Werner's coordination theory

Postulates -

1. In coordination compounds, metals exhibit two types of valencies

· primary valency

· secondary valency
2. The pri. valency is ionisable and non-directional whereas sec. valency ie non-ionisable and directional. ( In modern terminology pri. valency corresponds to oxidation state and sec. valency corresponds to coordination number.

3. Metal tends to satisfy both its valencies. The pri. valency is satisfied by negative ions whereas the sec. valency is satisfied either by negative ions or by neutral molecules. 

4. Sometimes negative ions may play a dual role of satisfying pri. as well as sec. valencies.

5. The sec. valencies are directional and have fixed orientation and they define the geometry of the complex.

 The following observations were made when ammonia reacted with cobalt chloride.

    The complex                       colour

1. CoCl3.6NH3                               orange

2. CoCl3.5NH3                               purple

3. CoCl3.4NH3                               green

4. CoCl3.3NH3                               violet

Structures of cobalt ammine complexes determined by cryoscopic and conductance measurements

	Molecular formula of complex


	No. of particles (ionic or molecular)
	Molar conductance
	No. of electrical charges
	Structure formula



	CoCl3.6NH3                               
	4
	300
	6
	[Co(NH3)6]Cl3                                      

	CoCl3.5NH3                                
	3
	262
	4
	[Co(NH3)5Cl]Cl2

	CoCl3.5NH3                               
	2
	102
	2
	[Co(NH3)4Cl2]Cl

	CoCl3.3NH3                               
	1
	0
	0
	[Co(NH3)3Cl3]

	
	
	
	
	


On ionization the following ions were obtained-

	The complex


	cation (the complex ion)
	anion (the simple ion)
	no. of Cl- ions precipitated

	[Co(NH3)6]Cl3                                      
	[Co(NH3)6]3+                                  
	3Cl-
	3

	[Co(NH3)5Cl]Cl2
	[Co(NH3)5Cl]2+
	2Cl-
	2

	[Co(NH3)4Cl2]Cl
	[Co(NH3)4Cl2]+
	Cl-
	1

	[Co(NH3)3Cl3]
	[Co(NH3)3Cl3] 
	-
	0


The observations and structures of various cobalt complexes can be explained on the basis of Werner's theory.

1. [Co(NH3)6]Cl3 -

The secondary valence of cobalt is 6 and all the sec. valencies are satisfied by ammonia molecules. Three chloride ions satisfy the pri. valency of 3. These chloride ions get precipitated on addition of silver nitrate. The total no. of ions is 4 i.e. 3 Cl- and 1 complex ion. The pri. valencies are drawn with dotted lines whereas sec. valencies are drawn with thick lines.
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2. [Co(NH3)5Cl]Cl2 - 

In this complex the secondary valence  remains 6 but 5 sec. valencies are satisfied by ammonia molecule and the 6th sec. valency is satisfied by chloride ion, one chloride has the dual role of satisfying both the valencies. 2 chloride ions are precipitated by adding silver nitrate.
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3. [Co(NH3)4Cl2]Cl - 

 In this complex the secondary valence  is 6 but 4 sec. valencies are satisfied by ammonia molecule and the 5th and 6th sec. valencies are satisfied by chloride ions, two chlorides have the dual role of satisfying both the valencies. 1 chloride ion is precipitated by adding silver nitrate.
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4. [Co(NH3)3Cl3]  -

  In this complex the coordination no. remains 6 but 3 sec. valencies are satisfied by ammonia molecule and the remaining sec. valencies are satisfied by chloride ions, three chlorides have the dual role of satisfying both the valencies. The complex is non-ionisable hence no ppt is obtained on addition of silver nitrate.
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Werner's theory and isomerism -

Werner was able to prdict the geometry of a complesx on the basis of no. of isomers synthesized without having the access to modern X-ray diffraction tools etc. For   [Co(NH3)4Cl2]Cl  which has a coordination no. 6 , three geometries are possible

1.Planar hexagon, which would give three isomers

2.Trigonal prism would also give three isomers

3.Octahedra, which would give two isomers

Since only two isomers could be prepared, he concluded that the complex must have octahedral structure.

Sidwick's theory of effective atomic number

In complexes, metal atom accept lone pair of electrons donated by the ligand for bond formation.

It proposes that a metal ion will continue to accept lone pair of electrons till its effective atomic number becomes equal to the atomic no. of the next higher noble gas.

( Effective atomic number - it is the total no. of electrons present on a metal atom i.e. no. of electrons present on the metal ion + those gained from the ligands. Each monodentate ligand gives one lone pair of electron.)                     

Calculation of EAN -

[Co(NH3)6]Cl3 -

atomic no. of cobalt = 27

oxidation state of Co = +3

no. of electrons on Co3+ ion = 27 - 3 = 24

Each ammonia ligand gives one pair of electron,

no. of electrons given by 6 ammonia molecules = 6 * 2 = 12
Total no. of electrons present on Co3+ now = 24 + 12 = 36

EAN of Co3+ = 36

36 is atomic no. of Krypton.

Examples of EAN rule

	Metal atom
	at.

no
	complex
	O.S. of the metal ion
	e- lost in ion formation
	e- given by ligands
	EAN / noble gas

	Fe
	26
	K4[Fe(CN6)]
	2+
	2
	12
	26-2+12=36 Kr

	Co
	27
	[Co(NH3)6]3+
	3+
	3
	12
	27-3+12=36 Kr

	Ni
	28
	[Ni(CO)4]
	0
	0
	8
	28-0+8=36 Kr

	Cu
	29
	[Cu(NH3)4]+
	1+
	1
	8
	29-1+8=36 Kr

	Zn
	30
	[Zn(H2O)4]2+
	2+
	2
	8
	30-2+8=36 Kr

	Pd
	46
	[Pd(NH3)6]4+
	4+
	4
	12
	46-4+12=54 Xe

	Pt
	78
	[Pt(Cl)6]2-
	4+
	4
	12
	78-4+12=86 Rn

	Cr
	24
	[Cr(NH3)6]3+
	3+
	3
	12
	24-3+12=35

	Fe
	26
	K3[Fe(CN6)]
	3+
	3
	12
	26-3+12=35

	Ni
	28
	[Ni(NH3)6]2+
	2+
	2
	12
	28-2+12=38


Though EAN rule is applicable to a number of cases, there are several complexes which do not follow this rule.

Deffects in Sidwick's theory -

1. Many well known complexes do not follow EAN rule.

2. The theory does not predict magnetic behaviour of the complexes.

3. The theory does not comment on the geometries of the complexes.

4. The theory does not suggest the type of metal orbitals may be involed in bonding.
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