
HOMOGENEOUS CATALYSIS: INDUSTRIAL APPLICATIONS AND 

PHOTOCATALYSIS

LM Chimica @UniTS − 6CFU

ORGANOMETALLIC CHEMISTRY (2 CFU) Prof.ssa Elisabetta Iengo

d-block organometallic compounds − Historical notes/Electron 

counting/Nomenclature

Ligand classification/Bonding modes

Metal-Carbenes/Metal-carbonyls/Metallocenes

Reactivity/Fluxional Processes

Final Exam: Oral examination on both modules. 

HOMOGENEOUS CATALYSIS AND PHOTOCATALYSIS (4 CFU) Prof.ssa
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d-block Organometallic Compounds



Coordination Compounds

(Werner’s type complexes)

• Typically simple ligands, 

s-donor and p-donor

• Usually charged

• Variable number of d-

electrons

• Typically soluble in water

Organometallic Compounds

(at least one M–C bond)

• Often neutral

• Fixed number ofd-electrons

(16 or 18 are the stable

eletron configurations)

• Soluble in organic solvents

(e.g. THF)

• Properties more similar to 

organic compounds than to 

inorganic salts (e.g. low 

melting points; some are 

even liquid at r.T.)
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Zeise Salt, 1827

[Pt(C2H4)Cl3]
-
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Mond, Langer, Quinke, 1890 7



Hieber, 1930-…. 8



Chemical Analysis Ir, Raman, NMR X-ray diffraction

Walter Otto Hieber (1895-1876)

Technische Hochschule München
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Chemical Analysis Ir, Raman, NMR X-ray diffraction

Walter Otto Hieber (1895-1876)

Technische Hochschule München
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Nature 168, 1039 - 1040 (15 December 1951); doi:10.1038/1681039b0

A New Type of Organo-Iron Compound
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Ferrocene, 1951 (IR, X-ray, NMR)

FeCp2 Cp = C5H5
−
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1970 - …  Ln-Cp* compounds

Cp* = C5Me5
−
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1973 − Nobel Prize for Organometallic 

Chemistry of the d-block elements

Ernst-Otto Fisher (Munich)

& 

Geoffrey Wilkinson (London)
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Electron Counting

Donor-pair method
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• The oxidation state of the metal atom is given

by the difference between the compound total

charge and the sum of the ligand charges.

• The number of electrons of the metal atom is

identified by the difference of the metal Group 

number and the metal oxidation state.

• The total number of electrons is given by the 

sum of the electrons of the metal atom and 

those of the ligands.

(a) [IrBr2(CH3)(CO)(PPh3)2] 

(b) [Cr(h5-C5H5)(h
6-C6H6)]

(c) [Pt(CH2=CH2)Cl3]
–

(d) [Mn(CO)5]
–

Electron Counting
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MO s interactions only

6 bonding

MO
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p-donors

LGO t2g

eg

*

t2g*



Energetic levels for the MO of a octahedral complex with 

strong field ligands (p acceptors)

9 bonding

MO
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Energetic levels for the MO of a square planar complex with 

strong field ligands
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s-donor

+ 

p-donor

s-donor

+ 

p-acceptor
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1962, The Vaska Complex (16e-)
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Rh(I), 18e−

Exceptions to the 16-18 electron rule
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Pt(0), 16e−

Exceptions to the 16-18 electron rule



Exceptions to the 16-18 electron rule
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[V(CO)6] 17 electrons

[W(CH3)6] 12 electrons

[Cr(h5-Cp)(CO)2(PPh3)] 17 electrons

[Cr(h5-Cp)(CO)3]2 18 electrons

Cr–Cr (epta-coordination)

Exceptions to the 16-18 electron rule
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Nomenclature
(see also Supplemental Material on Moodle)

One single word:

• Ligands in alphabetical order – plus possible coefficients

(bis, tris, tetrakis,..)

• Followed by the metal name, 

• Followed by the metal oxidation state in parenthesis. 

Extended Name

• Metal symbol, 

• Followed by the ligands in alphabetical order

(based on their chemical symbols)

Formula (in [ ] brakets)

Not always the ligands order is the same

for the two cases 28



benzene(tricarbonyl)molybdenum(0)

benzenemolybdenum-tricarbonyl

[(h6-C6H6)Mo(CO)3]
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Apticity = number

of ligand atoms

that are formally

directly bound to 

the metal –

electron counting

changes!

2 electrons
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4 electrons
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6 electrons
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m3-Hm2-H

Bridging Ligands
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[FeCp2]

[RhMe(PMe3)4]

methyltetrakis(trimethylphosphine)rhodium(I)

bis(h5-cyclopentadienyl)iron(II) 34



35

Simplified MO diagram of CO
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The MO level diagram of CO shows that the HOMO (3s) has s symmetry, this

orbital is positioned mainly on the C, as a sprouting lobe; on the other hand the 

LUMO has a p symmetry.
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m2-CO
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m3-CO
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Reference CO vibrational bands ranges for neutral metal-

carbonyls.
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side-on
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