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, 
discussion
	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@mail.ru.

	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
Introduction to the theory of molecular spectra. Registration of absorption spectra.

	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/meetup-join/19%3a3vgHRrm01uTB4zmwDElHcaKOQXbxV5ZwLf8bK_HO70E1%40thread.tacv2/1643550806355?context=%7b%22Tid%22%3a%22b0ab71a5-75b1-4d65-81f7-f479b4978d7b%22%2c%22Oid%22%3a%22d2e5e625-07fb-4e7a-bd61-11dca95897b7%22%7d 

	1
	PT 1 The nature of the spectra. Solving problems for finding the main parameters of radiation (wavelength, frequency, wave number, energy).  

	LО 1
	ID 1.1.
ID 1.2.
	2
	10
	Solve problems
	Webinar

in MS Teams/  synchronously
https://teams.microsoft.com/l/meetup-join/19%3a3vgHRrm01uTB4zmwDElHcaKOQXbxV5ZwLf8bK_HO70E1%40thread.tacv2/1643550806355?context=%7b%22Tid%22%3a%22b0ab71a5-75b1-4d65-81f7-f479b4978d7b%22%2c%22Oid%22%3a%22d2e5e625-07fb-4e7a-bd61-11dca95897b7%22%7d 

	2
	L.2 Energy states of the molecule. Separation of energy into electronic, vibrational and rotational components. Dependence of the potential energy of a molecule on the internuclear distance. Possible types of transitions of molecules from one energy state to another. Interaction of radiation with matter. Spectral lines. Formation of spectra of molecules.
	LО 1
	ID 1.1.
ID 1.3.

	1
	
	
	Video lecture

 in MS Teams/ synchronously



	2
	PT 2 Solving problems for calculating the potential energy of diatomic molecules.  
	LO 1
	ID 1.1.
ID 1.3.

	2
	10
	Analysis/ typical tasks
	Webinar

in MS Teams/  synchronously



	
	ISWT 1: 

Consultation on IWS #1 task «Fields of application of molecular spectroscopy»
	
	
	1
	5
	
	Webinar

in MS Teams


	3
	L 3 Statistical distribution of molecules by energy states. Relative population of energy states of molecules. Calculation of thermodynamic functions via sums over states.
	LО 1
	ID 1.3.
ID 1.4.
	1
	
	
	Video lecture

 In MS Teams / synchronously



	3
	PT 3 Calculation of statistical sums over states and thermodynamic functions based on spectroscopic data for specific diatomic molecules.  
	LО 1

LO 3
	ID 1.3.
ID 1.4.
ID 3.3.

	2
	10
	Analysis / typical tasks
	Webinar

in MS Teams/  synchronously



	4
	L4 Registration of the absorption spectrum. Selection rules. Transition probabilities. Spectral line intensity. Electric dipole moment. The laws of light absorption and the intensity of the bands in the spectra. Absorption band width.
	LО 4
	ID 4.1.
ID 4.2.

	1
	
	
	Video lecture

 in MS Teams / synchronously



	4
	PT 4 Solving problems on selection rules and transition probability.  
	LО 4

	ID 4.1

ID 4.2


	2
	10
	Analysis/ typical tasks
	Webinar

in MS Teams/ synchronously 



	
	ISWT 2: Completion of IWS #1 task «Fields of application of molecular spectroscopy». 
Deadline – until 23: 00 pm the current week
	LО 1

LО 3

LО 4


	ID 1.1.
ID 1.2.
ID 1.3. 

ID 3.3.
ID 4.1.
ID 4.2.
	1
	25
	
	“Univer” System 



	5
	L.5 Rotation and rotational spectra of molecules. Theory of rotational spectra. Conditions for observing rotational spectra. Rotation and rotational spectra of diatomic molecules. Rotation of polyatomic molecules. Structural information obtained from the rotational spectra of molecules.
	LО 1
LО 3
	ID 1.4.
ID 3.1.
	1
	
	
	Video lecture

 in MS Teams/ synchronously



	Module 2

Rotational and vibrational spectra

	5
	PT Solving problems on the rotational spectra of diatomic molecules. 
Examination and colloquium based on the materials of lectures 1-5.
	LО 1
LO 3


	ID 1.4.
ID 3.1.

