














• If the reaction proceeds through a square pyramidal intermediate, retention of configuration 
will be observed. 

• Proceeding through a trigonal bipyramid, has 75% chance of leading to stereochemical
change. 

General Points about Stereochemistry 
• cis isomer generally react faster than trans isomers 
• Ligands A, that lead to stereochemical change in the trans series are those with p𝞹 orbitals 





Hydrolysis under Acid and Alkaline Conditions 
The hydrolysis reaction: 

[ML5X]n+ + H2O →[ML5(OH2)]m+ + Xa-

This is often called aquation. 

The rate law for such a reaction is commonly of the form: 

Rate = kA [ML5X] + kB[ML5X][-OH]

Water as the entering ligand (55.5M) does not appear in the rate law.

This reaction has been studied extensively for Co3+ complexes. 

Base Hydrolysis  or acid Hydrolysis 





• A reaction pathway by which many metal amine complexes undergo substitution. 

Typically, the reaction requires reaction of a polyamino metal halide with aqueous base 

to give the corresponding polyamine metal hydroxide.

• The base catalysed reactions are generally much more rapid than anation or 

hydrolyses in acid solution. 

Base Hydrolysis –Conjugate Base 



Conjugate Base Mechanism: 
Typically, the reaction requires reaction of a polyamino metal halide with aqueous base 
to give the corresponding polyamine metal hydroxide. Second-order rate law. 







• The agreed mechanism, involves the removal of a proton from the amine ligand. 
This step is generally very fast, (105 faster), and represents rapid pre-equilibrium 
to the rate determining loss of leaving group. 

• As mentioned earlier the rates of substitution of octahedral complexes are not 

sensitive to the nature of the entering group-with one exception. In basic media 

Co(III) complexes having ligands of the type NH3, RNH2, R2NH are sensitive to the 

nature of the entering group. 



• The second order rate law for base hydrolysis of complexes with ionisable
protons on the ligands does not arise from direct attack of –OH on the complex in 
an A mechanism. The reaction is generally accepted to occur via the conjugate 
base of the complex like so: 



If, however, K is quite small (it is in the range 0.01-0.2 for Pt(IV) complexes) so that K[OH] 
<< 1,, the rate law would reduce to that experimental observed. 
•The rate of H/D exchange for the coordinated ammonia is 105 times faster than the 
hydrolysis reaction, consistent with the rapid pre-equilibrium between the complex and its 
conjugate base. 
•The rate in the presence of the HOO- ion, which is a weaker base but stronger 
nucleophile than –OH, is slower. 
•The acidity of coordinated ammonia is low, so the equilibrium concentration of the 
conjugate base is low, and the actual rate acceleration by the amide group is > 106. 
•The proposed trigonal bipyramidal structure of the conjugate could result in 
stereochemical change. 
•Another factor which should be considered here, as well as those above for Water 
Exchange, is vacancy in the non-bonding orbitals. This is because the amide created in 
the base hydrolysis above is now a very strong π-donor, and the electrons it donates must 
enter low energy non- bonding orbitals in order to increase the rate. In fact, if the t2g is full, 
the rate will decrease due to the destabilising influence. This influence is worse when large 
splittings are involved, e.g. from strong field ligands or 4d/5d orbitals. 



Experimental observations supporting Dissociative mechanism 

Ø Base-catalyzed exchange of hydrogen from the amine groups takes place 
under the same conditions as these reactions. 

Ø The isotope ratio (18O/16O) in the product in 18O-enriched water is the same 
as that in the water regardless of the leaving group. [If associative (incoming 
water has big influence), the isotope ratio (18O/16O) in the product would be 
higher. 

Ø RNH2 (R = alkyl) complexes react faster than NH3 complexes. (steric crowding) 
Ø A plot of ln(kOH) versus ln(KOH) is linear regardless of the leaving group. 

(LFER)
Ø When substituted amines with no protons are used, the reaction is very slow or 

nonexistent. 





trans forms show a tendency to isomerize in the order
A = NO2

-﹤ Cl-﹤ NCS-﹤ OH-. 





Ø Substitution of Co(III) complexes of the type [CoAX(en)2]+ results in trans to 

cis isomerization, but only when the reaction is catalysed by a base. 

Ø In a base hydrolysis reaction, one of the NH2R groups of the en ligands loses 

a proton and becomes its conjugate base, :NHR-. 

Ø The :NHR- ligand group is a strong π-donor ligand and favours a trigonal 

bipyramid. 

Ø If the direction of attack of the incoming ligands were random, we would 

expect 33 per cent trans and 67 per cent cis product. 

A brief illustration:














