SYLLABUS 
Fall semester 2022-2023 academic years
on the educational program “7M05301-Chemistry”

	Discipline’s code
	Discipline’s title
	Independent work of students (IWS)
	Number of credits
	Number of credits
	Independent work of student with teacher (IWST)

	
	
	
	Lectures (L)
	Practical training (PT)
	Laboratory  (Lab)
	
	

	TPFH 5301
	Theory and Problems of Physical Chemistry
	
	15
	30
	
	5
	7

	Academic course information

	Form of education
	Type of course 
	Types of lectures
	Types of practical training 
	Form of final control

	Full-time
	Theoretically problematic,
	Analytical lecture
	Problem solving,
situational tasks
	

	Lecturer   
	Supiyeva Zhazira
	Written/offline

	e-mail
	Supiyeva.Zhazira@kaznu.kz
	

	Telephone number
	8 701 391 91 56
	



	Aim of course 
	Expected Learning Outcomes (LO)*
As a result of studying the discipline the undergraduate will be able to:

	Indicators of LO achievement (ID)
(for each LO at least 2 indicators)

	To form a system of knowledge of theories and problems of physical chemistry and reasonably apply in solving scientific problems in professional activities.
	1. Demonstrate knowledge of specific theories and problems of physical chemistry to explain chemical processes;
	1.1. Solvation and solubility of substances;
1.2. Theories and problems of statistical thermodynamics;
1.3. Practical chemical kinetics for homogeneous, heterogeneous and electrochemical processes;

	
	2. Analysis of thermodynamic, kinetic and electrochemical numerical characteristics of chemical processes.
	2.1. Calculate the average ionic activity coefficient, solvation energy of substances and ions in different conditions; 
2.2. Determine the rate constant, activation energy of chemical and electrochemical processes; 
2.3. Analyze the diffusion and kinetic mode of electrochemical reactions and classify the types of polarization.

	
	3. Prediction and classification of energy states of particles in macro and micro systems.
	3.1. Estimate the statistical sum of particle states in micro systems; 
3.2. Prediction of energy distribution of molecules using distribution function.

	
	4. Assessment of the influence of various factors on the chemistry of interactions in chemical and electrochemical systems.
	4.1. Prediction of the effect of temperature, nature of solvent on thermodynamic and kinetic characteristics of processes; 
4.2. Prediction of the effect of current density, polarization and the nature of the solvent on the mode of electrochemical reactions.

	
	5. Solving individual and group scientific problems of the project during the workshop.
	5.1. Plan and conduct research on the chosen topic of the workshop;
5.2. Summarize the results in the form of a scientific report and present a presentation; 
5.3. Report, discuss and draw conclusions.

	Prerequisites
	Selected chapters of organic chemistry, current problems of inorganic chemistry, advanced analytical chemistry.

	Post requisites
	Basics of modern experimental thermodynamics, basics of non-equilibrium thermodynamics.

	Information resources 
	[bookmark: _GoBack]Literature:
1. C.R. Metz Theory and Problems of Physical Chemistry / McGraw-Hill, 1974.
2. Clyde R. Metz Theory and Problems of Physical Chemistry / McGraw-Hill; First edition (January 1, 1976). 
3. Dr. RK Gupta Problems in Physical Chemistry / JEE Main and Advanced - 518 р.
4. Kenneth Schmitz Рhysical Chemistry Concepts and Theory /1st Edition - November 11, 2016.
5. Оспанова А.К., Шабикова Г.Х., Сыздыкова Л.И. Физикалық химиянын теориялары мен мәселерi. Алматы. 2021. с 191.
6. Г.Х. Шабикова, Л.И. Сыздыкова Современное состояние теории сольватации и растворения. Алматы.2010. 



	Academic policy of the course in the context of university moral and ethical values
	Academic Behavior Rules: 
All students are required to register for the MOOC. The deadlines for completing the modules of the online course must be strictly observed in accordance with the schedule for studying the discipline. Leave in case of current MOOC or SPOC courses.
ATTENTION! Failure to meet deadlines results in loss of points! The deadline for each task is indicated in the calendar (schedule) for the implementation of the content of the training course, as well as in the MOOC. Leave in case of current MOOC or SPOC courses.
Academic values:
- Practical trainings/laboratories, IWS should be independent, creative.
- Plagiarism, forgery, cheating at all stages of control are unacceptable.
- Students with disabilities can receive counseling at e-mail Supiyeva.Zhazira@kaznu.kz.

	Evaluation and attestation policy
	Criteria-based evaluation: 
assessment of learning outcomes in relation to descriptors (verification of the formation of competencies in midterm control and exams).
Summative evaluation: assessment of work activity in an audience (at a webinar); assessment of the completed task.



