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EXPLANATORY NOTE
1.1. Goals and Objectives of Teaching and Learning of the subject

Goal:

- to teach would-be chemical industrial engineer to comprehend the chemistry of
complex compounds essence correctly.

Objectives:

- to create the students’ understanding of the complex compounds structure on the
basis of the up-to-date theory of chemical bond;

- to study the complex compounds classification and nomenclature;

to study the chemistry of complex compounds, their conduct in solutions and in

various interacting;

- to form students’ understanding about fields of applications of complex
compounds.

1.2. Demands to the level of mastering the subject

Students mast have knowledge about classification, nomenclature and structure of
complex compounds. Chemical properties of complex compounds which depend on
structure and fields of applications must be considered.

The students ought to know:

o the foundations of different theories of chemical bond, which describe structure of
complex compounds (theory of valence linkage, theory of crystalline field, theory
of ligand field);

e objective laws of complex compounds conduct in solutions depending on their
structure and resistance; influence of different factors on equilibrium and
reversibility of chemical reactions;

The students ought to be able:

¢ to use nomenclature and knowledge about isomerism;

o to apply the knowledge acquired.

1.3. Connection with the subjects, studied before

Chemistry of complex compounds is based on the knowledge acquired while
studying subjects: “Theoretical foundations of chemistry”, “Inorganic chemistry”,
“Analytical chemistry”, “Organic chemistry”.
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Approximate theme outline

Theme lecture Labor_atory
practicals

Introduction 1 —
1. The main notions and terms 3 —
2. Structure and nomenclature of complex 9 B
compounds

3. Classification and isomerism of complex 4 B
compounds

4. Ligands of complex compounds 4 —
5. Chemical bond in complex compounds 4 —
6. Solutions of complex compounds 2 4
7. Chemical properties of complex 4 4
compounds

8. Application of complex compounds 2 —
TOTAL 26 8

2. SUBJECT MATTER

Introduction
Subject “Chemistry of complex compounds” and its place amount other chemical
science. Role chemistry of complex compounds in the sphere of nanotechnologies,
streamlined synthesis of nanoparticles and monomolecular layers.

The main notions and terms
Donor atoms. Denticity and ambident behaviour. Polytopness. Coordination
polyhedra.

Structure and nomenclature of complex compounds
Complex compounds. Sequestrant (complexing agent). Ligands, their classification
and denticity. Coordination number of atom (ion)- sequestrant. Inside and outside sphere
of complex compounds. Nomenclature of complex compounds. Kinds of complex
compounds. Intracomplex compounds. Complexonates of metals. Complexes with
macrocyclic ligands.

Classification and isomerism of complex compounds

Complex compounds classification by the type of coordinating ligands. Ammoniates.
Aguacomplexes. Anionhalagenates and kationhalagenates. Hydride complexes. Metal
carbonyls. Special groups of complex compounds: complexes with unsaturated molecules
(m-complex); cyclic complex compounds (helates); polynuclear complex compounds.
Clusters.

Isomerism of complex compounds: geometric (plane symmetric), optical, hydrated,
bonded, ionization. Transformational isomerism. Coordination isomerism and polimery.
Conformation isomerism.
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Complex compounds with coordination number from 2 to 10 and more.

Ligands of complex compounds
Ligands of complex compounds. Molecules of water and hydroxide-ion. Amines.
Organic nitriles. Phosphites. Trialkinphosphites. thioethers, mercaptans, ethylene,
acetylene and their derivatives. Halogenide-, cyanide-, rhodanide-ions and etc. Mutual
influence of ligands in inside sphere of complex compounds. Rules of Peirone and
lergensen. Objective laws of trans-effect and cis-effect.

Chemical bond in complex compounds
Chemical bond in complex compounds, electrostatic. Theory of the valence bond.
Valence-shell electron-pair repulsion conception. Theory of crystalline field, method of
molecular orbital. Molecules with deficit of electrons.
Chelate effect. Chelate compounds, isomerism of chelate complexes.

