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Three Basic Types of Interaction

2-, 1-, and 0-electron neutral ligands

ligand

ligand
k)
T T
L ligand X ligand Z ligand
both electrons provided by one electron provided by both electrons provided by
ligand ligand and by metal metal
a.g. PRy, CO, CoH, eg. H CLR e.g. BF,
(neutral molecules) (radicals) (Lewis acids)
Dative Covalent Bond Normal Covalent Bond Dative Covalent Bond

An L—function orbital is occupied by a pair of electrons.
An X-function orbital is filled by a single electron.

A Z-function orbital is empty
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Some Examples of Ligand Classification
Some standard organometallic ligands
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Further Examples of Ligand Classification
Some standard organometallic ligands
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Classifying Some Organometallic Molecules

Looking at the species as a whole
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Classifying Some Organometallic Molecules

Looking at the species as a whole
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Convert Charged Species to Corresponding Neutral Class
For comparison purposes neutral classes are used

[Co(NHg)g** Co(NH3)sCly [CoClgl*
[MLgI* [MXg]*
[ Lt —= X X — L :I

MLg(L*)3] ==———= MLgX; ———— [MX3(X)3]
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Important Definitions in the CBC Me

Table 1. Definitions pertaining to the CBC method.

Symbol

Definition

L

2-electron dener function

1

number of L. functions

X

1-electron donor function

number of X functions

0O-electron dener function

number of Z functions

number of electrons on neutral metal

VN

valence number

VN =x+2z

LBN

ligand bond number

l+x+2z

EN

electron count

m+ 21+ x

number of electrons in “nonbonding”
metal orbitals

n=m-x-2z=m-VN

Z Classificatio
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Example of an MLXZ Plot for Iron

F Electron Number
e 10 11 12 13 14 15 16 17 18
0| m ML, ML, ML, ML,
<1% 20%
1 MLX MLX MLX MLX
<1%
2| wmx, MLX, MLX, ML,X, MLX,
<1% <1% 1%
3 mX, MLX, ML,X, MLX,
<1%
0
g 4| mxz mX, MLX, ML,X, MLX,
g <1% 7%
5 MX,Z mX, MLX, ML,X,
6 | mxz, MX.Z MX, MLX, MLX,
<1%
7 MX,Z, MX;Z MX, MLX,
8 MX,Z, MX,2Z, MX,Z MX, MLX,
<1%
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Summary of Favored MLXZ

Comparison across the transition series

Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10
ScL4X3 (36%) TiL4X4 (49%) VLeX (22%) CrLe (48%) MnLgsX (79%) FelL4X2 (69%) CoLsXs (54%) | NiL2X2 (33%)
ScLsX3 (33%) TiLgX3 (9%) VL4X4 (16%) CrLsXz (24%) MnL4X35 (12%) | Felg (20%) CoL4X (34%) NiLgXz (26%)
ScLsXs3 (10%) TiL2Xe (7%) VLaX3 (14%) CrLaXa (7%) MnLzXs (1%) FelsXa (7%) CoL2Xs (4%) NiLa (16%)
YLsX3 (37%) ZrLgXy4 (55%) NbLgX3 (32%) | MoLgXz (40%) | TcLgX (75%) RuLsX3 (79%) | RhLsX (41%) PdLzXz (81%)
YLeX5 (22%) ZrLsX4 (25%) NDL&X (17%) MoL4aXa (25%) | TcLaX3 (14%) RuL3X4 (9%) RNhL3X3(27%) | PdLaXz (9%)
YLaX5 (18%) ZrLeXa (6%) NbL4Xs (15%) | MoLe (19%) TcLsXs (2%) RuLs (8%) RhL4X (22%) PdLs (4%)
LalsX35 (31%) HfLsX4 (58%) Tal2Xs (23%) | WLsXz (34%) RelLgX (49%) OsL4Xz (83%) IrLgXs (47%) PtLaXa (69%)
LaleXs (22%) HfLeX2 (11%) TaLaXs5 (15%) | WLaX4 (27%) ReLaXs5 (29%) | OsLs (8%) IrLsX (26%) PtL2Xa (11%)
LalsXs (17%) | HfLsXa (8%) TaLsXs (14%) | WL (15%) RelsXs (4%) | OsLsXa(7%) IrL4X (20%) PtLs (9%)

HEm Massachusetts
I I Institute of
Technology



Examination of Trends

The 18 electron rule is more of a guideline
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Trends in Valence and Ligand Bond Number

Groups 3-5
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Trends in Valence and Ligand Bond Number

Groups 6-8
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Trends in Valence and Ligand Bond Number

Groups 9-10
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Visit the Web Page of Ged Parkin
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elements. Click here for mlxz plots
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