ISOMERISM IN COORDINATION COMPOUNDS

It may be recalled that the compounds having the same molecular formula but different structures and hence different physical and chemical properties are called isomers.  The phenomenon of the existence of such compounds is known as isomerism.  Coordination compounds  give rise to a wide variety of isomers due to different types of linkages and different structural arrangements of the constituent atoms. 

Isomerism in coordination compounds may be divided into two main types:

(A) Structural Isomerism    (B) Stereo Isomerism  

These two types are further subdivided as shown below: 
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A. STRUCTURAL ISOMERISM
The different types of structural isomerism are discussed below 
1. Ionization Isomerism. In this type of isomerism the difference arises from the positions of groups within or outside the coordination sphere.  Therefore, these isomers give different ions in solution, hence the name ionisation isomerism. For example, there are two distinct compounds of the formula Co(NH3)5 BrSO4.  One of them is red-violet and gives a precipitate with BaCl2 indicating the sulphate ion is outside the coordination sphere.  The second one is red and does not give precipitate  with BaCl2 but gives a precipitate of AgBr with silver nitrate indicating that now bromide ion is outside the coordination sphere.  The structures of the two compounds and their modes of ionization, therefore, should be as follows: 

Colour of the Compound
    Structure and Mode of Ionisation 

Red-violet 


[CoBr(NH3)5]SO4           [CoBr(NH3)5]2+ + SO4 2- 




Pentaamminebromo 





 Cobalt (III) sulphate 

Red



[Co SO4(NH3)5]Br           [Co SO4 (NH3)5]+ + Br-  
     Pentaamminesulphate  





          Cobalt (III) bromide
Other compounds showing this type of isomerism are : 

(i) [CoCl2(NH3)4]NO2
and 
[Co(Cl)(NO2) (NH3)4]Cl
(ii) [PtCl2(NH3)4]Br2
and 
[PtBr2 (NH3)4]Cl2 

2. Hydrate Isomerism .  This type of isomerism, which is similar to ionisation isomerism discussed above, arises from replacement of a coordinated group by water of hydration.  As an example, we may consider the following three isomers having the molecular formula CrCl3. 6H2O: 

               [Cr(H2O)6]Cl3+  [CrCl(H2O)5]Cl2-H2O and [CrCl2(H2O)4]Cl.2H2O

They differ largely from one another in their physical and chemical properties as illustrated   below. 

   
[Cr(H2O)6]Cl3
                       It does not lose water when treated with conc.H2SO4 


     Violet

   and three chloride ions are precipitated with AgNo3 

      [CrCl(H2O)5]Cl2.H2O            It loses one water molecule when treated with conc.H2SO4
    Green                                and two Cl—ions are precipitated with AgNO3
      [CrCl2(H2O)4]Cl.H2O            It loses one water molecules on treatment with conc. H2SO4

    Green                                and one Cl—ion is precipitated with AgNO3

Another example is furnished by the following two isomers: 


[CoCl(en)2(H2O)]Cl2        and [COCl2 (en)2] Cl.H2O
3. Coordination Isomerism.  This type of isomerism is observed in the case of cokpounds comprising of both cationic and anionic complexes. For example are : 
(i) 

[Co(NH3)6] [Cr(CN)6]

and 
[Cr(NH3)6] [Co(CN)6 ]

(ii) 

[Cu(NH3)4] [PtCl4]

and
[Pt(NH3)4][CuCl4] 

This type of isomerism is also shown by compounds in which the metal ion is the same in both cationic and anionic complexes. For example .

[Cr(NH3)6] [Cr(CN)6 ]

and 
[Cr(CN)2 (NH3)4] [Cr(CN)4 (NH3)2 ]

[PtCl(NH3)4][PtCl4 ]

and
 [PtCl(NH3)3][PtCl3 (NH3] 

4. Linkage Isomerism.  In some ligands, there are two atoms which can be donate their Ione pairs.  For example, in NO2 ion, the nitrogen atom as well as the oxygen atom can donate lone pairs.  This gives rise to isomerism.  If nitrogen donates its lone pair, one particular compound will be formed.  If oxygen does so, a different compound (although having the same molecular formula) is obtained.  For example, two different pentaammionecobalt(III) chlorides, each containing the NO2 group in the complex ion, have been prepared.  These are:  
[Co(NO2)(NH3)5]Cl2

Pentaamminenitrito-Ncobalt(III)chloride

[Co(ONO)(NH3)5]Cl2

Pentaamminenitrito-Ocobalt(III)chloride 

Other ligands which give rise to linkage isomerism are CN (cyano) and NC (isocyano) and SCN (thiocyanato) and NCS (isothiocyanato). 

