
Case Study Based Questions 

Case Study 1 
Co-ordination compounds show structural isomerism and it is different from the nature 
of the isomerism which we generally come across in organic compounds. The structural 
isomers may be classified as ionisation, hydrate. co-ordination and linkage isomers 
depending upon their nature. The electrical conductivity of these isomers depends upon 
the number of ions which they furnish upon dissociation in aqueous solution. The 
isomers belonging to a particular type can also be distinguished from each other with the 
help of certain tests. In addition to the structural isomerism, the co-ordination 
compounds are also involved in geometrical and optical isomerism. Whereas optical 
isomerism is normally shown by octahedral complexes, both octahedral and square 
planer complexes can exhibit geometrical isomerism. 

Read the given passage carefully and give the answer of the following questions: 

Q1. An aqueous solution of CoCl2 on addition of excess of concentrated HCL turns blue 
due to the formation of: 
a. [Co(H₂O)4Cl₂) 
b. [Co(H2O)4Cl4)2- 
c. (CoCl4)2- 
d. [Co(H2O)2Cl₂) 

Q2. Which one is the most likely structure of CrCl 6 H2O if 1/3 of the total chlorine in the 
compounds is precipitated by adding AgNO3 solution? 
a. CrCl3 6H₂O 
b. [Cr(H2O)3 Cl3] (H2O)3 
c. [Cr(H2O)4 CL2H2O 
d. (Cr(H2O)5Cl)Cl₂H₂O 

Q3. One mole of the complex compound Co(NH)5 Cl3 gives 3 mole of ions on dissolution 
in water. One mole of the same complex reacts with two moles of AgNO3 to yield two 
moles of AgCl(s). The structure of the complex is: 
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Q4. Which of the following will not show geometrical isomerism? 

 

Answers 

1. (c) (CoCl4)2- 
2. (c) (Cr(H2O)4 Cl₂JCL-2H₂O 
3. (d) [Co(NH3)5CICL₂ 
4. (c) [Co(NH3)5 NO₂]Cl₂ 

Case Study 2 
Metal complexes show different colours due to d-d transitions. The complex absorbs 
light of specific wavelength to promote the electron from t2 to e level. The colour of the 
complex is due to the transmitted light, which is complementary of the colour absorbed. 
The wave number of light absorbed by different complexes of Cr ion are given below: 

 

Read the given passage carefully and give the answer of the following questions: (CBSE 
SQP 2023-24) 

Q1. Out of the ligands 'A', 'B', 'C' and 'D', which ligand causes maximum crystal field 
splitting? Why? 

OR 

Which of the two, 'A', or 'D' will be a weak field ligand? Why? 
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Q2. Which of the complexes will be violet in colour? [CrA] or [CrB3+ and why? (Given: If 
560-570 nm of light is absorbed, the colour of the complex observed is violet.) 

Q3. If the ligands attached to Cr3+ ion in the complexes given in the table above are 
water, cyanide ion, chloride ion and ammonia (not in this order) Identify the ligand, write 
the formula and IUPAC name of the following: 
(i) [CrA]³+  
(ii) [CrC₂]3+ 

Answers 

1. 'D' causes maximum crystal field splitting. Energy is directly proportional to the wave 
number. Maximum energy of light is required for an electron to jump from t₂g to eg in 
case of (CrD6]³- 

OR 

'A' will be a weak field ligand. The splitting caused is least in this case as the energy 
required for electron to jump from t₂g to eg is minimum. 
2. [CrB3+ will be violet in colour because wavelength of light absorbed is 1/17830-560nm 
for the complex while 1/13640733nm for (CrA6)3- complex. 
3. (i) (CrCl6]3+Hexachloridochromate (III) ion 
(ii) (Cr(NH3)6]3+, Hexaamminechromium (III) ion 
A=CL, BH₂O, C = NH3, D = CN 

Case Study 3 
In coordination compounds, metals show two types of linkages, primary and secondary. 
Primary valencies are ionisable and are satisfied by negatively charged ions. Secondary 
valencies are non-ionisable and are satisfied by neutral or negative ions having lone pair 
of electrons. Primary valencies are non-directional while secondary valencies decide the 
shape of the complexes. 

