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MINISTRY OF EDUCATION AND SCIENCE OF THE RUSSIAN FEDERATION

Federal State Autonomous Educational Institution of Higher Education

The National Research University “Belgorod state University” (BelSU)
Chemistry
The program of the entrance exam
Main requirements 
An examinee needs to know 

· the basic theoretical concepts in chemistry,
· classifications of chemical substances and chemical reactions,
· chemical properties of the most important substances used in industry and in everyday life.
An examinee should be able to
· write and use chemical formulas to solve various kinds of chemical problems,
· write and interpret balanced chemical equations to describe chemical reactions, 
· relate names to formulas of main classes of inorganic and organic compounds,
· combine simple ions to write formulas and names of some ionic compounds,
· perform calculations.
The answers are written in a special blank. The answers have to be written with a blue or black PEN. Do not use a pencil! Just minimal corrections are allowed. Rough sheets are returned together with the main paper.
An examinee is recommended to use
· an ordinary calculator, 

· the Periodic Table, 

· a table of solubility of salts, acids, and metal hydroxides in water, 

· a table of standard reduction (electrode) potentials.

Mobile phones, PC, and other communications tools are strictly forbidden!
Time to write the answer is 45 minutes.
Content of the Subject
Foundations of Chemistry
The Periodic Law and the Periodic Table of elements.
Structure of atoms, electronic shells, electronic configurations of the atoms of the elements, s-, p-, and d-block elements. Periodic properties of the elements. Variations in properties of atoms of the elements in periods and in groups (atomic radii, electronegativity,  metallic and non-metallic properties). Metals and non-metals, transition elements.
Chemical Bonding
Covalent bonding. Formation of covalent bonds, polar and non-polar covalent bonds, bond energies and bond lengths. Ionic bond, ionic compounds. Metallic bonding. Hydrogen bonds. Electronegativity, oxidation states (oxidation numbers). Molecular, and non-molecular substances, types of crystalline lattices. The dependence of properties of substances on their structure.
Chemical Reactions
Classification of chemical reactions in inorganic chemistry (addition, decomposition, replacement, double exchange reactions). Classification of reactions in organic chemistry (addition, substitution, elimination etc.). Heat effect of chemical reactions, exothermic end endothermic reactions, thermochemical equations. The rate of a chemical reaction.  Factors  that affect reaction rates. Reversible and irreversible reactions. Chemical equilibrium. Factors that affect equilibria, shift of chemical equilibria.

Electrolytic dissociation (ionization) of substances in aqueous solutions. Strong and weak electrolytes. Ionic reactions in aqueous solutions. Hydrolysis in solutions of salts, neutral, basic, and acidic salts. Redox reactions.  Electrolysis of molten salts, electrolysis of aqueous solutions (salts, acids, alkalis). 
Inorganic Chemistry
Classification and nomenclature of inorganic  compounds (names of acids, alkalis, salts etc.). The main chemical properties of the elements, namely IA, IIA group metals, aluminium, some transition metals (copper, zinc, chromium, iron). The main chemical properties of non-metals, namely hydrogen, halogens, oxygen, sulfur, nitrogen, phosphorous, carbon, silicon.

Main properties of basic, acidic, and amphoteric oxides. Classification and main properties of acids, bases (metal hydroxides), amphoteric hydroxides. Classification and main properties of salts. Interrelation between different classes of inorganic compounds.
Organic chemistry
Structure of organic compounds. Homologous series of organic compounds, isomerism. Constitutional (or structural) isomers. Geometric isomers (or cis–trans isomers). The mutual influence of atoms in organic molecules.  
Chemical bonds in organic compounds. Hybridization of carbon in covalent bond formation. Classification of organic compounds. Functional groups, radicals. Nomenclature of organic compounds, IUPAC names, common names of organic substances.