Solutions of complex compounds
Equilibrium in solutions of complex compounds. Stepwise character of equilibrium.
Stability and instability of complex ions. Factor of influence on their acidic properties,
acid-base equilibrium in solutions of hydrated complexes. Polymerization of
hydroxocomplexes. Basicity of complex compounds.

Chemical properties of complex compounds
Mechanism of reactions of coordination compounds. Chemical reactivity of
coordination ligands of complex compounds. Redox (reduction-oxidation) properties of
complex compounds. Rinds of redox transformation of electrode potential.

Application of complex compounds
Application of complex compounds. Analytical and organic chemistry. Catalysis.
Dyestuffs. Pigments and etc.
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Teaching and methodic chart of the discipline

Number Name of the section, topic, lecture; the list of Number of academic Material Literature Form of
of the studied themes hours supplies control
section, lectures | Laboratory (visual,
topic, Studies methodical
lecture teaching aids
etc)
Chemistry of Complex Compounds 26 8

1,2 Complex compounds. Sequestrant (complexing | 4 2 Manuals and | [1,2] [3] Credit

agent). Ligands, their classification and denticity. tutorials
Coordination number of atom (ion)- sequestrant.
Inside and outside sphere of complex compounds.
Nomenclature of complex compounds. Kinds of
complex compounds. Intracomplex compounds.
Complexonates of metals. Complexes with
macrocyclic ligands.

3 Complex compounds classification by the type of | 1 2 Manuals and | [1,2] Credit
coordinating ligands. Ammoniates. tutorials [10] [12]
Aguacomplexes. Anionhalagenates and
kationhalagenates. Hydride complexes. Metal
carbonyls. Special groups of complex compounds:
complexes with unsaturated molecules (n-
complex); cyclic complex compounds (helates);
polynuclear complex compounds. Clusters.

3,4 Isomerism of complex compounds: geometric | 2 Manuals and | [1,2] [5] Credit
(plane symmetric), optical, hydrated, bonded, tutorials
ionization. Transformational isomerism.

Coordination Isomerism and polimery.
Conformation isomerism.
5 Complex compounds with coordination number | 1 Manuals and | [1,2] Credit




from 2 to 10 and more. tutorials

6,7 Chemical bond in complex compounds, |5 Manuals and | [1,2] [6] | Credit
electrostatic. Theory of the valence bond. Valence- tutorials [9,13,14]
shell electron-pair repulsion conception. Theory of
crystalline field, method of molecular orbital.
Molecules with deficit of electrons.

8 Chelate effect. Chelate compounds, isomerism of | 1 Manuals and | [1,2] [4] [8] | Credit
chelate complexes. tutorials

8,9 Ligands of complex compounds. Molecules of | 2 Manuals and | [1,2] [12] | Credit
water and hydroxide-ion. Amines. Organic nitriles. tutorials [13]
Phosphites. Trialkinphosphites. thioethers,
mercaptans, ethylene, acetylene and their
derivatives. Halogenide-, cyanide-, rhodanide-ions
and etc. Mutual influence of ligands in inside
sphere of complex compounds.

10,11 Equilibrium in solutions of complex compounds. | 3,5 Manuals and | [1,2] [7] [13] | Credit
Stepwise character of equilibrium. Stability and tutorials
instability of complex ions. Factor of influence on
their acidic properties, acid-base equilibrium in
solutions of hydrated complexes.

11 Polymerization of hydroxocomplexes. Basicity of | 0,5 Manuals and | [1,2] Credit
complex compounds. tutorials

12 Redox (reduction-oxidation) properties of complex | 2 Manuals and | [1,2[ [5] [12] | Credit
compounds. Types of redox transformations of tutorials
complex compounds. Influence of complexation
on electrode potential.

13 Chemical reactivity of coordination ligands of | 2 Manuals and | [1,2] [8] [15] | Credit
complex compounds. Application of complex tutorials

compounds. Analytical and organic chemistry.
Catalysis. Dyestuffs. Pigments and etc.
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