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Classification of Ligands
Metal Oxidation States
Electron Counting
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Primary Classes of Ligands for Organometallic Chemistry:

 Carbon Monoxide (Carbonyls)
 Phosphines
 Cyclopentadienide
 Halides and Hydrides and Carbanions

Transition metals are tuned by their ligands
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Overview of Transition Metal Complexes

1.The coordinate covalent or dative bond applies in L:M

2.Lewis bases are called LIGANDS—all serve as ‐donors
some are ‐donors as well, and some are ‐acceptors

3.  Specific coordination number and geometries
depend on metal and number of d‐electrons

4.  HSAB theory useful

a) Hard bases stabilize high oxidation states

b) Soft bases stabilize low oxidation states
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Classification of Ligands: 
The L, X, Z Approach

Malcolm Green :  The CBC Method (or Covalent Bond Classification) used 
extensively in organometallic chemistry.

L ligands are derived from charge-neutral precursors:  NH3, amines, 
N-heterocycles such as pyridine, PR3, CO, alkenes etc.

X ligands are derived from anionic precursors:  halides, hydroxide, alkoxide
alkyls—species that are one-electron neutral ligands, but two electron
donors as anionic ligands.  EDTA4- is classified as an L2X4 ligand, 

features four anions and two neutral donor sites. C5H5 is classified an 
L2X ligand.

Z ligands are RARE.  They accept two electrons from the metal center.  
They donate none. The “ligand” is a Lewis Acid that accepts electrons
rather than the Lewis Bases of the X and L ligands that donate electrons. 



Here, z = charge on the complex unit.
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Carbon Monoxide or Carbonyl:  MO description



How do we know?



The M-C bond in Metal Carbonyls



Ligands of Organometallic Chemistry.  Homoleptic complexes from CO and PR3.

HOMO LUMO





Tolman Electronic Parameter for Ligand Donor Ability

CO as a Reporter Ligand via
IR Stretching Frequencies



Tolman electronic parameter



Tolman’s steric parameter









Ferrocene:  (η5-C5H5)2Fe

https://www.youtube.com/watch?v=H6_E6C_e_fg

mpt:  172°C; bpt:  250°C  !!      No decomposition.    



Ferrocene:  (η5-C5H5)2Fe

What symmetry element 
distinguishes the two?




