SYLLABUS 

Fall semester 2021-2022 academic years

on the educational program «7M05301 - Chemistry»
	Discipline’s code
	Discipline’s title
	Independent work of students (IWS)
	No. of hours per week
	Number of credits
	Independent work of student with teacher (IWST)

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

	PMS 5304
	Applied molecular spectroscopy
	98
	15
	30
	-
	5
	7

	Academic course information

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

	Online/ blended
	blended
	problematic,

review and analytical
	To solve problems, carry out laboratory work
	4
	-

	Lecturer   
	Supiyeva Zhazira
	

	e-mail
	Supiyeva.Zhazira@kaznu.kz
	

	Telephone number
	8 701 391 91 56
	


	Academic presentation of the course 


	Aim of course is to form in the student a systematic understanding of the possibilities of using molecular spectroscopy to study the structure and properties of various chemical compounds.


	Expected Learning Outcomes (LO)

As a result of studying the discipline the student will be able to:


	Indicators of  LO achievement (ID)



	
	LO 1. substantiate the composition and structure of complex compounds from the standpoint of various theories of chemical bonding
	ID 1.1 determines the degree of oxidation, the coordination number of the complexing agent, the denticity of the ligands; 

ID 1.2 determines the degree of oxidation, the coordination number of the complexing agent, the denticity of the ligands; 

ID1.3 determines the type of isomerism, the number and structural formulas of isomers of complex compounds, draws up their graphic representations; 

ID1.4 determines the geometry of complex compounds based on the concept of hybridization of valence orbitals.

	
	LO 2. interpret thermodynamic parameters of complexation processes
	ID 2.1 calculates step and general instability (stability) constants and co-proportionation constants of complex compounds;

ID 2.2 calculates the function and degree of formation of complex compounds; 

ID 2.3 determines the acid-base properties of complex compounds; 

ID 2.4 determines the redox properties of complex compounds.

	
	LO 3. compare theoretical concepts and results of physical and chemical studies to determine the structure and properties of complex compounds
	ID 3.1 explains the structure of complex compounds based on the method of valence bonds, crystal field theory, ligand field theory; 

ID 3.2 determines the parameters of splitting by a crystal field, color and magnetic properties of complex compounds; 

ID 3.3 chooses the most suitable physicochemical method for the study of complex compounds.

	
	LO 4. explain the reasons for the formation and destruction of complex compounds depending on the nature of the initial components and environmental conditions
	ID 4.1 establishes the relationship between the position of the element in the periodic system D.I. Mendeleev and the ability to complex formation; 

ID 4.2 builds a relationship between the structure of the atoms of elements and their ability to form certain classes of chemical compounds; 

ID 4.3 explains the reasons for the change in the complexing ability of elements in periods, groups and subgroups;
ID 4.4 evaluates the change in the strength of complex compounds of elements with different ligands;
ID 4.5 selects the conditions for the formation and destruction of complex compounds.

	
	LO 5. predict the possibility of synthesis and use of complex compounds in various fields of science and production
	ID 5.1 composes the equations for the synthesis of complex compounds
ID 5.2 predicts the chemical properties of complex compounds with various ligands; 

ID 5.3 draws up a plan for the study of a complex compound; 

ID 5.4 establishes the relationship between the properties of the complex compound and the areas of its possible application.

	Prerequisites
	Advanced chapters of inorganical chemistry, Advanced chapters of analytical chemistry,

	Post requisites
	Thermodynamics and kinetics of sorption processes, Basics of obtaining of composite materials, Reactivity of Solids

