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Chapter 24

Organometallic d-block

Organometallic compounds of the d-block

Compounds with element-carbon bonds involving 
metals from the d-block

M M

ηηηη5 ηηηη3 ηηηη1

M

H

Hapticity of a ligand – the number of atoms that are directly bonded to the metal center

σ-bonded alkyl, aryl and related ligands

Localized 2c-2e interaction

TiMe3
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Dewar-Chatt-Duncanson model
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In multinuclear metal species a number of bonding modes may be adopted.

semi-bridging

Free CO,   υCO 2143 cm-1

d(CO) = 112.8 pm

υM-C (cm
-1

)  416 441

::  :OCM: OCM ==↔≡−
+
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Hydride ligandsHydride ligands

3c-2e 4c-2e 7c-2e
interstitial
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Metal complexes with H2Metal complexes with H2

Monodentate organophosphines: σ-donor and π-acceptor  

tertiary: PR3

secondary: PR2H
primary: PRH2

π-accepting properties:

PF3 > P(OPh)3 > P(OMe)3 > PPh3 > PtBu3
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π-bonded ligandsπ-bonded ligands
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146 pm

134 pm134 pm

143 pm

138 pm

141 pm

free buta-1,3-diene Mo(η3-C3H5)(η
4-C4H6)(η

5-C5H5)
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Nitrogen monoxide

•radical

•singly bound as nitrosyl ligand

•linear or bent (165-180°)

•donates three electrons to metal

•υNO 1525-1690 cm-1

M=N=O  :M-NΞO:

M-N

O

Dinitrogen

•N2 and CO are 

isoelectronic, similar 

bonding

•Complexes of N2 not as 

stable as CO

Dihydrogen

•σ-MO (electron donor 

orbital) and σ*-MO 

(acceptor) 

•can weaken or cleave the 

H-H bond
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18-electron rule18-electron rule

•Low oxidation state organometallic complexes tend to obey the 18-
electron rule.

•Valid for middle d-block metals, and there are exceptions for early 
and late d-block metals.

•16 electron complexes common for Rh(I), Ir(I), Pd(0) and Pt(0)

Rules

•Treat all ligands as neutral species to avoid assigning oxidation state to 
metal center.

•The number of valence electrons for a zero oxidation state metal is equal 
to the group number.

•1 electron donor:  H*, terminal Cl*, Br*, R* (alkyl, or Ph), or RO*.

•2 electron donor:  CO, PR3, P(OR)3, R2C=CR2 (η2-alkene), R2C: (carbene)

•3 electron donor: η3-C3H5* (allyl radical), RC (carbyne), µ-Cl*, µ-Br*, µ-
I*, µ-R2P*

•4 electron donor: η4-diene, η4-C4R4 (cyclobutadienes)

•5 electron donor: η5-C5H5*, µ3-Cl*, µ3-Br*, µ3-I*, µ3-RP*

•6 electron donor: η6-C6H6 (and other η6-arenes)

•1 or 3 electron donor:  NO

18-electron rule practice18-electron rule practice
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18-electron rule practice18-electron rule practice

(η6-C6H6)Cr(CO)3

18-electron rule practice18-electron rule practice

[(CO)2Rh(µ-Cl)2Rh(CO)2]

Disobeys 18 electron rule
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Metal carbonyls
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Metal carbonyl anions

Na[Ir(CO)4]                 Na3[Ir(CO)3]
1.Na, HMPA, 293 K
2. Liquid NH3, 195 K, 
warm to 240 K

Ir4(CO)12 Na[Ir(CO)4]Na, THF, CO 1 bar

Ru3(CO)12 Na2[Ru(CO)4]
Na, liquid NH3, low T 

Cr(CO)4(R)       Na4[Cr(CO)4]
Na, liquid NH3

(R = Me2NCH2CH2NMe2-N,N’)
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Fe-Fe bond

Os3(CO)12Fe3(CO)12Co3(CO)8
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Rh4(CO)12 Ir4(CO)12 Ir4(CO)16 Ir4(CO)16

High nuclearity metal carbonyl clusters



15

Isolobal principle and application of Wade’s rulesIsolobal principle and application of Wade’s rules

Two cluster fragments are isolobal if 
they possess the same frontier 
orbital characteristics: same 
symmetry, same number of electrons 
available for cluster bonding, and 
approximately the same energy.

Frontier MOs are close to the HOMO and LUMO
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M = Fe, Ru, Os

BH and C3v M(CO)3 [M=Fe, Ru, Os] fragments are isolobal and their relationship 
allows BH units in borane clusters to be replaced by Fe(CO)3, Ru(CO)3 or Os(CO)3

Wade’s rules

•A closo-deltahedral cluster cage with n vertices requires (n+1) 
pairs of electrons, which occupy (n+1) cluster bonding MOs.

•From a parent closo cage with n vertices, a set of more open 
cages (nido, arachno, and hypho) can be derived, each of which 
possessed (n+1) pairs of electrons occupying (n+1) cluster 
bonding MOs

•For a parent closo-deltahedron with n vertices, the related nido-
cluster has (n-1) vertices and (n+1) pairs of electrons

•For a parent closo-deltahedron with n vertices, the related 
arachno-cluster has (n-2) vertices and (n+1) pairs of electrons

•For a parent closo-deltahedron with n vertices, the related hypho-
cluster has (n-3) vertices and (n+1) pairs of electrons
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Polyhedral skeletal electron pair theory (PSEPT)Polyhedral skeletal electron pair theory (PSEPT)

•Moving to the right or left adds or removes electrons to the frontier MOs.

•Removing or adding a CO removes or adds two electrons

x = v + n – 12

where: x = number of cluster-bonding electrons provided by fragment

v = number of valence electrons from the metal atom

n = number of valence electrons provided by the ligands
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Number of electrons for cluster bonding by selected fragments

Capping PrincipleCapping Principle

Boranes tend to adopt open structures; however, capping is found 
in many metal cabonyls.

Addition of one of more capping units to a deltahedral cage 
requires no additional bonding electrons. A capping unit is a 
cluster fragment placed over the triangular face of a central cage.

Rationalize why Os6(CO)18 adopts the following structure instead of 
an octahedral cage
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Isolobal pairs of metal carbonyls and 
hydrocarbon fragments

Isolobal pairs of metal carbonyls and 
hydrocarbon fragments

and CH 
(provides 
three 
orbitals and 
three 
electrons)

and CH2

(provides 
two orbitals 
and two 
electrons)

and CH3

(provides 
one orbitals 
and one 
electron)

Mingos cluster valence electron countMingos cluster valence electron count

Each low oxidation state metal cluster possesses a characteristic 
number of valence electrons.

A difference of two between valence 
electron counts corresponds to a 2 e-
reduction (adding two electrons) or 
oxidation (removing two electrons).
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Condensed cagesCondensed cages

Total valence electron count for a condensed structure is equal to 
the total number of electrons required by the sub-cluster units 
minus the electrons associated with the shared unit.

18 electrons for shared M atom; 34 electrons for shared M-M 
edge; 48 electrons for a shared M3 face.

Os6(CO)18 Three face-sharing tetrahedra
Valence electron count = 3*60 = 180
Subtract 48 for each shared face = 180-(2*48) = 84
The number of valence electrons available 
= 6*8 + 18*2 = 84

� The observed structure is consistent with the 

number of valence electrons available

Applications as catalystsApplications as catalysts
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Molecular WiresMolecular Wires


