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Stability
Stable system (∆G0<0)

Robust system (t½>1 min) Labile system (t½<1 min)

Reaction rate

Unstable system (∆G0>0)

Thermodynamic and kinetic stability
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Kinetics of substitution
[M(OH2)x]n+ + H2O  [M(OH2)x-1(OH2)]n+ + H2O

Rate= k· [M(OH2)x]n+
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Reaction profile model

Energy Maxima: transition 
states

Minima: ground states 
or intermediates

Energy of activation

Activation 
energy 2

Activation 
energy 1
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Substitution mechanism

Associative:  L5MX  + Y →X[L5M]Y → X + L5MY
rate=k·[M-X] ·[Y]

Dissociative: L5MX + Y → X + [L5M]  + Y → X + L5MY
rate=k·[M-X]

rate determining step fast

No intermediate (activation energy 2 too small 

or absent):

Interchange associative or interchange dissociative

09.03.09 Inorganic Chemistry 9 JJ 5

Some further details

Solvent assistance mechanism in M-X + Y→ M-Y + X
rate=k1·[M-X] + k2·[Y]·[M-X] 

First term: M-X + H2O→M-OH2 + X (slow) 
M-OH2 +Y → M-Y (fast)

Conjugate base mechanism (HA)M-X + Y→(HA)M-Y + X
rate=k·[Y] ·[(HA)M-X] [OH-]

(HA)M-X + OH- (A)M-X (fast equilibration)
(A)M-X + Y  → (A)M-Y + X  (slow)
(A)M-Y + H+ → (HA)M-Y      (fast) 
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Square planar substitution

ML2TX +Y → ML2TY +X; (X and Y trans to T) :

Second order rate constant (same X and Y) 
increase in the order of T:

H2O, OH-,NH3 ,py<Cl-<Br-<SCN-<I-< NO2
-< 

C6H5
-< SC(NH2)2< CH3

- <NO, CN- ,CO

Trans-influence: higher ground state energy

Trans effect: stabilise transition state/intermediate
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End of chapter 26 problem

26.4: kobs=ka+kb·[py]

ka=26.0s-1;  kb=3.2 ·102(Ms)-1

26.5: PtCl42- → cis & tr- PtCl2NH3NO2
-

PtCl42- + P(C2H5)→?

26.7: kobs=k1+k2·[tu]  ; k1 very small

solvent assisted path negligible
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