	Information resources
	Literature:
1. Fundamentals of Molecular Spectroscopy [Banwell, Colin N.] on Amazon.com. ... Publisher: ‎ McGraw-Hill Book Co Ltd; 3rd edition (May 1, 1983).
2. Chang R. Basic Principles of Spectroscopy, Krieger, 1978.
3. Молекулярная спектроскопия: основы теории и практика: Учебное пособие / Под ред. проф. Ф.Ф. Литвина. - М.: НИЦ Инфра-М, 2013. –263 с.
4. Пентин Ю.А., Курамшина Г.М. Основы молекулярной спектроскопии. – Лаборатория знаний Бином, 2013. – 398 с.
5. Ельяшевич М.А. Атомная и молекулярная спектроскопия: Общие вопросы спектроскопии. - Книжный дом "ЛИБРОКОМ", 2014. – 240 с.
6. Молекулярная спектроскопия: основы теории и практика: Учебное пособие / Под ред. проф. Ф.Ф. Литвина. - М.: НИЦ Инфра-М, 2013. - 263 с. 
7. Фриш С.Э. Оптические спектры молекул: Учебное пособие. - СПб.: Издательство " Лань", 2010. - 656 с. // http://e.lanbook.com/view/book/625/




	Academic policy of the course in the context of university moral and ethical values
	Academic Behavior Rules: 

All students have to register at the MOOC. The deadlines for completing the modules of the online course must be strictly observed in accordance with the discipline study schedule.  

ATTENTION! Non-compliance with deadlines leads to loss of points! The deadline of each task is indicated in the calendar (schedule) of implementation of the content of the curriculum, as well as in the MOOC.

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 zhazyra@gmail.com.

	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:

	weeks
	Topic name
	LO
	ID


	amountof hours 

	Maximum score

	Form of Knowledge Assessment 

	The

Form of the lesson

/ platform



	Module 1

	1
	L.1 Introduction to the theory of molecular spectra. Molecular spectroscopy, general principles, classification and application. Units of measurement and designations adopted in spectroscopy. Characteristics of electromagnetic radiation. Classification of types of spectroscopy by regions of the electromagnetic spectrum.
	LО 1
	ID 1.1.;
ID 1.2
	1
	-
	Self-control of the student
	Video lecture

 in MS Teams/ synchronously
https://teams.microsoft.com/l/team/19%3aAwWYdSfDpgHTz3RSRGSaH9EIcxqmv2KP3vDv_7Exmkg1%40thread.tacv2/conversations?groupId=f1fa0bb2-f217-4e6c-a18d-b2b6827eec65&tenantId=b0ab71a5-75b1-4d65-81f7-f479b4978d7b 

	1
	PT 1 Internal energy, heat, work, their physical and thermodynamic values, their relationship (showing differences in properties A, Q, (U, (Q, (A), solving problems.  

	LО 1
	ID 1.1.
ID 1.4
	1
	8
	Solve problems
	Webinar

in MS Teams/  synchronously
https://teams.microsoft.com/l/team/19%3aAwWYdSfDpgHTz3RSRGSaH9EIcxqmv2KP3vDv_7Exmkg1%40thread.tacv2/conversations?groupId=f1fa0bb2-f217-4e6c-a18d-b2b6827eec65&tenantId=b0ab71a5-75b1-4d65-81f7-f479b4978d7b

	2
	L.2 Heat capacity, its dependence on various factors. Mayer's equation. Temperature dependence of the thermal effect of a chemical reaction, Kirchhoff's equation.
	LО 1
	ID 1.1.;

ID 1.3;

ID1.4


	1
	
	
	Video lecture

 in MS Teams/ synchronously



	2
	PT 2 Temperature dependence of the heat capacity of chemicals. Methods for calculating the thermal effect of a chemical reaction.  
	LO 1,

LO 2
	ID 1.3;

ID 1.4

ID 2.1

ID 2.2

ID 2.5
	1
	10
	Analysis/ typical tasks
	Webinar

in MS Teams/  synchronously



	
	ISWT 1: 

Consultation on IWS #1 task «Calculate the thermal effects and the change in heat capacity at 298 K; sum up the temperature dependences of changes in heat capacity and thermal effects and calculate their numerical value with a step of ∆Т=100К in the range of 298-1000K»
	
	
	1
	
	
	Webinar

in MS Teams


	3
	L 3 Application of the first law of thermodynamics to various processes involving ideal gases.
	LО 1
	ID 1.3,
ID 1.4
	
	
	
	Video lecture

 In MS Teams / synchronously


	3
	PT 3 Calculation of thermal effects of chemical reactions and phase transitions at different temperatures. The increase in the enthalpy of an individual substance depends on temperature. Work to increase the ideal gas in different conditions.  
	LО 1
LO 2