5. Coordination position Isomerism .  this type of isomerism is exhibited by bridged complexes and results from different placement of ligands, as shown below: 
It will be seen that in (a) and (b) ammonia and chloro ligands are differently placed relative to the two cobalt atoms. 

B. STEREOISOMERISM

As already mentioned, stereoisomerism involves two types of isomerism, viz., geometrical isomerism and optical isomerism.  These are discussed below.
1. Geometrical Isomerism.  Geometrical isomerism is due to ligands occupying different positions around the central ion.  The ligands occupy positions either adjacent to one another or opposite to one another.  These are referred to as cls form and trans form, respectively.  This type of isomerism is, therefore, also referred to as cis-trans isomerism .

A much larger variety of geometrical isomerism is available in coordination compounds then even in organic compounds.  This is due to different coordination numbers, varying from 2 to 9, commonly encountered in these compounds.  Geometrical isomerism is not possible for complexes having coordination numbers 2 and 3 because in these arrangements all the positions are adjacent to one another.  Geometrical isomerism of compounds with coordination numbers 4 and 6 is most important and is discussed below. 

Geometrical isomerism in complexes of coordination number 4.  As discussed earlier, complexes having coordination number 4 adopt either tetrahedral or square planar geometry.  Cis-trans isomerism is not possible in tetrahedral complexes because all the four lignads are adjacent to one another.  However, cis-trans isomerism is very common amongst square planar complexes of the following types. 

a) Complexes of the type Ma2b2 can exist in cis and trans forms as represented in Fig. 24

Amongst the best known examples are the complexes of platinum (II) and palladium (II), such as [PtCl(NH3)2], [Pd(NO2 )2(NH3)2 ]
 and [PtCl2(py)2]. 

The cis and trans isomers of the complex  [PtCl(NH3)2] are represented in fid. 25. 

Cis trans isomers can be readily distinguished from one another by X-ray diffraction technique.

b) In a complex of the type Ma2bc also, there are cis and trans isomers depending upon whether the two ‘a’ groups are adjacent or opposite to each other (Fig.26) 
A common example of this type of complex is [Pt(py)2 NH3Cl]

c) Square planer complexes of the type Mabcd produce three isomers.  The structures of these isomers can be written by fixing the position of one ligand (say ,a ) and placing the other ligands b,c and d trans to it (Fig 27) 

The fourth structure in which a is trans to d is identical to the third.  The example is furnished by the [Pt(NO2)(C5H5N)(NH3)(NH2OH]+.  The three structures of the complex are represented in Fig. 28. 

d) Geometrical isomerism cannot occur in complexes of the type Ma4 Ma3b or Mab3 because all possible spatial arrangements for any of these complexes will be exactly equivalent. 
e) The square planar complexes containing unsymmetrical bidentateligands such as [M (ab)2] also show geometrical isomerism.  For example, the complex [Pt(gly)2] where gly stands for NH2CH2COO- exists in cis and trans forms, as shown in Fig. 29 

Geometrical isomerism in complexes of coordination number 6. The complexes having coordination number 6 adopt octahedral geometry.  The octahedral complexes also exhibit geometrical isomerism.  The complexes of the type Ma6 and Ma5b would not show geometrical isomerism.  The different types of octahedral complexes exhibiting geometrical isomerism are discussed below.

a) Complexes of the type Ma4b2 or Ma2b4 or Ma4bc show geometrical isomerism. For example, the structures of cis (violet) and trans (green) forms of tetraamminedichlorochromium (III) ion are shown in Fig. 30 
A large number of other octahedral complexes of these types where M is Co(III) Cr(III), Rh(III), Pt(IV), have been prepared. 

b) Complexes of the type Ma3b3 exist in only two isomeric forms.  The two isomers of the compound [RhCl3(py)3] are shown in Fig. 31.

It is seen in the cis form, like groups occupy the corners of one of the triangular faces of the octahedron while in the trans form., they do not. 

c) In the case of complexes of the type [Mabcdef], which all the ligands are different, there is a possibility for the existence of 15 different geometrical forms.  However, the only compound of this type that has been prepared so far is  

[PtBrCII(NO2) (C5H5N)(NH3) ]

It has been possible to isolage only three different forms of this compound. 
d) In the case of complexes of the type (M(aa)2b2] or [M(aa)2bc] containing bidentate ligands (aa) show geometrical isomerism.   The other two ligands may be the same (b2) or different (bc).  The common examples are [M(en)2bc] where M is Co (III), Cr(III), Ir(III), Rh(III), Pt(III), Pt(IV) and b and c are ligands such as NO2, I , Br, cl , NH3, py, etc. For example , the complex [Co(en)2Cl2]+ where en is H2NCH2CH2NH2, exists in cis and trans forms, as shown in Fig. 32. 

