SYLLABUS

Subject: GENERAL AND INORGANIC CHEMISTRY

Introduction

The main task of the course in general and inorganic chemistry for students in the specialty “Geology” is to provide future specialists with skills for prognosis of chemical reactions, explorations and survey for mineral deposits and using chemical substances, minerals and materials in modern technology. Besides, students require specific knowledge in chemistry for further study of general theoretic and profile subjects.

According to the curriculum, first year students of the faculty of geology (specialty 60700 “ geology”) learn general and inorganic chemistry in the first semester. The course consists of 90 hours, out of which 36 hrs are lectures and 54 hrs – seminars and labs. There are two colloquiums and four tests. The course is completed by an exam. 

COURSE CONTENTS 

	№
	Topic and its contents
	Lectures

(hrs)
	Home work

	1
	Introduction. Subject of chemistry and its place amongst other natural sciences. Physical and chemical phenomena. Methods of chemistry and their main tasks. Chemistry and Earth sciences. Role of chemistry in technical scientific progress. Role of chemistry in solving problems of environmental protection. Atom-molecular theory and its main notions: atom, molecule, chemical element. Atomic mass, molecular mass, mol. Characteristics of aggregate states of substances. Laws of gas state: Boyle-Mariotte, Gey-Lussak, Sharle, Avogadro, law of partial pressures. Equation of Kliperon-Mendeleev. Universal gas constant. Stechiometric laws: constant of contents, equivalents, divisible relations. Contemporary understanding of stechiometric laws. Chemical compounds of variable and constant contents. Methods of determination of molecular and atomic mass.  
	2
	3

	2
	Most important classes of inorganic substances. Classification and nomenclature of inorganic compounds. Simple substances. Metals and non-metals in the periodic system. Forms of metals and non-metals found in nature. Principles of extracting. Oxides (basic, acidic, amphoteric), hydroxides (bases, acids, ampholytes), salts (normal, acid, basic, double, mixed, complex). Interconnection between main classes of inorganic compounds. Contents and structure of complex compounds. Werner’s coordination theory. Nature of chemical bond in complex compounds. Formation of complexes and dissociation. Constant of unsteadiness. Classification and nomenclature of complex compounds. 
	2
	3

	3.
	Structure of substances. Structure of atoms. Evolution of theories of complexity of structure of the atom. Scientific discoveries which comprise the basis for the theory of structure of the atom. Nucleus and electrons. Contents of atomic nuclei. Connection between structure of the nucleus and occurrence of the elements. Isotopes. Planetary model of structure of the atom. Main theses of Bohr’s theory. Radius of orbit, speed and energy of electron in main state. Quantum mechanical model of the atom. Characterization of energetic state of the electron by quantum numbers. Energetic levels of electrons in single and multiple electron atoms. Principle of Pauli, Hund, minimum of energy. Klechkovsky’s rule. 
	2
	3

	4
	Periodic law of D.I.Mendeleev. Its general scientific and philosophic role. Structure of the periodic system of elements: small and large periods, groups, main and supplementary subgroups, families of elements. Place of an element in the periodic system as its main characteristics. Position of x-, p-, л-, f- elements in periodic system. Peculiarities of electronic configurations of atoms of main and supplementary subgroups. Periodic chemical properties of elements. Occurrence of elements in nature. Origin of elements. 
	2
	3

	5
	Structure of molecules and crystals. Characteristics of interacting atoms: atomic radius, energy of ionization and relation to electron, electric negativity. Valent electrons. Excited atoms. Types of chemical bonds. Covalent bond. Method of valent bonds. Quantitative characteristics of chemical bond: length, divisibility, energy, polarity, valent angles. Peculiarities of covalent bond: saturation and direction. Valent capabilities of elements. Ways of overlapping electronic orbits, st-, я- and 5- bonds. Exchange and donor-acceptor mechanism of formation of covalent bond. Hybridization of atom orbits. Scheme of molecular orbits. Order of bonds. Ionic bond. Conditions for formation of ionic bond. Indirection and insaturation of ionic bond. Hydrogen bond. Nature and peculiar features of hydrogen bond. Metallic bond. Fundamentals of zone theory of structure of solids. Conductors, semiconductors, dielectrics. 
	2
	3

	6
	Energy and kinetics of chemical reactions. Elements of thermochemistry and thermodynamics. Classification of chemical reactions. Internal energy and enthalpy. Laws of thermochemistry. Thermochemical equations. Notion of entropy. Free energy and its change. Direction of chemical processes. 

