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1. Answer  question  1 (Compulsory) in Section A and ANY other 2 questions
in Section B.
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IMPORTANT DATA
The following data is provided at the end of the question paper:

 d2 Tunabe-Sugano Diagram
 List of chemical elements

Section A This section contains ONE COMPULSORY question

Question one
a) Briefly explain each of the following terms: (8 marks)

i. Transition elements
ii. Lanthanide contraction

iii. Coordation complex
iv. Coordination number
v. Effective atomic number

vi. Splitting the crystal field
vii. Energy of stabilization of the crystal field (ESCF)

viii. Spectrochemical series of ligands
b) Briefly discuss the factors the influence the amount of crystal field splitting according to

the crystal field theory. (7 marks)
c) Briefly outline classification of transition elements. (2 marks)
d) The instability constant of [Ag(CN)2]- ion is 1021-.calculate the concentration of silver

ions in 0.05 M solution of K[Ag(CN)2] also containing 0.01 M potassium cyanide, KCN.
(7 marks)

e) Draw the structure and give the name the complex: [ ( ) ( ) ] . (2 mark)
f) Giving specific examples, briefly explain the importance of complexes in biological

systems (4 marks)

Question two
a) Briefly discuss the importance of coordination complexes in biological systems

(5 marks)
b) Show that the energy difference or field splitting (∆0) from hypothetical complex in a

perfect spherical ligand field to eg orbitals (i.e. Eeg) is +0.6∆0 and to t2g (i.e. Et2g) is
0.4∆0. (5 marks)

c) Draw the structure of the complex: potassium tetracyanonickelate(0) (2 mark)



d) Outline important selection rules in coupling electronic states according to the
Russell-Saunders Coupling scheme. (5 marks)

e) One of the earliest attempts to explain coordination complexes was made by
Blomstrand and Ergen in 1969. What was the main drawback of their explanation on
metal complexes? (3 marks)

Question three
a) The Figure below is a sketch of an energy level diagram representing sigma bonding

between the metal and ligand atomic orbitals (ao’s) to form coordination complex
molecular orbitals (MO’s) according to the molecular orbital theory (MOT). Study it and
answer the questions that follow.

i. Which of the letters x and y most likely represent the ligand. Explain your
answer. (2 marks)

ii. Briefly explain the significance of the values represented by letters a, b, c
and d. Explain how each of the values affect the bonds. (4 marks)

iii. The value of the quantity c is always larger than that of a. By use of an
appropriate diagram, explain. (3 marks)

b) For the complex ion: [CoF6
3-],

i. Write the electronic configurations according to each of the following
theories: (3 marks)

I. VBT
II. CFT

III. MOT



b)
ii. Determine the (2 marks)

I. Oxidation number of the complexing agent
II. State the coordination number of cobalt

c) Briefly discuss the factors that influence occurrence of variable oxidation states among
the d-block elements. (6 marks)

Question four
a) Transition metals have high tendency to form coordination complexes. Briefly explain.

(4 marks)
b) Briefly outline the criteria used in classification of coordination complexes. (6 marks)

a) A solution of the complex   32 )( OHTi , which is a d1 complex, is colored red-violet

because it absorbs yellow rays and allows blue and red rays. Sketch the absorption
spectrum of the complex. (3 marks).

b) Give appropriate orbital hybridization associated with each of the following complexes
according to the valency bond theory. (3 marks)

i. Octahedral complexes
ii. Tetrahedral complexes

iii. Square planar complexes
c) Calculate the energy of stabilization of the crystal field (ESCF) for a d5 metal ion

configuration for: (4 marks)
i. weak field

ii. strong field ligands

Question five
a) Define the term "dentation" of a ligand (2 marks)
b) By giving appropriate examples where necessary, briefly discuss different types of

isomerism in co-ordination complexes
(7 marks)

c) Briefly outline the main short comings of the valency bond theory (VBT) in explaining
coordination complexes. (4 marks)

d) A solution of CoCl3.6NH3 added to a solution of AgNO3 shows that all the chloride ions
are precipitated. A similar experiment with CoCl3.5NH3, however, shows that only two-
thirds of the chlorides precipitate. Explain. (3 marks)

e) The complex ion [Ni(NH3)4]
2+, forms on mixing aqueous solutions of ammonia and a

nickel salt. If a solution contains 1.6 x 10-4 % of the nickel ions in the form of Ni2+ when
the concentration of free NH3 (aq) is 0.5M. What is the stability constant of the complex
[Ni(NH3)4]

2+? (4 marks)
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