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a. Brief Course Description

General characteristics of transition elements of the d- and f-blocks. Theories of transition metal complex formation: crystal field theory; molecular orbital theory and ligand field theory. Stability and application of transition metal complexes; and ligand substitution reactions of metal complexes. Brief comparative chemistry of lanthanides and actinides. The practical part will involve inorganic syntheses of the following substances: 

Tin(II) chloride, tin (IV) iodide, copper(I) chloride, sodium thiosulphate hydrate, potassium tris(ethanedioato)-acuminate (III), cis- and –trans-potassium bis (ethanedioato)diaquachromate (III), nitro- and nitritopentaminecobalt (III) chloride, dipyridineiodine (I) nitrate, tris (thiourea)-copper(I) sulphate, dichloro-bis(2,4-pentanedionato) titanium (III), and potassium tris (ethanedioato)manganese(III).

As an alternative to the above, with materials permitting the following inorganic substances may also be considered for synthesis of:

· High temperature superconductors, ferromagnetic compounds, zeolite, pillared clays, magnetic compounds, solid-state compounds synthesized in a high temperature furnace, and others.

· [Co(NH3)5Cl]Cl2, Mn(acac)3, [Co(en)3]Cl3, CrCl2(H2O)4+, Cr(acac)3, [Cr(NH3)5](NO​3)3, Cu(O2CCH3), [Co(en)2Cl2]Cl, Co(salen), K4Mo2Cl8, and others.

·  ICl3​, GeH4, K2S2O8, PhBCl2, siloxane polymers, adducts, and others.

· Cp2Fe(CO)4, Ir(Cl)(CO)(PPh3)2, Cp2Fe, Cp2Ni, Fe3(CO)12, PtCl2(1,5-cyclooctadiene, and others (60 hours).

This laboratory part emphasizes synthetic procedures and analytical techniques used by chemists in the synthesis of modern inorganic materials and molecules.

b. Course Objectives

At the end of the course, the learner is expected:

· Review and outline the general physical and chemical behaviour of transition elements 

· Summarize the concepts of metal complex formation and its application in the quantification of analytes, separation of interferences and extraction of metals.

· Write mechanisms of ligand substitution reactions in square planar and octahedral complexes.

· Account for the descriptive chemistries of the d- and f-block elements and with respect to trends in differences and similarities. Synthesize inorganic materials and interpret molecular structures using a variety of synthetic techniques.

· Perform a variety of comparative chemical reactions and carry out stoichiometric calculations.

· Describe and quantify specific constituents.

· Assemble, handle and safely store a variety of chemical materials.

c. Detailed Course Description.

· General characteristics of transition elements (4 hours)

Introduction, Variable oxidation states, Exhibition of colours, High tendency to form complexes, Exhibition of paramagnetism, Determination of paramagnetsim

· Transition metal complex formation  (4 hours)

Constituents of a metal complex, Metal complex Vs Coordination compound; Primary and secondary bond interaction in coordination compounds; Shapes of metal complexes; Nomenclature of metal complexes; Isomerism of metal complexes

· Theories for metal complex formation
 (4 hours)
Valence Bond Theory (VBT); Crystal field theory (CFT); Molecular orbital theory (MOT)

· Thermodynamic stability of metal complexes
(4 hours)
  

Thermodynamic and kinetic stability; Stability constants; Determination of stability constants; Factors influencing stability of metal complexes; Class A and Class B metals; Applications of stability constants

· Kinetics of ligand substitution reactions of transition metal complexes
(4 hours)
Labile and inert metal complexes; Factors affecting the lability or inertness of metal complexes; Mechanisms of ligand substitution reactions; 

· Chemistry of period 4 d-block elements and their compounds
 (2 hours)

Introductory remarks; some physical properties of the elements; important halides of the elements; important oxides of the elements; The Chemistry of Titanium and its compounds.

· Comparative chemistry of periods 5 and 6 d-block elements and their compounds (4 hours)      

Introduction; Some physical properties of the elements; important halides of the elements; important oxides of the elements

· Comparative chemistry of periods 6 and 7 f-block elements
(4 hours)
Introductory remarks; some physical properties of lanthanides and actinides; Lanthanide contraction; Oxidation states; Magnetic and spectral properties; Brief comparative chemical behaviour of lanthanides and actinides

· Inorganic synthesis (60 hours)
a. Mode of delivery:  Laboratory talk, hands-on with equipment and reagents and lectures.

Assessment: Tests, Assignments and practicals (40%), Examination (60%)