Chemical kinetics and chemical equilibrium. Speed of chemical reactions. Factors affecting speed of chemical reactions. Law of mass action. Constant of speed. Activated complex. Energy of activation. Catalysis. Chain reactions.

Chemical equilibrium in homogenous and heterogenous systems. Constant of equilibrium. Shift of equilibrium. Le Chatelieu’s principle and its practical application. 
	2
	3

	7
	Dispersion systems. Solutions. 

General representation of dispersion systems. Solutions as multiple component systems with changeable contents. Ways of expression of concentration of solutions. Unsaturated, saturated, and oversaturated solutions. Classification of solution by their aggregate state. Dissolution. Dissolution of gases, liquids and solids in liquids. Influence of temperature and pressure on dissolution. Process of dissolution and its mechanism. 

Notion of ideal solutions. Diluted solutions of non-electrolytes. Boiling and freezing temperatures for solutions. Cryoscopy and ebullioscopy. Osmotic pressure. Osmosis in nature. Natural solutions. Soil solution. Soil and underground waters. 

Chemical properties of solutions. Notion of solvatation. Solutions of electrolytes. Differences in properties of electrolyte solutions from those of non-electrolytes. Theory of electrolytic dissociation. Strong and weak electrolytes. Constant and degree of dissociation. Ostwald’s dilution law. Step-by-step dissociation. Dissociation of water. Ionic indicator of water. Water indicator (pH). Methods of measuring pH. Indicators. Buffer systems. Sum of dissolution. Exchange reaction between electrolytes. Ionic equations of reactions. Conditions for practical irreversibility of reactions. 

Hydrolysis of salts. Dependence of hydrolysis on nature of a salt. Effect of concentration and temperature on equilibrium of hydrolysis. Dispersion systems, their classification. Suspensions and emulsions. Colloid solutions, stability of colloids. Zols and gels. Coagulation and peptization. Colloids in nature. Aerosols, smokes and fogs. 
	4
	6

	8
	Oxidizing restoring processes in nature and industry. Electro chemical processes. Equilibrium on the edge of phase division metal-solution of electrolyte. Electrode potential. Hydrogen electrode. Row of tensions. Notion of galvanic elements. Electrolysis. Oxidizing-restoring processes in the course of electrolysis. Laws of electrolysis. Electrolysis of water solutions, substances and fusions. Use of electrolysis. Corrosion of metals and its types. Ways of protection of metals from corrosion.   
	2
	3

	9
	Chemistry of elements. Review of properties of x-, p-, II-, f- elements. Metals and non-metals. Spreading of elements in nature. Rare and dispersed elements. Non-metals. Electron structure of atoms of nonmetals and their place in periodic system of elements. General properties of nonmetals. Indicators of “nonmetalness”. Inertial gases, their properties. Hydrogen. Compounds of hydrogen with metal and nonmetals. Forms found of nature. Ways of extracting and use. Water. Role of water in nature. World ocean. Drinking water deficit. Problems of desalination and purification of water. Physical and chemical properties of water. Association of molecules of water. Hydrates. Water as solvent. Hydrogen peroxide, its structure, properties and ways of obtaining. Oxidizing-restoring properties of hydrogen peroxide. 
	2
	3

	10
	General characteristics of elements of group VII. Halogens. Structure of atoms of halogens. Occurrence, natural compounds, degrees of oxidization, physical and chemical properties. Methods of obtaining of halogens. Use of halogens. Oxygen containing compounds of halogens, their properties. Physiological action and ecological importance of halogens and their compounds. 
	2
	3

	11
	General characteristics of p-elements in group VI. Sulphur, selenium, tellurium and their natural compounds. Extraction and properties. Allotropy of chalcogens. Sulphur, its chemical and physical properties. Sulphuretted hydrogen. Oxides and acids of sulphur. Compounds of sulphur as natural and anthropogenic exciter of environment. Comparative characteristics of compounds of sulphur, selenium and tellurium. 
	2
	3

