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Question One (14 Marks)

a. State and explain THREE factors that favour the formation of complexes
with unusual coordination numbers (6 Marks)
b.(i) Activation volume (4V*) is a complementary parameter to AH* and 4S™

in the assignment of the mechanism of a substitution reaction. Show that

Ink; = In(k_1)o — 2P equation (i)

Where, AV* the activation volume for the forward reaction, (k_;)o is the
compressibility coefficient of the medium, k; is the rate constant, R is gas

constant, T is reaction temperature and P is pressure (5 marks)

b.(ii) Using equation (i) above explain how you would obtain activation volume

and associated parameter for a reaction (3 Marks)

Question Two (16 Marks)

a. In an outer-sphere reaction, electron transfer occurs through tunnelling.
Using Marcus-Hush equation determine whether the reaction below is
consistent with outer-sphere mechanism (4 Marks)

[RuNH3)6]** + [Co(Phen);** ———— I [Ru(NH,)¢** + [Co(Phen);]**

Given that, the observed rate constant is 1.5x104 dm3mol-ls-! and the
equilibrium constant is 2.6x105. The rate constants for the self-exchange
reactions [Ru(NHas)e]2*/[Ru(NHa)e]3+ and [Co(Phen)s]2*/[Co(Phen)s]3* are 8.2x102

and 40 dm3 mol-! s-1, respectively.

b. Metal-organic frameworks (MOFs) a sub-class of coordination polymers
represent a porous class of materials that are build up from metal ions or
oligonuclear metallic complexes and organic ligands. Briefly explain the
following methods that are used in the synthesis of MOFs, highlighting their
strengths and limitations (12 Marks)

i. Slow Evaporation and Diffusion Methods

ii. Solvo(Hydro)-Thermal Methods

iii. Mechanochemical Method

iv. Microwave-Assisted Method



Question Three (14 Marks)
a. Consider the reaction below is a redox reaction that follows an outer sphere

mechanism. Write the mechanism for the reaction (5 Marks)

[Co(NH3)sCII** + [Cr(H,0)s** + 5[H;0]" — 3 [Co(H,0)6]* + [Cr(H,0)sClI** + S[NH,I®

Low—Sp.in High-Spin High—Spin Low-Spin
non-labile labile labile non-labile

b. Mixed-valent compounds represent an important class of complex
compounds that are fundamental for the study of intramolecular electron
transfers. The bridging ligand therein play a pivotal role in synthesis of mixed
valent compounds. Briefly, explain any THREE types of ligands you would
utilize to achieve mixed valent complexes. Use examples where possible (9

Marks)

Question Four (16 Marks)

a. Discuss the application of metal complexes in catalysis. Interrogate the

successes and challenges in these applications (10 Marks)

b. Are all electronic transition in metal complexes allowed? Explain your

answer (6 Marks)
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