2. Optical Isomerism.  There are certain substances which can rotate the plane of polarized light.  These  are called optically active substances.  The optically active isomers of a compound which rotate the plane of polarized light equally but in opposite directions are called enantiomers.  The isomer which rotate the plane of polarized light to the right is called dextro rotatory designated asd and the one which rotates the plane of polarized light to the left is called laevo rotatory designated as 1.  The d and I isomers are mirror images of each other just as left hand is mirror image of the right hand.  The essential requirement for a substance to show optical activity is that the substance should not have a plane of symmetry in its structure.  The optical isomers have identical physical and chemical properties.  They differ only in the direction in which they rotate the plane of polarized light. 
We would discuss here optical isomerism in complexes of coordination numbers 4 and 6 only. 

Optical isomerism in complexes with coordination number 4. Tetrahedral complexes with coordination number 4 should exhibit optical isomerism because there is no plane of symmetry in their molecules.  However, this has not been found to be the case.  The first tetrahedral metal complex in which the central ion was surrounded by four different ligands was prepared in 1963 but it has not been possible to resolve it into d and I forms.  However tetrahedral complexes of Be (II), B(III) and Zn(II), containing two symmetrical bidentate ligands, can be resolved into optically active forms.  For example the complex bis(benzoylacetonato)beryllium(II) has been shown to exist in two optical forms as shown in Fig. 33. 

It may be noted that 4 different groups around the central atom are not essentially required for optical activity.  All that is required is that the molecule should be asymmetric so that it can exist in two forms which are mirror image of each other, as shown above.  Evidently, the two structures do not superimpose on each other. 
Square planar complexes are seldom optically active.  This is because all the ligands and the metal atom lie in the same plane.  The molecule has a plane of symmetry (the plane of the molecule is the plane of symmetry)  and this cannot exhibit optical isomerism.  One such compound which has , however been resolved into two forms is as shown. 
As can be seen , it has no plane of symmetry that is why it is optically active. 
Optical isomerism in complexes with coordination number 6.  The most well known cases of optical isomerism occur among octahedral complexes. The common examples are complexes which contain bidentate ligands.  The complexes fall under the following categories. 

a) Complexes of the Type [M (aa)3 where aa= bidentate ligand. The complexes such as [Co(en)3]Cl3 [Cr(ox)3]3- etc., exist as optical isomers because they form non- superoimposable  mirror images, as illustrated in Fig. 34 and 35. 
b) Complexes of the type [M(aa)2 bc].  It has already been shown (Fig.30) that these complexes form geometrical isomers (cis and trans forms).  It is interesting to note that  the trans form does not show optical isomerism. Ie. It cannot be resolved into optical isomers.  The reason is that the molecule in this case is symmetric.  On the other hand the cis isomer is asymmetric and can be resolved into da and I isomers.  For example , the complex ion dichlorobis (ethylenediamine)rhodium (III) [RhCl2 (en)2]+ exists in the form of three isomers (trans optically inactive ; cis 9d) and cis (I).  the resolution of the cis isomer of the complex into d and I forms is shown in Fig. 36.

c) Complexes of the type [M(aa)b2 c2].  The complexes containing only one symmetric bidentate ligand also show optical isomerism.  For example, the complex ion [CoCl2(en)(NH3)2]+ exists in d and I forms as shown in Fig. 37. 

d) Complexes containing hexadentate ligands.  The complexes containing  hexadentate ligands such as ethylenediaminetetraacetato (EDTA) also show optical activity.  Fox example, the complex [Co(EDTA)  exists intwo forms d and I as shown in Fig. 38. 

e) Complexes containing unidentate ligands.  The complexes of the type [Mabcdef] are also expected to show optical isomerism.  A complex of this type can theoretically have 15 geometrical forms, each of which should be optically active.   

PREPARATION OF POTASH ALUM

Theory  

Ordinarily alum means a double salt of potassium sulphate and aluminium sulphate with 24 molecules of water of crystillisation  (K2SO4 Al2 (SO4)3 24 H2O).  Now the term is extended to a series of double salts containing sulphate of a trivalent element like Al, Cr, Fe or Mn and sulphate of a mono valent metal like Na, K, Ag, Rb, Cs or radical NH4.  Alums without aluminium are chrome alum and Ferric Alum. 

Potash alum is widely used in dyeing and tanning industries.  It is also used in the purification of town supply of water. 

Potash alum is manufactured from pyritic shale, bauxite or alunite. 

It is prepared in the laboratory by mixing hot saturated solutions (equimolecular) of K2 SO4 and Al2 (SO4)3 and concentrating the solution till the crystals of alum separate. 