	12
	General characteristics of group V elements. Nitrogen. Natural compounds. Ammoniac, nitrides. Salts of ammonium. Oxides and acids of nitrogen. Nitrate acid and its oxidizing-restoring properties. Nitrates. Nitrogen fertilizers. Nitrates and oxides of nitrogen – anthropogenic factor of environmental pollution. Phosphorus and its natural compounds. Phosphine, phosphides. Oxides and acids of phosphorus, their properties. Phosphorus fertilizers. Role of phosphorus for agriculture. Comparative characteristics of compounds of nitrogen, phosphorus, arsenic, stibium and bismuth. 
	2
	3

	13
	 Characteristics of chemical elements of group IV. Carbon, natural occurrence. Allotropic types of carbon, their practical use. Activated carbon. Most important inorganic compounds of carbon. Oil, its chemical contents and processing. Coal. Carbon as a basis of organic compounds. Classification of organic compounds and their general characteristics. Role of organic compounds in geosphere. Anthropogenic organic compounds – polluters of environment. Silicium. Natural occurrence and extraction. Silicides. Silanes. Silicate acids and their salts. Natural silicates and aluminosilicates. Glass. Natural compounds of boron. Methods of extraction. Oxide of boron, boron acids, boranes. Borides of metals. Boron as microelement in agriculture. 
	2
	3

	14
	Metals. General properties of metals. Metals in nature. Main types of ores. Methods of extraction. Piro-, electro- and hydrometallurgy. Physical and chemical properties of metals. Metals in periodic system. Metals and industry. General characteristics of t- elements of group I. Alkali metals. Sodium and potassium, natural occurrence and extraction. Main types of compounds, their properties and use. General characteristics of chemical elements of U group. Berrylium, its compounds. Amphotery of berrylium hydroxide. Magnesium, natural compounds, extraction and use. Chemical properties of magnesium. Most important classes of compounds, their use. Magnesium and plants. Alkali earths, natural compounds, extraction and use. 

Oxides, hydroxides, salts of alkali earths. Hardness of natural waters – methods of its elimination.  Liming and plastering of soils. 
	2
	3

	15
	General characteristics of elements of aluminum subgroup. Aluminum in nature, extraction and use. Physical and chemical properties. Amphotery of aluminum hydroxide. Hydrolysis of aluminum salts. Comparative characteristics of aluminum, gallium, indium and thallium. Germanium, stanum, plumbum. Natural compounds. Structure of the atom. Degrees of oxidization, physical and chemical properties of elements. Main types of compounds of elements of germanium group. 
	2
	3

	16
	Chemistry of transitional elements. Physical properties of simple substances. Laws of change of properties of simple substances and compounds of rf- elements in periods and groups. Transitional metals as complex creators. Group of scandium. Characteristics of elements of families of lanthanoids and actinoids. Most important classes of their compounds, use. General characteristics of subgroups of vanadium and titanium. Main classes of their compounds. Character of change of acid-base properties of compounds depending on degree of oxidization. Extraction and use of simple substances and compounds of elements of titanium and vanadium groups. General characteristics of elements of chrome subgroup. Natural compounds and extraction of chrome. Oxides and hydroxides of chrome. Chrome acids, chromates and dichromates, their oxidizing properties. Molybdenum and wolfram in nature. Extraction and use. Subgroup of mangan. Natural occurrence. General characteristics. Degrees of oxidization, acid-base properties of oxide and hydroxides. Manganates and permanganates. Oxide-restoring properties of mangan compounds. 
	2
	3