LO 3
	ID 1.3;
ID 1.4;

ID 2.1

ID 2.2

ID 2.5


	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams/  synchronously


	Module 2

	4
	L4  The second law of thermodynamics, its concepts. Carnot cycle and Carnot's principle. Efficiency of an ideal heat engine. Entropy.
	LО 1
	ID 1.1

ID 1.2

ID 1.3

ID 1.4


	1
	
	
	Video lecture

 in MS Teams / synchronously


	4
	PT 4 Calculation of changes in the internal energy and enthalpy of a substance in various temperature ranges under conditions of constant pressure and volume.  
	LО 2
LO 3
	ID 2.1
ID 2.2

ID 2.5

ID 3.1
	1
	10
	Analysis/ typical tasks
	Webinar

in MS Teams/ synchronously 



	
	ISWT 2: Completion of IWS #1 task «Calculate the thermal effects and the change in heat capacity at 298 K; sum up the temperature dependences of changes in heat capacity and thermal effects and calculate their numerical value with a step of ∆Т=100К in the range of 298-1000K». Deadline – until 23: 00 pm the current week
	LO 1
LO 2

LO 3
	ID 1.1
ID 1.4

ID 2.1

ID 2.2

ID2

 2.5

ID 3.1
	
	10
	
	“Univer” System 



	5
	L.5 Entropy is a criterion for the direction of the process (constructive condition). Equations for calculating the change in entropy in various processes. Planck's postulate.
	LО 1
	ID 1.2
ID 1.4
	1
	
	
	Video lecture

 in MS Teams/ synchronously


	5
	PT Calculation of the change in the entropy of a chemical reaction at various temperatures based on the standard absolute entropy of substances and the temperature dependence of the heat capacity. 
Examination and colloquium based on the materials of lectures 1-5.
	LО 2
LO 3

LO 4
	ID 2.1
ID 2.2

ID 2.5

ID 3.1

ID 4.1

ID 4.2
	1
	10
	Analysis/ typical tasks
	Webinar

in MS Teams / synchronously


	5
	MC 1 (Midterm control) 
	
	
	
	100
	
	

	6
	L6 Thermodynamic potentials. Characteristic functions and their natural variables. Comparative characteristics of thermodynamic functions ((U, (H, (S, (F, (G) as a criterion for the direction of the process.
	LО 1
	ID 1.1
ID 1.2

ID 1.4
	1
	
	
	Video lecture

 in MS Teams / synchronously


	6
	PT 6 Calculation of the change in entropy of various processes in the presence of ideal gases and standard absolute entropy of matter.  
	LО 2

LO 3

LO 4
	ID 2.1.
ID 2.2

ID 2.5

ID 3.1

Id 4.1

ID 4.2
	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams / synchronously


	
	ISWT 3: Consultation on IWS #2 task «Calculate the change in entropy of this reaction (consider the equation) with a step of 298 K and ∆Т=100К in the range of 298-1000K»

	
	
	
	
	
	Webinar

in MS Teams

	Module 3

	7
	L7 Chemical potential, its relationship with thermodynamic functions and composition of the system. Chemical potential of a component in ideal and real solutions. Activity, activity coefficient.
	LО 1
	ID 1.2

ID 1.3

ID 1.4
	
	
	
	Video lecture

 in MS Teams / synchronously


	7
	PT7 Calculation of changes in Gibbs and Helmholtz energies at different temperatures for thermodynamic processes and chemical reactions.
	LО 2

LO 3
	ID 2.1.
ID 2.2

ID 2.5

ID 3.1

ID 3.3
	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams / synchronously


	
	ISWT 4: Completion of IWS #2 task «Calculate the change in entropy of this reaction (consider the equation) with a step of 298 K and ∆Т=100К in the range of 298-1000K»

