
 

C. ISOMERISM 

Introduction: 

The word isomer literally means, “having equal parts”, so compounds are isomers if they have 

the same number and types of parts-in this case atoms, but different properties. Isomers can be 

subdivided into two major categories: 1) Stereoisomers (with the same numbers and types of 

chemical bonds but differing in the spatial arrangement of those bonds), and 2) Structural 

isomers (with the differing numbers and types of chemical bonds). 

 

1) Stereoisomers 

These differ in the spatial arrangements of their bonds. If the spatial arrangements result in 

different geometries, they are defined as geometric isomers. The nomenclature of these 

isomers most often distinguishes between the possible geometric arrangements by appending 

a descriptive prefix such as cis-, trans-, fac- or mer- before the name of the compound. The 

second type of stereoisomer, optical isomers or enantiomers, occurs in molecules that have 

the property of chirality (a word comes from the Greek cheir, meaning “the hand”). Chirality 

can be explained that hands, as we all know, come in two forms, left-handed and right-

handed, that are non-superimposable mirror images of each other.  

 

2) Structural isomers 

These are defined as the molecules with the same molecular formula having atoms bonded 

together in different orders, as opposed to stereoisomerism. Many different names have been 

given to a variety of these isomers but only three different types are included in this section: 

coordination, ionization, and linkage isomers.  

 

Coordination isomers are those characterized by an interchange of ligands among 

coordination spheres. One set of example compounds is       [Pt
II
(NH3)4][Pt

IV
Cl6]  and 

[Pt(NH3)3Cl][Pt(NH3)Cl5]. 

 

Ionization isomers are those characterized by an interchange of groups between the 

coordination sphere and the counter-ions. For example, given the [Co(en)2(NO2)SCN]Cl, the 

thiocyanate counter-ion can be exchanged with either a chloride or nitrite ligand in the 

coordination sphere to produce and  the [CoCl(en)2SCN]NO2 and the [CoCl(en)2(NO2)]SCN, 



respectively. Very similar to ionization isomerism is hydrate isomerism, in which arises when 

one of the ligands is water. 

 

Linkage isomers are those that result when ambidentate ligand switches its coordinating 

atom. The first identified instance of linkage isomerism involved the nitrite ion, NO2
-
. The 

Lewis structure of this anion involves the resonance structures, including -electron density 

spread out amog the three atoms of the anion. Therefore, The ligand can make a bond either 

via nitrogen atom (in this case the ligand is called nitro), or via oxygen (in this case the ligand 

is called nitrito). Another example can be the comlexes with thiocyanate (SCN
-
) and/or 

isothiocyanate (NCS
-
). Hence, if the ligand makes a bond by using sulfur atom, the ligand will 

be thiocyanate or if it makes a bond by using nitrogen atom, then it will be called 

isothiocyanate ligand, and the chemical nature and nomenclature of complex will be different. 

 

 

Experiment 3: Geometrical Isomerism 

Synthesis of cis-potassium diaquabis(oxalato)chromate(III) dihydrate:  

cis-K[Cr(C2O4)2(H2O)2]·2H2O 

 

Introduction: 

Cis-potassium diaquabis(oxalato)chromate(III) dihydrate K[Cr(C2O4)2(H2O)2]·2H2O, is 

prepared from oxalic and potassium dichromate. The reaction equation is:  

K2Cr2O7 + H2C2O4·xH2O → K[Cr(C2O4)2(H2O)2]·2H2O + 6CO2 + (7x-1)H2O 

The reaction could be carried out with the addition of very small amount of water along 

with the reactants, however this step is unnecessary since the oxalic acid we use in the lab 

already has xH2O (H2C2O4·xH2O) in its formula. Also using the reactants in solid phase 

actually eliminates the trans- form. Otherwise if the reaction is carried out in aqueous media, 

cis- and trans- form would be in equilibrium. As the reaction does not proceed in the liquid 

phase, there is no equilibrium between the cis- and trans- forms. 

The obtained salt is dichroic, and in the solid state has a black color in diffuse sunlight 

but has a deep purple color under artificial light. In solution, the salt is purple to red 

depending on the light that is transmitted. 

 

 

 



Procedure 

1) Place 2 grams of potassiumdichromate (K2Cr2O7) and 6 grams of oxalic acid (H2C2O4) in 

an evaporating dish and stir the mixture. 

2) Start heating the mixture. 

3) The reaction formation can be observed by the evolution of a gas (CO2). 

4) The reaction product is a black colored viscous liquid. 

5) Add 10 ml of ethanol to this product and stir until the reaction product solidifies. If the 

solid formation is slow, decant the liquid part and repeat the procedure of stirring with other 

portion of alcohol until a crystalline product is obtained. 

6) Filter the product using suction filtration and dry the product under the vacuum of the 

suction filtration. 

7) Weigh the sample and find the percent yield. 

8) To check the purity of the cis- isomer, take one or two crystals on top of a filter paper and 

add couple drops of dilute aqueous ammonia. The cis- isomer forms a dark green colored 

solution whereas trans- isomer forms a light brown colored solid. 

 