	17
	Transitional elements of group VIII. Triad of ferum. Natural compounds, ways of extraction, use, oxides and hydroxides. Complex compounds. Alloys: cast irons and steels. General characteristics of elements of subgroup of cuprum and zinc. Natural occurrence, extraction, physical and chemical properties. Most important classes of their compounds, use. Amphotery of oxide and hydroxide of zinc. Mercury and cadmium as anthropogenic polluters of soils and water reservoirs. Radioactive elements. Natural and artificial radioactivity.  Most important natural and artificial radioactive elements. Notion of nuclear transformations and nuclear reactions. Creation of chemical elements as the result of nuclear synthesis in nature. Nuclear energy. Radioactive pollution of environment. Use of radioactive elements. Methods of division, purification and research of chemical elements. Chemical and physical methods of division and purification. Notion of qualitative and quantitative analysis. Chemical and physical methods of analysis. Spectral, X-ray-fluorescent, atomic-absorption and other methods. Chemical and physical methods of research of substances. Notion of methods of research of crystal structures. X-ray-structural analysis. 
	2
	3


Laboratory Classes and Home Assignments

	Week
	Number of hours
	Topic

	1
	3
	General rules and safety regulations for work in the chemical laboratory. Equipment of the laboratory of inorganic chemistry. 

	2
	3
	Main laws of chemistry

	3
	3
	Calculations for chemical equations. Purification of substances. Separation of mixture of kitchen salt and sand. 

	4
	3
	Main classes of inorganic compounds. Determination of molecular mass of carbon acid. 

	5
	3
	Determination of molar mass of metal equivalent by volume method. Test # 1 (topics: gas laws, main laws of chemistry, calculations for chemical equations, main classes of inorganic compounds). 

	6
	3
	Structure of the atom. Periodic system of chemical elements of D.I.Mendeleev. Chemical bond. 

	7
	3
	Colloquium (topics: main laws of chemistry, main classes of inorganic compounds, structure of the atom, periodic law and periodic system of elements, chemical bond). 

	8
	3
	Chemical kinetics and chemical equilibrium. Energy of chemical reactions – effect of concentration of reagent on speed of reaction; effect of temperature on speed of reaction; 

effect of concentration of reagent on chemical equilibrium; effect of temperature on chemical equilibrium;

	9
	3
	Dispersion systems. Solutions. General properties and preparation of solutions – determination of density of liquids and solutions with areometer; -preparation of solution from salt and water; - preparation of solution by dilution of more concentrated solution. 

	10
	3
	Solutions of electrolytes. Determination of: - reaction of solution environment; - electro conductivity of solutions; - neutralizing of acid by alkali. 

Test # 2 (topics: speed of chemical reactions, chemical equilibrium, calculations for thermochemical equations, calculations of concentrations of solutions, electrolytic dissociation). 

	11
	3
	Oxidizing-restoring processes. Electrolysis, oxidization of potassium dichromate by sodium sulfide; - electrolysis of solution potassium iodide; - effect of acidity of environment on oxidizing activity of nitrions. 

	12
	3
	p-elements of group VII, halogens; - extraction of chlorine; burning of stibium, ferrum and phosphorus in chlorine; sublimation of iodine; -salts of halogen-hydrogen acids (qualitative reactions and acid residua of halogen-hydrogen acids).  

Test # 3 (topics: oxidizing-restoring processes, electrolysis)

	13
	3
	p-elements of group VI, peculiarities of melting of sulphur. Extraction of plastic sulphur, extraction and burning of sulphuretted hydrogen, restoring properties of sulphuretted hydrogen, qualitative reactions for sulfite- and sulfate- ions. 

	14
	3
	p-elements of group V, qualitative reaction for ions NH4, interaction of concentrated nitrogen acid with cuprum, dissolution of calcium salts of ortophosphorus acid. 



	14
	3
	Colloquium (topic: general properties of nonmetals).

	16
	3
	p-elements of group IV, formation of barium carbonate and hydrogen carbonate; decomposition of carbonate by acetate acid; displacement of silicate acid from its salt by carbonate acid.

Л-elements of groups 1 and 11. Alkali metals and alkaline earths, interaction of magnesium with acids; extraction and properties of calcium, strontium and barium sulphates; colouring of flame in the result of burning of salt of alkali metals.

	17
	3
	p-elements of group Пi

· properties of ortoborate acid

· 3-elements, dependence of restoration degree from reaction of environment;

· thermolysis of ammonium dichromate; interaction of zinc with acids;

· test # 4(topic: general properties of metals)

	18
	3
	Final class. Admission to examination. 