CALENDAR (SCHEDULE) THE IMPLEMENTATION OF THE COURSE CONTENT:

	Week
	Topic name
	Number of hours
	Max.
score

	Module 1 
Solvation processes in solutions

	1
	Lec 1. The role of D. Mendeleev and his scientific school in creating the theory of solutions.
	1
	

	1
	Sem 1. Comparative analysis of the physical and chemical theory of solutions.  
	1
	10

	2
	Lec 2.  Crystal lattice energy and various methods of detection.

	1
	

	2
	Sem 2. Using different methods of calculating the energy of the crystal lattice.
	1
	10

	2
	IWST 1. Consultation on the implementation of the IWS 1 on the topic: «Effect of ionic radius and charge on crystal lattice energy of a certain group of salts».
	1
	

	3
	Lec 3.  Solvation energy and heat. Born, Born-Bierrum equations and Gaber's thermodynamic cycle.
	1
	

	3
	Sem 3. Using different methods of calculating solvation energy.  
	1
	10

	3
	IWS 1. Completion of the IWS 1 on the topic: «Effect of ionic radius and charge on crystal lattice energy of a certain group of salts». 
	1
	10

	4
	Lec 4.  Theoretical and applied aspects of real and chemical energetics of solvation.
	1
	

	4
	Sem 4. Comparative analysis of the relationship between crystal lattice energy and solvation energy in the dissolution process.  
	1
	10

	
	IWST 2. Consultation on the implementation of the Individual research work: «Effect of ion radius and charge on the solvation energy of a specific salt group».
	1
	10

	5
	Lec 5.  The modern concept of the mechanism of solution formation.
	1
	

	5
	Sem 5. General analysis of solvation processes in solutions of strong and weak electrolytes.
	1
	10

	Module 2 
Thermodynamic characteristics of particles in macro and micro systems

	6
	Lec 6.  Thermodynamic justification of the Debye-Hückel theory from the point of view of modern electrostatic theories.
	1
	

	6
	Sem 6. Methods of calculating the average ion activity coefficient from the point of view of modern electrostatic theories.  
	1
	10

	7
	Lec 7.  Application of the Debye-Hückel theory to solutions of weak electrolytes and the effect of ionic strength of solutions on the rate of ionic reactions.
	1
	

	7
	Sem 7. Determination of thermodynamic characteristics of ions in solution: Gibbs energy, enthalpy and entropy of formation of ions.
	1
	20

	7
	IWST 3. Consultation on the implementation of the IWS 2 on the topic: «Effect of concentration and temperature on average ionic activity coefficient of ions in solution».
	1
	

	
	LEVEL CONTROL 1
	
	100

	8
	Lec 8.  Fundamentals of statistical thermodynamics. Characteristics of macro and micro systems. Thermodynamic probability and distribution function.
	1
	

	8
	Sem 8. Distribution of microstates in macrosystems. Boltzmann's formula for calculating the thermodynamic probability.  
	1
	5

	8
	IWS 2. Completion of the IWS 2 on the topic: «Effect of concentration and temperature on average ionic activity coefficient of ions in solution».
	1
	10

	9
	Lec 9.  Distribution functions of Gibbs ensembles. Boltzmann's Law on energy distribution of molecules.
	1
	

	9
	Sem 9. Using the Boltzmann model to calculate the energy distribution of molecules for different microstates.
	1
	5

	10
	Lec 10 According to the state of the molecular compound: translational, rotational, vibrational, electronic and nuclear rotation.
	1
	

	10
	Sem 10. Calculation of the total molecular sum according to the state of real substances.
	1
	10

	10
	IWST 4. Consultation on the implementation of the IWS 3 on the topic: «The influence of the nature of the solvent on the average ionic coefficient of the ion activity in the solution».
	1
	

	Module 3
Theories and problems of kinetics of chemical and electrochemical processes

	11
	Lec 11 Theoretical and applied aspects of active collision theory.
	1
	

	11
	Sem 11. Application of active collision theory for monomolecular reactions. Lindemann hypothesis.  
	1
	10

	12
	Lec 12 Theoretical and applied aspects of activated complex theory. Eyring's model.
	1
	

	12
	Sem 12. Determination and analysis of the rate constant of chemical reactions based on active collision and activated complex theories.  
	1
	10

	12
	IWST 5. Completion of the IWS 3 on the topic: «The influence of the nature of the solvent on the average ionic coefficient of the ion activity in the solution».
	1
	10

	13
	Lec 13 Statistical and thermodynamic justification of the activated complex theory.
	1
	

	13
	Sem 13. Determination of exponential factor and activation entropy based on active collision and activated complex theories.
	1
	10

	13
	IWS 3. Consultation on the implementation of the IWS 4 on the topic: « Calculate the kinetic characteristics for a real chemical reaction: rate constant, activation energy, average and instantaneous rate».
	1
	

	14
	Lec 14 Electrochemical reaction rate. Diffusion and kinetic mode of electrochemical processes.
	1
	

	14
	Sem 14. Features of chemical reactions at the solid-liquid interface.
	1
	10

	
	IWST 6. Completion of the IWS 4 on the topic:  «Calculate the kinetic characteristics for a real chemical reaction: rate constant, activation energy, average and instantaneous rate».
	1
	10

	15
	Lec 15 The theoretical basis of concentration and electrochemical polarization.
	1
	

	15
	Sem 15. Methods of determining the limiting stage of electrochemical processes.
Submission of colloquium (8-15 lectures).
	1
	10

	15
	IWST 7.  Consultation on examination issues.
	1
	

	
	LEVEL CONTROL 2
	
	100
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Head of Department		                                                                                          Ye.A. Aubakirov                                     
Lecturer                                                                                                                                     Zh.A. Supiyeva                                          