Deadline – until 23: 00 pm the current week
	LO 1
LO 2

LO 3
	ID 1.1
ID 1.4

ID 2.1

ID 2.2

ID 2.5

ID 3.1
	
	10
	
	“Univer” System 

	8
	L8 Homogeneous equilibrium, its features and conditions. Isothermal equations of chemical reactions and directions of processes for various homogeneous systems. The law of mass interaction and the equilibrium constant of a chemical reaction.
	LО 1
	ID 1.1
ID 1.2

ID 1.4
	1
	
	
	Video lecture

 in MS Teams / synchronously


	8
	PT 8 Equations of equilibrium constants and their relationship, depending on various forms of the chemical reaction equation and various methods of expressing the composition of the reaction mixture, solving problems.  
	LО 2

LO 3

LO 4
	ID 2.2
ID 2.3

ID 2.4

ID 2.5

ID 3.3

ID 4.2

ID 4.3
	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams / synchronously


	8
	ISWT 5 Consultation on the implementation of IWS 3 «Write the equations expressing the constants Кр, Кс and Кх; generalize the relationship between Kp and Kc, Kp and Kx for this reaction; solve the isotherm equation for a given reaction»
	
	
	
	
	
	Webinar

in MS Teams / synchronously

	9
	L9 Temperature dependence of the equilibrium constant. Isobaric and isochoric Van't Hoff equations.
	LО 1
	ID 1.2
ID 1.3

ID 1.4
	1
	
	
	Video lecture

 in MS Teams /

synchronously

	9
	PT9 Le Chatelier-Brown principle of mobile equilibrium Analytical and graphical calculation of the equilibrium constant, heat effect and entropy of a chemical reaction.  
	LО 2

LO 3
	ID 2.1
ID 2.2

ID 2.5

ID 3.1
	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams / 
synchronously


	Module 4 

	10
	L10 Phase, components, constituent. Heterogeneous chemical systems, equilibrium conditions in them. Gibbs Phase Rule. Clapeyron-Clausius equation. Description of the state of the water diagram by the Clapeyron-Clausius equation and the Gibbs phase rule. Phase transitions of types 1 and 2, their features.
	LО 1
	ID 1.1

ID 1.3

ID 1.4
	1
	
	
	Video lecture

 in MS Teams /
synchronously


	10
	PT 10 Influence of pressure on the melting point, evaporation and flash evaporation (sublimation) of a substance. Determination of triple point coordinates on the curves of flash evaporation (sublimation) and evaporation. 
Examination and colloquium based on the materials of lectures 6-9.
	LО 2
LO 3

LO 4
	ID 2.1
ID 2.2

ID 2.3

ID 2.4

ID 3.3

ID 4.2

ID 4.3
	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams / 
synchronously


	10
	IWSP 6 Completion of  IWS #3 task «Write the equations expressing the constants Кр, Кс and Кх; generalize the relationship between Kp and Kc, Kp and Kx for this reaction; solve the isotherm equation for a given reaction»
Deadline – until 23: 00 pm the current week
	
	
	
	
	
	“Univer” System

	10
	МТ (MidtermExam)
	
	
	
	100
	
	

	11
	L11 Melting diagram of a two-component system: one-eutectic systems, systems in which components interact chemically (forming compounds with congruent and incongruent melting points). Solid solutions, their formation by penetration and displacement. Melting diagram of solid solutions. Gibbs-Rosebohm Rules I and II.
	LO 1
	ID 1.1
ID 1.2

ID 1.4
	1
	
	
	Video lecture

 in MS Teams / 
synchronously


	11
	PT 11 The number of degrees of freedom in phase planes (parts) on the melting diagram, in phase planes (parts), on curves of phase transitions, in invariant (nonvariant) equilibria. Cooling curve, number of phase transitions and degrees of freedom of the cooling curve. Node, the rule of the lever.  
	LО 2
LO 3

LO 4
	ID 2.1
ID 2.2

ID 2.5

ID 3.3

ID 4.2

ID 4.3
	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams / 
synchronously


	12
	L12 Solubility of two and three liquids in each other. Methods for displaying the composition of a three-component system. Tarasenkov's rule. Crisis melting points. Extraction.
	LО 1
	ID 1.1

