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	1. Inorganic Reaction
Mechanism
Dr.Vikas .A.Thakur
Department  of Chemistry
Rayat Shikshan Sanstha’s
Karmaveer Bhaurao Patil College, Vashi(Autonomous)
 


	2. Operational Approach to  Classification of
substitution Mechanism
➢The operational approach was first expounded in 1965 in a mono graph by
Langford and Gray.
➢They classify reaction mechanism in relation to type of formation is provided by
various types of kinetic syudies.
➢The mechanism is classified by two properties
➢(i) Stoichiometric character
➢(ii) Intimate character.
❑Stoichiometric Mechanism:
➢The stoichiometric mechanism can be determined from the kinetic behaviour of
one system. They can be classified as
❖(i) Dissociative (D) :
➢An intermediate of lower co-ordination number than the reactant can be identified.
 


	3. ❖(2) Associative(A) :
➢An  intermediate of higher co-ordination number than the reactant can
be identified.
❖(3) Interchange(I) :
➢No detectable intermediate can be found.
❑(ii) Intimate Mechanism”:
➢The intimate mechanism can be determined from a series of
experiments in which nature of the reactants is changed in a
systematic way.
➢It can be classified as
❖(1) Dissociative Activation (d):The reaction rate is more sensitive to
changes in the leaving group.
❖(2) Associative Activation(A): The reaction rate is more sensitive to
changes in the Entering group.
 


	4. ➢The terminology has  largely replaced the SN1, SN2 and so on.
➢These terminologies are compared and further explained.
❖Dissociative (D=SN1((Limiting):
➢In this type, there is definite evidence of an intermediate of reduced coordination
number.
➢The bond between the metal and the leaving group has been completely broken in
the transition state without any bond making to the entering group.
❖Dissociative Interchange(Id = SN1)
➢In this type, there is no definite evidence of an intermediate.
➢In the transition state, there is a large degree of bond breaking to the leaving
group and small amount of bond making to the entering group.
➢The rate is more sensitive to the nature of the leaving group.
 


	5. Associative Interchange(Ia=SN2)
➢In this  type, there is no definite evidence of an intermediate.
➢In the transition state, there is some bond breaking to the leaving group but
much more bond making to the entering group.
➢The rate is more sensitive to the nature of the leaving group.
❖Associative (A =SN2 (Limiting)
➢In this type, there is definite evidence of an intermediate of increased
coordination number.
➢In the transition state, the bond to entering group is largely made while the
bond to the leaving group is essentially unbroken.
➢The general goal of kinetic and mechanistic study of substitution reaction is
to classify the reactin as D, Id, Ia or A.
 


	6. Trans Effect
❖Trans Effect  :
➢Trans effect is defined as the effect of co-ordinated group on the rate of
replacement of a group lying trans to it in a complex forming a square
planar geometry.
➢Kinetic trans effect is assumed to operate because of better bonding
between M and T in the transition state.
➢Calculation involves sigma and Pi effects.
➢Square planar Pt(II) complexes taken as modes for explanations because the
effect is do best documented for these system and mechanism is taken to be
Ia.
 


	7. Electrostatic Polarization Theory
❖(i)  PLX3 Type :
➢In this type of complex as well, the primary positive charge on Pt(II) induces a dipole in
all the four ligands.
➢The two X ligands which are similar and trans to each other balance each other while the
other two ligands viz. L and X(also trans to each other ) do not balance each other.
➢Because L has greater polarizability than X.
➢The net result is that the dipole induced by the positive charge of Pt(II) on the ligands L
induces a corresponding dipole in Pt(II) I,e. Pt(II) and to Ligand L.
➢Both become polarized or distorted.
➢This polarization takes place in such a way that the positive charge on the point of Pt(II)
directly opposite (I,e. trans) to L is reduced.
➢Hence the attraction of X for Pt(II) is also reduced and the bond trans to L is weakened
➢And Consequently lengthened.
 


	8. ➢I,e. Pt-X bond  trans to L is weaker and larger than Pt-X bonds
cis to L.
➢The weakening of Pt-X bonds trans to L facilitates the
replacement of X trans to L by entering ligand.
➢Thus the ligand L which has the greatest polarization also has
the greatest trans-effect.
➢If the trans effect of L increases , the bond-length of Pt-X also
increases.
 



	10. π- bonding theory  of trans-effect
➢Electrostatic polarization theory can well explain the trans effect of
the ligands
➢Lying at the low end of the series like H2O, OH-, NH3 etc.
➢However, this theory could not explain the high trans effect of the π-
bonding ligands like PR3, NO, CO, C2H4,CN-which lie at the high
end of the series.
➢πbonding theory accounts well for high trans effect of such ligands.
➢The effect of a coordinated group on the rate of the replacement of a
group lying trans to it in a metal complex is known as trans effect.
 


	11. ➢According to this  theory, the vacant π or π* orbitals of the π-bonding ligands
➢ accept a pair of electrons from the filled d-orbitals of the metal (dxz or dyz orbital)
➢ to form metal-ligand π-bond I,e.d π- d π or d π-p π bond.
➢In Pt(II) square planner complexesPtX3L (L is a π-bonding ligand), the dyz orbital of
Pt(II) with a pair of electrons
➢Overlaps with the empty Pz orbital of π-bonding lgand L, to form the d π-p π bond
between Pt(II) and L.
➢The formation of π-bond in the complex increases the electron density in the direction of
L and
➢Dimineshes it in the direction of ligand, X trans to L.
➢Thus Pt-X bond trans to L is weakned.
➢The weakening of Pt-X bond trans to L facilitate the approaches of the entering ligand say
Y with its lone pair in the direction of diminished electron density
 



	13. ➢ To form  the five co-odinated transition state.-2.
➢Complex PtLX3Y, which on loosing X yields PtLX2Y.
➢In the formation of PtLX2Y, the ligand X trans to L is replaced by
the incoming group Y.
➢The transition state complex has distorted TBP structure in which ‘two
X’s group which are cis to L between in the initial and final states
form the apexes.
➢The formation of d π-p π bond between Pt(II) and the π-bonding
ligand L in the 5-co-ordinated transition activated complex is shown
below.
 



	15. • Formation of  d π-p π bond in T.B.P. activated complex .
• In this case, the ligand is PR3. Then the formation of d π-d π bond is shown
below.
• A schematic representation of double bond in Pt=PR3is shown in fig.
• A ϭ-bond is formed by the donation of pair of electrons from Phosphorous
to p atom and
• Pi(π ) bond by the overlap of the filled d-orbital of Pt and a vacant d-orbital
of P atom of the ligand PR3 and X are in XY plane.
• The d-orbital is shown either dxz and dyz .
• The removal of charge from Pt(II) by π bonding L enhances the addition of
the entire group by y and
• Favours on more rapid reaction mechanism.
 




	18. Reactions without Metal-Ligand  bond breaking
➢Some reactions of metal complexes that are appear to involve substitution
➢May actually occur without breaking a bond to the metal.
➢The 18 O-labelling studies in the following reaction shows that Co-O bond is
retained.
➢It seems to be a general characteristics of CO2 addition and release from such
inert metal complexes.
➢It appears that W(CO)5(OH) reacts similarly with CO2.
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