	2
	30
	Analysis/ typical tasks
	Webinar

in MS Teams / synchronously



	5
	MC 1 (Midterm control) 
	
	
	
	100
	
	

	6
	L6 Vibrational spectroscopy. Characteristics of IR radiation. Vibrations of diatomic molecules AB. Harmonic oscillator (vibrational energy, frequency, selection rule). Anharmonic oscillator.
	LО 1
LО 3
	ID 1.4.
ID 3.1.
ID 3.2.
	1
	
	
	Video lecture

 in MS Teams / synchronously



	6
	PT 6 Solution of problems on vibrational spectra of diatomic molecules.  
	LО 1
LO 3


	ID 1.4.

ID 3.1.
ID 3.2.

	2
	10
	Analysis / typical tasks
	Webinar

in MS Teams / synchronously



	
	ISWT 3: Consultation on IWS #2 task «Rotational and vibrational spectra»

	
	
	1
	5
	
	Webinar

in MS Teams

	7
	L7 Vibrations of polyatomic molecules. Types of vibrations. Selection rules. Group fluctuations. Characteristic frequencies of IR absorption of the main classes of compounds. Structural molecular analysis by infrared absorption spectrum.
	LО 3
LО 4


	ID 3.3.
ID 4.1.
ID 4.2.
	1
	
	
	Video lecture

 in MS Teams / synchronously



	7
	PT7 Solving problems for the calculation of vibrational spectra of polyatomic molecules.
	LО 3
LO 4
	ID 3.3.
ID 4.1.
ID 4.2.
ID 4.3.

	2
	10
	Analysis / typical tasks
	Webinar

in MS Teams / synchronously



	
	ISWT 4: Completion of IWS #2 task «Rotational and vibrational spectra»

Deadline – until 23: 00 pm the current week
	
	
	1
	10
	
	“Univer” System 

	8
	L8 Raman Spectroscopy (RS). Theoretical basis. Rayleigh equation. Raman scattering. Selection rules. Areas of use.
	LО 2
LО 4
	ID 2.4.
ID 4.5.

	1
	
	
	Video lecture

 in MS Teams / synchronously



	8
	PT 8 Carrying out the identification of organic compounds by vibrational spectra.  
	LО 2

LО 4
	ID 2.3.
ID 2.4.
ID 4.5.

	2
	10
	Analysis / typical tasks
	Webinar

in MS Teams / synchronously



	8
	ISWT 5 Consultation on the implementation of IWS 3 «Equilibria in solutions of complex electrolytes»
	
	
	1
	5
	
	Webinar

in MS Teams / synchronously

	Module 3

Equilibria in solutions of complex electrolytes

	9
	L9 Electronic spectroscopy. Electromagnetic spectrum. Franck-Condon principle. Origin of absorption bands. Intensity of absorption bands. Characteristics of oscillation frequencies and electronic transitions. Electronic spectroscopy of transition metal complexes and charge transfer complexes.
	LО 2
LО 4
	ID 2.1.
ID 4.3.
ID 4.4.
	1
	
	
	Video lecture

 in MS Teams /

synchronously

	9
	PT9 Qualitative analysis of transition metal complexes by electronic absorption spectra.  
	LО 2

LO 4
	ID 2.1.
ID 4.3.
ID 4.4.

