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 d2 Tunabe-Sugano Diagram
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Section A: This section contains ONE COMPULSORY question

Question 1 (Compulsory -30 marks)
a) Briefly explain each of the following terms: (7 marks)

i. Coordination complex
ii. A ligand

iii. Coordination number
iv. Effective atomic number
v. Energy of stabilization by the crystal field

vi. Spectrochemical series of ligands
vii. An electronic state

b) Name each of the following complexes: (4marks)
i. Ca[Fe(CN)6]

ii. [Fe(H2O)6]SO4

iii. [Ni(DMG)2]
iv. K2[Pt(OH)5Cl]

c) Write the formula and the structure of each of the following complexes: (4 marks)
i. Octaammine-µ-amino-µ-nitrodicobalt(III) nitrate

ii. Ammonium hexathiocyanato-N-chromate(III)
d) Sketch the shapes of each of the following orbitals: (3 marks)

i. dx2-y2

ii. dxy
iii. dz2

e) 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. (4 marks)
f) Briefly discuss the importance of complexes in biological systems (5 marks)
g) 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.
(3 marks)

Section B: This section contains FOUR questions. Answer ONLY TWO
questions.

Question 2 (Optional, 20 marks)
a) Explain the main short-comings of valency bond theory in explaining formation of

coordination compounds. (7 marks)
b) Briefly discuss different types of isomerism depicted by coordination compounds.

(13 marks)

Question 3 (Optional, 20 marks)
a. There was a tendency to divide complexes into Werner-type complexes and the metal organics.

i. Explain what is meant by each of the following terms:
I. Werner-Type complexes (1 mark)

II. Metalloorganic complexes (1 mark)
ii. Outline methods used in classification of complexes. (10 marks)

b. Briefly discuss the factors that influence the formation of high spin complexes according
to the crystal field theory, CFT. (8 marks)
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Question 4 (Optional, 20 marks)
a) The electronic spectrum of [V(H2O)6]3+, which has a d2 configuration, shows two absorption

peaks at 17800 cm-1 and at 25700 cm-1. Using the d2 Tanabe-Sugano diagram determine the
values of B and the splitting, ∆0, and predict the position of the third absorption peak of the
complex. (10 marks)

b) With respect to the hexaammoniate complexes of CoCl3, discuss the main features of
Bomstrands-Ergens theory of coordination complexes. (10 marks)

Question 5 (Optional, 20 marks)
a) Briefly explain the high tendency of transition metals to form coordination complexes.

(4 marks)
b) Silver (I) nitrate precipitates the entire chloride as silver (I) chloride from a solution of a

complex PtCl4.6NH3 but only a quarter of the chlorides are precipitated from a solution of
the complex PtCl4.5NH3. (4 marks)

i. Write the coordination formula of these salts and determine the coordination
number of Pt in each of them. (4 marks)

ii. Determine the oxidation state of the complexing agent in both complexes.
(4 marks)

c) Outline important selection rules in coupling electronic states according to the Russell-
Saunders Coupling scheme. (4 marks)
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d2 TUNABE-SUGANO DIAGRAM
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LIST OF CHEMICAL ELEMENTS