Hydrocarbons (alkanes, cycloalkanes, alkenes, diens, benzene and toluene asaromatic hydrocarbons), their structures and main chemical reactions. Structure, properties, and main chemical reactions of alcohols, polyols, phenol. Structure, properties, and main chemical reactions of aldehydes, carboxylic acids, esters. Structure and chemical properties of nitrogen containing compounds, namely amines, amino acids. Some important biological compounds, namely lipids (triacyl glycerols), carbohydrates (monosaccharides, disaccharides, polysaccharides), proteins. Interrelations of organic compounds.
Chemistry and Life
Foundations of chemical experiment 
Labware. The principal safety rules. Methods of separation of mixtures, methods of purification of substances. 

Acidic, basic, and neutral solutions, acid-base indicators. Qualitative identification (qualitative reactions) of inorganic substances and ions in solutions. Identification of organic compounds. The main ways to obtain inorganic and inorganic substances mentioned above in a laboratory.  

Industrial production of the most important substances  
A brief take on metallurgy, the main ways to obtain metals. Chemical foundations of some industrial processes, namely production of ammonia, sulfuric acid, methanol. Chemical pollution of environment. Hydrocarbon resources, hydrocarbon processing. Polymers, polymerization, and polycondensation reactions.  Plastics , fibres, rubbers.
Calculations 
1. Percentage of mixtures and solutions, mass of dissolved substance (solute) and mass of solvent in a given mass of a solution when percentage is given. 
2. Determination of molecular formulas. Percent compositions in compounds.
3. Calculations based on chemical equations.

· Mass, volume, amount (mole) of reactants or products. Mole relationships in chemical reactions.
· Volume ratios of gases for gaseous chemical reactions. 

· Using the limiting reactant concept in calculations.
· Percent yields from chemical reactions. 
· Heat effects of chemical reactions.

· Using solutions in chemical reactions. 
Assessment Criteria
The answer is assessed according to a 100-point grading scale. Each question brings a definite number of points depending on difficulty level. All questions and assignments include a number of elements, so the points are given for each element written right. Even if a question is answered just partially the points will be given for all elements made correctly. So the aim of an examinee is to get as more points as possible. 

Any information that does not concern the questions and assignments in a variant is not considered and evaluated.
The minimal required number of points is 43.

An Example of the Exam Variant

1. Write the electronic configuration of iodine atom. Which of the two elements, iodine or chlorine, has more non-metallic properties? Explain your answer.

2. Find the formulas of oxides in the list. SO3, HBr, CaCO3, NaOH, Mg3(PO4)2, CaO, H2SO3, ZnOHBr, H2S, Ba(OH)2, P2O5, NH4OH, NaHCO3, HNO3, SiO2, Fe(OH)2, CuSO4, ZnO, CH3COOH, KOH. Which of them correspond to acids.
3. Balance the reaction using oxidation-number method, indicate the oxidizer and the reducer in this reaction.

 KNO2 + KMnO4 + H2O → KNO3 + KOH + MnO2
4. 300 g of a 20% aqueous solution and 500 g of a 40% aqueous solution of some salt are mixed. Calculate percent of the salt in the final solution.

5. Write the structural formulas of the following organic compounds. For one of these compounds write the most important chemical reactions demonstrating its chemical properties. 

Propane, ethylene, pentyne-2, benzene, ethanol, acetaldehyde, acetic acid.

Solution

1. I   1s22s22p63s23p63d104s24p64d105s25p5
Chlorine is more non-metallic than iodine, because within a group on the Peridic table of elements non-metallic properties decrease from top to bottom.

2. SO3, CaO, P2O5, SiO2, ZnO.

3. 3KNO2 +2KMnO4 + H2O → 3KNO3 +2 KOH + 2MnO2
	N+3–2ē → N+5
	×3   

	Mn+7 +3ē → Mn+4
	×2


KNO2 is  the reducer,  KMnO4  is the oxidizer.

4. The mass of the final solution 
[image: image1.wmf]g

m

m

solution

m

800

500

300

)

(

2

1

=

+

=

+

=


The mass of salt in the initial solutions
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Answer: 32.5%
	Propane 
	CH3–CH2–CH3
	benzene
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	Ethylene
	CH2=CH2
	ethanol
	CH3–CH2–OH



	pentyne-2  
	CH3–C(C– CH2–CH3
	acetaldehyde
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	acetic acid
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 Let’s take ethylene.
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