE:
1 LIGAND = 2 DONOR ATOMS

3 Ligands -> 6 Donor Atoms (CN = 6) 3 Ligands -> 6 Donor Atoms (CN = 6)
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The Technical Caveat: Sigma vs. Pi Bonds TopAl

Coordination number is determined only by the number of sigma (o) bonds formed. Pi (1) bonds
between the ligand and central atom are strictly ignored.

Pi (t) Bond | NOT COUNTED

-\ _/ Metal



Diagnosing the Common Mistake

Relying on the literal “number of ligands” creates a false equivalence that

completely fails for di- or polydentate complexes.
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Complex Formula

[PtC'E,]Z_

‘ Ligand Count (The Trap) ‘ Donor Atoms (Actual CN)

6 (Matches)

[Ni(NH3)4]2*

4 (Matches)

6 (Diverges!)

6 (Diverges!)
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Notice how [Fe(C204)3]3~ and [Co(en)3]3* only have 3 ligands, but a true coordination number of 6.



FINAL SUMMARY

The Coordination Checklist
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Count the Donor
Atoms

Never assume the number of
ligand molecules equals the
coordination number. Look for
the actual points of
attachment.

02

Identify Didentate
Ligands

Remember that molecules like
oxalate (C204 2-) and
ethane-1,2-diamine (en)
contribute two donor atoms
per molecule.

03

Filter by Bond Type

Only Count Sigma Bonds. If
secondary pi (1) bonds form
between the ligand and the
central atom, they are strictly
ignored in the final count.
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