	2
	10
	Analysis / typical tasks
	Webinar

in MS Teams / 

synchronously



	10
	L10 Electronic spectroscopy. Spectrophotometric analysis of colored compounds. Types of photometric systems. Elimination of the influence of related components. Choice of optimal conditions for carrying out the spectrophotometric reaction. Sensitivity of photometric methods.
	LО 2
LО 3
LО 4
	ID 2.2.
ID 3.3.
ID 4.5.
	1
	
	
	Video lecture

 in MS Teams /

synchronously



	10
	PT 10 Quantitative analysis by electronic absorption spectra. Calculation and graphical method for determining the amount of a substance from absorption spectra. 
Examination and colloquium based on the materials of lectures 6-9.
	LО 2

LO 3

LO 4
	ID 2.2.
ID 3.3.
ID 4.5.
	2
	30
	Analysis / typical tasks
	Webinar

in MS Teams / 

synchronously



	10
	IWSP 6 Completion of  IWS #3 task «Equilibria in solutions of complex electrolytes»
Deadline – until 23: 00 pm the current week
	LО 2

LО 3

LО 4


	ID 2.1

ID 2.2 

ID 3.3

ID 4.4

ID 4.5 


	1
	10
	
	“Univer” System

	10
	МТ (MidtermExam)
	
	
	
	100
	
	

	11
	L11 Electronic spectroscopy. Methods of quantitative absorption-spectroscopic analysis. Methods for the determination of one substance. Analysis of multicomponent systems. Spectrophotometric titration method with and without indicator. Processing the results of spectrophotometric measurements.
	LO 2
LO 4

LO 5
	ID 2.2.
ID 2.3.
ID 4.5.
ID 5.1.


	1
	
	
	Video lecture

 in MS Teams / 

synchronously



	11
	PT 11 Determination of the composition of a two-component mixture by electronic absorption spectra. Calculation of the amount of a substance according to the data of spectrophotometric titration. Problem solving.  
	LО 2

LO 4
LO 5
	ID 2.2.

ID 2.3.

ID 4.5.

ID 5.1.
	2
	10
	Analysis / typical tasks
	Webinar

in MS Teams / 

synchronously



	12
	L12 Electronic spectroscopy. Application of the method of absorption spectroscopy to study equilibria in solutions. Calculation of dissociation constants of organic reagents. Determination of the composition and stability constants of complex compounds.
	LО 4
LО 5
	ID 4.4.
ID 4.5.
ID 5.2.
	1
	
	
	Webinar

in MS Teams / synchronously



	12
	PT 12 Determination of the composition and stability of complex compounds. Isomolar series method. Molar ratio method (saturation method). Problem solving.  
	LО 4

LО 5
	ID 4.4.
ID 4.5.
ID 5.2.
	2
	10
	Analysis/ typical tasks
	Webinar

in MS Teams / synchronously



	12
	IWSP 7 Consultation on the implementation of  IWS4 «Reactivity and synthesis of complex compounds»

	
	
	1
	5
	
	Webinar

in MS Teams

	Module 4

Reactivity and synthesis of complex compounds

	13
	L13 luminescent method. Basic principles. Spectra of luminescence. Qualitative luminescent analysis. Equipment for luminescent analysis.
	LО 4

LО 5
	ID 4.4.
ID 4.5.
ID 5.1.

ID 5.2.
	1
	
	
	Video lecture

 in MS Teams / synchronously



	13
	PT 13 Analysis of Luminescence Spectra of Various Compounds.
	LО 4

LО 5
	ID 4.4.
ID 4.5.
ID 5.3.

ID 5.4.
	2
	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 4

LО 5
	ID 4.4.
ID 4.5.
ID 5.1.

ID 5.2.

ID 5.4.
	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 4

LО 5
	ID 4.4.
ID 4.5.
ID 5.2.

ID 5.4.
	2
	10
	Analysis/ typical tasks
	Webinar

in MS Teams / synchronously



	
	IWSP 8 Completion of  IWS #4 task «Reactivity and synthesis of complex compounds»

Deadline – until 23: 00 pm the current week
	LО 4

LО 5


	ID 4.1

ID 4.5

ID 5.2 

ID 5.3

ID 5.5


	1
	25
	
	“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 4

LО 5
	ID 4.1.
ID 4.5.
ID 5.2.

ID 5.3.

ID 5.5.


	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.
	LО 4

LО 5
	ID 4.1.
ID 4.5.
ID 5.2.

ID 5.3.

ID 5.5.


	2
	30
	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                                          