Read the given passage carefully and give the answer of the following questions: (CBSE 
2023) 

Q1. If PtCl₂. 2NH, does not react with AgNO3, what will be its formula? 

Q2. What is the secondary valency of [Co(en)3]+? 
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Q3. (i) Write the formula of Iron (III)  
Hexacyanidoferrate (II). 
(ii) Write the IUPAC name of [Co(NH3)5Cl] Cl₂. 

OR 

Write the hybridisation and magnetic 
behaviour of [Ni(CN)4]²- 
[Atomic number: Ni = 28] 

Answers 

1. If PtCl2.2NH, does not react with AgNO3, then the formula of the compound would be 
[Pt (NH3)2Cl2). 

2. The secondary valency of [Co(en)3]3+ is 6 as there are 4 NH3 molecules and 2C- ions 
linked to the cobalt atom. 

3. (1) The formula is Fe4 [Fe(CN)6]3 
(ii) The IUPAC name of [Co(NH3)5CI) Cl₂ is pentaammine chlorido cobalt (III) chloride. 

OR 

In the presence of strong field CN ions, all the electrons are paired up. The empty 3d, 3s 
and two 4p orbitals undergo dsp2 hybridisation to make bonds with CN-ligands in square 
planar geometry. Hence, [Ni(CN4)2-is diamagnetic. Coordination compounds are widely 
present in the minerals, plant and animal worlds and are known to play many important 
functions in the area of analytical chemistry, metallurgy, biological systems and 
medicine. Alfred Werner's theory postulated the use of two types of linkages (primary 
and secondary), by a metal atom/ ion in a coordination compound. He predicted 
the geometrical shapes of a large number of coordination entities using the property of 
isomerism. The Valence Bond Theory (VBT) explains the formation, magnetic behaviour 
and geometrical shapes of coordination compounds. It, however, fails to describe the 
optical properties of these compounds. The Crystal Field Theory (CFT) explains the effect 
of different crystal fields (provided by the ligands taken as point charges) on the 
degeneracy of d-orbital energies of the central metal atom/ion. 
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Read the given passage carefully and give the answer of the following questions: (CBSE 
2023) 

Q1. When a coordination compound NiCl2.6H₂O is mixed with AgNO, solution, 2 moles of 
AgCl are precipitated per mole of the compound. Write the structural formula of the 
complex and secondary valency for Nickel ion. 

Q 2. Write the IUPAC name of the ionisation isomer of [Co(NH3),(SO4)] CL. 

Q3. Using valence bond theory, predict the geometry and magnetic nature of: 
(i) [Ni(CO)4] 
(ii) [Fe(CN)6]3- 
[Atomic number: Ni = 28, Fe = 26] 

OR 

Give reasons: 
(i) Low spin tetrahedral complexes are not formed. 
(ii) [Co(NH3)3+ is an inner orbital complex where as 
[Ni(NH3)2+ is an outer orbital complex. 
[Atomic number: Co = 27, Ni = 28] 

Answers 

1. The structural formula of the complex is [Ni(H2O)6]Cl₂ and the secondary valency for 
nickel ion is 6 in it. 

2. The IUPAC name of the ionisation isomer of [Co(NH3)5 (504)]CL is pentaammine 
sulphato cobalt 
(III) chloride. 

3. (i) In [Ni(CO)4], oxidation state of Ni is zero. 
28Ni = [Ar] 3d8 452 
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Thus, [Fe(CN)6]3- is strongly paramagnetic in nature with sp³d2 hybridisation. 

OR 

(i) For tetrahedral complexes, the crystal field stabilisation energy is lower than pairing 
energy. so they are rarely formed in low spin state. 
(ii) As inner d-electrons are involved in the complex 
[Co(NH3)6]3+, it is an inner orbital complex. 
But outer (4d) electrons are involved in the 
hybridisation of the complex [Ni(NH3)6]3+ so, it is 
an outer orbital complex. 
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