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Substitution in Octahedral Complexes

¶ In most substitutions on octahedral complexes the interchange mechanism plays 

a central role.

An important point is to distinguish

- interchange mechanisms with an associative rate-determining step Ia or 

- interchange mechanisms with a dissociative rate-determining step Id
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¶ At low concentrations of Y, the rate of reaction depends on Y and ML6, 

suggesting an associative mechanism Ia

¶ At high concentrations of Y, the rate of substitution is independent of Y, 

pointing to a dissociative mechanism Id

Experimental observations
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ü The Eigen-Wilkins mechanism applies to ligand substitution in an octahedral 

complex.

First an encounter complex is formed between substrate and entering ligand 

in a pre-equilibrium step.

In the rate-determining step, the leaving ligand is lost.

Substitution in Octahedral Complexes

The Eigen-Wilkins Mechanism

KE =

[{ML6, Y}]

[ML6] [Y]
ML6  +  Y {ML6,Y}

r =

k KE[C]tot [Y]

1 + KE[Y]

{ML6,Y} r = k [{ML6,Y}]products

[C]tot = [{ML6,Y}] + [ML6]

[P] « [{ML6,Y}], [ML6] 

Manfred Eigen

* 1927

Nobel prize 1967
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The Eigen-Wilkins Mechanism

r =
k KE[Ni2+]tot [NH3]

1 + KE[NH3]

Example:

[Ni(OH2)6]
2+  +  NH3 {[Ni(OH2)6]

2+, NH3}

{[Ni(OH2)6]
2+, NH3} [Ni(OH2)5(NH3)]

2+ +  H2O

ü At very high concentrations of Y  (e.g. Y is the solvent) 

=> KE[Y] » 1  ;  kobs = k     r = k [C]tot

=> reactions with the solvent can be directly compared to reactions with 

other ligands

ü At very low concentrations of Y  => KE[Y] « 1 r = kobs[C]tot[Y] ;    kobs = kKE
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Activation of Octahedral Complexes

Leaving Group Effects

[CoX(NH3)5]
2+  +  H2O [Co(NH3)5(OH2)]

3+  +  X-

¶ In Id reactions a large effect of the leaving group X is expected. 

¶ A linear relation is found between the logarithms of the rate constants and the 

equilibrium constants.

¶ Trend correlates with M-X bond strength

ln k = ln K + c ; DGÿ= p DrG
Å+ c ;   p º1

Linear free energy relation DGÿ -́ log k

DG -́ log K
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Tolmanôs Cone Angle

C. A. Tolman, Chem. Rev.1977, 77, 313-348.
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Activation of Octahedral Complexes

Steric Effects

¶ Steric crowding favors dissociative activation because in this way the 

formation of the activated complex can relief strain.

¯
2.28 A Q1/2

Q= SQi / 2

3

i=1

2/3

metal atom

P

R3

R1 R2

Chadwick A. Tolman