Preparation 

About 5gms of  K2 SO4 is dissolved in 50 ml water and concentrated in 75 ml china dish

About 20 gm of aluminum sulphate crystals is dissolved in 50ml of water and 5 ml of dil  H2SO4 are added to prevent hydrolysis of the salt.  The solution is concentrated in a 75 ml china dish  
25 ml K2 SO4  solution and 25ml Al2 (SO4)3 solution are mixed in a china dish and the mixture is heated on a water bath for about 20 minutes.  A glass rod dipped in the above solution is exposed to air.  When crystals are formed, heating is stopped and china dish is slowly cooled.  Octahedral crystals  of alum separated.  The cold solution is filtered and the crystals on the filter paper are dried 2, 3 times with dry filter paper.  These crystals are finally dried in hot air oven at 100o C (Alum loses water of crystalisation at 200o  C) 

PREPARATION OF CUPRAMMINE SULPHATE

Theory 

When ammonia is gradually added to a Cupric salt solution, pale blue coloured cupric hydroxide precipitate  forms.  When excess of NH4OH is added, the above precipitation dissolved to give an intense blue coloured solution of a complex cupriammine sulphate.
CuSO4 + 2NH4OH [image: image2.png]


Cu (OH)2 + (NH4)2 SO4 

Cu (OH)2 + 4NH3 [image: image4.png]


 [Cu (NH3)4] (OH)2 

This cupric ammine sulphate (which is also known as tetra amine cupric sulphate) is insoluble in alcohol.  So by changing the solvent (from water to alcohol) the complex can be crystallized. 

Preparation

5 grams of  CuSO4  5H2O crystals are dissolved in minimum amount of water in 250 ml beaker.  About  5 ml of dil H2 SO4 is added to prevent the hydrolysis of CuSO4.  Now 1:1 ammonia solution is added from the burette to the above solution drop by drop with continuous stirring till  the blue precipitate formed just dissolves to give a deep blue solution. Few drops of ammonia are added in excess. 
Now ethanol taken into another burette is dropped into the above solution  with constant stirring till the blue colour disappears.  This solution in now transferred into a china dish and heated o a water bath to reduce the volume to 50%.  A glass rod dipped in the concentrated solution is exposed to air to observe the needle like crystals of thecuppric complex.

The above solution is filtered using a Gooch crucible and the crystals are washed with alcohol. 

PREPRATION OF NICKEL DIMETHYL GLYOXIME

Theory

 [image: image6.png]


 dimethyl glyoxime reacts with even 0-01 mg of nickel salt to give a bright red precipitate in neutral or alkaline medium.  This red insoluble complex formed is used for the quantitative estimation of Nickel. 

Preparation
0-4 gm of Pure Nickel ammonium sulphate is taken into a 400 ml beaker.  It is dissolved in minimum amount of water and 5 ml 1:1 HCl is added.  The solution is diluted to 200 ml and heated to about 80o C.  Now 1% (one percent) dimethyl glyoxime solution in rectified spirit is added to the nickel salt (5 ml for every 10 mg of nickel) with stirring and immediately dilute ammonis (1:1) is added drop wise directly into the beaker (not down the sides of the beaker).  Finally a small quantity of ammonia is added in excess and heated on a steam bath for about 30 minutes.  The precipitate is allowed to stand for one hour and filtered through Gooc crucible.  The precipitate is washed with cold water to remove chloride and it is dried at 120o for about 40-45 minutes.  Red needless of nickel dimethyl glyoxime are formed. 
POTASSIUM TRIS (OXALATO) CHROMATED (III)

This complex compound is prepared by mixing solutions of (a) Potassium dichromate Oxalic acid and Potassium oxalate. 

Potassium tris (Oxalato) chromate (III) is a compound having different colours different lights.  Thus it is very difficult to observe the colour of the compound accurately.  The compound appear blue in day light and it looks like dark purple or black in fluorescent tube light. 

This remarkable property of different colours in different lights is stronger for solution of this compound. 

It appears blue in day light and deep red/purple in plain fluorescent tube light. 

Basing on the above principle, the solutions of the three compounds namely Potassium dichromate, Oxalic Acid and Potassium Oxalate (1 N solution each) are mixed till blue colour is observed in day light.  The formation of the compound is verified by observing the solution to be red or dark purple in presence of fluorescent light. 

Finally the solution of this compound is evaporated on a water bath to get blue coloured crystals. 

When Potassium dichromate and Oxalix acid solutions alone are mixed a very similar complex potassium bis (Oxalato) chromate (III) form.  To this solution Potassium Oxalate is added to form potassium tris (Oxalato) chromate (III) compound.  Addition of Potassium Oxalate is continued till the required blue colour in day light is observed.  Finally the solution evaporated on a water bath. 
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