ID 1.3

ID 1.4
	1
	
	
	Webinar

in MS Teams / synchronously


	12
	PT 12 Comparative analysis of diagrams of two- and three-component systems consisting of poorly soluble liquids.  
	LО 2
LO 3
	ID 2.1
ID 2.2

ID 2.5

ID 3.1

ID 3.3
	1
	10
	Analysis/ typical tasks
	Webinar

in MS Teams / synchronously


	12
	IWSP 7 Consultation on the implementation of  IWS4 «Write an equation that expresses the relationship between the standard isobaric potential and the equilibrium constant. Thermodynamically substantiate the influence of concentration, temperature and pressure of reagents and products on the above equilibrium system»

	
	
	
	
	
	Webinar

in MS Teams

	13
	L13 Thermodynamic properties of ideal liquid solutions. Real solutions. Raoult's law. Thermodynamic substantiation of the linear dependence of the total and partial vapor pressure on the composition of the system for ideal systems.
	LО 1
	ID 1.1
ID 1.2

ID 1.3

ID 1.4


	1
	
	
	Video lecture

 in MS Teams / synchronously


	13
	PT 13 The equation of interaction of liquid and vapor phases in ideal systems, its consequences. Deviations from Raoult's Law and Reasons for Deviations.
	LО 2
LO 3
	ID 2.1
ID 2.2

ID 2.5

ID 3.1
	1
	10
	Analysis/ typical tasks
	Webinar

in MS Teams / synchronously


	14
	L14 Boiling point (vapor pressure) - composition (t, P - x) diagrams. Gibbs-Konovalov laws I and II.
	LО 1
	ID 1.1
ID 1.3

ID 1.4
	1
	
	
	Video lecture

 in MS Teams / synchronously


	14
	PT 14 Analysis of boiling diagrams. Boiling point (vapor pressure) is the ratio between the components of the liquid and vapor phases (y-x) in the composition diagrams.  
	LО 2
LO 3
	ID 2.1
ID 2.2

ID 2.5

ID 3.1
	1
	10
	Analysis/ typical tasks
	Webinar

in MS Teams / synchronously


	
	IWSP 8 Completion of  IWS #4 task «Write an equation that expresses the relationship between the standard isobaric potential and the equilibrium constant. Thermodynamically substantiate the influence of concentration, temperature and pressure of reagents and products on the above equilibrium system»
Deadline – until 23: 00 pm the current week
	LO 1
LO 2

LO 3
	ID 1.1
ID 1.4

ID 2.1

ID 2.2

ID 2.5

ID 3.1
	
	10
	
	“Univer” System 



	15
	L15 Ebuliometry. Cryometry. Determination of the molecular weight and molecular state of the solute from cryometric or ebuliometric data. Isotonic Van't Hoff coefficient.
	LО 1
	ID 1.1
ID 1.3

ID 1.4
	1
	
	
	Video lecture

 in MS Teams / synchronously


	
	PT 15 Features of the application of the Schroeder-Le Chatelier equation in cryometry and thermal analysis Osmosis. 
Examination and colloquium based on the materials of lectures 11-14.
	
	
	1
	10
	Analysis / typical tasks
	Webinar

in MS Teams / synchronously


	
	MC 2
	
	
	
	100
	
	


[Abbreviations: QS - questions for self-examination; TK - typical tasks; IT - individual tasks; CW - control work; MT - midterm.

 Comments:

- Form of L and PT: webinar in MS Teams / Zoom (presentation of video materials for 10-15 minutes, then its discussion / consolidation in the form of a discussion / problem solving / ...)

- Form of carrying out the CW: webinar (at the end of the course, the students pass screenshots of the work to the monitor, he/she sends them to the teacher) / test in the Moodle DLS.

- All course materials (L, QS, TK, IT, etc.) see here (see Literature and Resources, p. 6).

- Tasks for the next week open after each deadline.

- CW assignments are given by the teacher at the beginning of the webinar.]

Dean                                                                                                                                           Kh.T. Tassibekov 
Chairman of the Methodological Council 
                                                             R.A. Mangazbayeva





Head of the Department

                                                                                          Ye.A.Aubakirov                                     




Lecturer                                                                                                                                    Zh.A.Supiyeva                                          
