LIST OF ENTRANCE EXAM QUESTIONS

FOR THE INTERNATIONAL MASTER'S DEGREE PROGRAM

ITMO INFOCHEMISTRY

Section 1. Information theory and chemical self-organization,
thermodynamics, selected chapters of colloid chemistry
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Complex chemical systems (e.g. biological cell).

Self-organized systems.

General aspects of thermodynamics. Equilibrium and nonequilibrium phase transitions.

Mechanical and thermodynamic equilibrium.

Nonlinear chemical reactions.

The first law of thermodynamics. Internal energy. Enthalpy.

The consequences of the first law thermodynamics.

Gibbs free energy.

The content and formulation of the second law of thermodynamics. Reversible and irreversible processes.

. Entropy. Change in entropy in some processes: during phase transformations, during Heating system,

in chemical reaction.

Application of the first law of thermodynamics to chemical processes. Hess's Law. Calculation Thermal
effects of chemical reactions based on Hess's law. Dependence of the thermal effect on temperature.
Kirchhoff's equation.

Heat capacity. Expression of heat capacity in isobaric and isochoric conditions. Addiction Heat capacity
from temperature.

Isochoric-isothermal potential and Isobaric isothermal potential.
The concept of the chemical potential. The chemical potential of an individual substance in real mixture.

The law of mass action. The equilibrium constant of a chemical reaction. Ways of expression. Equilibrium
constant.

. The isotherm equation chemical reaction. The effect of temperature on chemical equilibrium. Isobar

equation and isochore chemical reaction.
The third law of thermodynamics. Nernst's heat theorem. Postulates of Planck.

Dependence of the heat of the phase transition on pressure and temperature. Clausius- Clapeyron
relation.

Molecular-kinetic properties of colloidal systems.

Adsorption processes at the interface of phases. Physical and chemical adsorption. Polyany's theory of
polymolecular adsorption. BET Theory.

Synergetics, and systems far from thermal equilibrium. The Second Law of Synergetics.

. Linear oscillator. Properties of linear systems.
23.

Information. Increment of information. Shannon's entropy. The principle of maximum information. Coding
information.

Storage and processing of information.

Application of the information maximum principle to self-organized systems.
Application of the information maximum principle to nonequilibrium phase transitions.
Pattern recognition algorithm.

Chemical process modeling, prediction and control.

Quantum computing, classical and quantum logic elements.



Section 2. Electrochemistry

1. Research methods for electrolyte solutions. Theory of electrolytic dissociation.
Debye-Huckel theory and activity coefficients.

3. Charge transport properties through polyelectrolyte layers and electrochemical methods investigation
of them.

4. Nonequilibrium phenomena in electrolyte solutions. Diffusion and migration of ions. Electrical
conductivity. lon transport number.

5. Types and properties of ionic liquids. Types and properties of solid electrolytes.

6. Electrical double layer.

7. Electrochemical potential. The equilibrium in the electrochemical circuit.

8. Redox half-reactions, electrode potential.

9. Classification of electrodes for voltammetry. Ultramicroelectrodes.

10. lon-selective electrodes: types, classification, Nernst equation and mathematical model description.
11. Electrochemical sensors.

12. Ultra-micro electrodes10. Application of the first law of thermodynamics to chemical processes. Hess's
Law. Calculation Thermal effects of chemical reactions based on Hess's law. Dependence of the thermal
effect on temperature. Kirchhoff's equation.
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