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Mathematics II (MATH201) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (2rd level) 
Code MATH201 
Subtitle Introductory linear algebra 
Semester(s) in which the 
module is taught 

Fall, Spring (II, III) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Mathematics 
D. Purevsuren, Ph.D.  

Department Department of Mathematics, Algebra team 
Lecturer Associate professor, G. Bayarmagnai, Ph.D.  

Senior lecturer, B. Bayarjargal, Ph.D. 
Senior lecturer, T. Khulan, Ph.D. 

Language Mongolian 
Relation to curriculum Elective major course 
Webpage  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours1 
Seminar     (32 hours)                                     16 hours  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.   

Recommended 
prerequisites 

 

Module 
objectives/intended 
learning outcomes 

This core course aims at introducing students to the fundamental concepts of linear 
algebra culminating in abstract vector spaces and linear transformations. The 
course starts with systems of linear equations and some basic concepts of the theory 
of vector spaces in the concrete setting of real linear n-space, Rn. The course then 
goes on to introduce abstract vector spaces over arbitrary fields and linear 
transformations, matrices, matrix algebra, similarity of matrices, eigenvalues and 
eigenvectors. The subject material is of vital importance in all fields of mathematics 
and in science in general. 

                                                
1 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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On successful completion of this course unit students will be able to 
 solve systems of linear equations by using Gaussian elimination to reduce the 

augmented matrix to row echelon form or to reduced row echelon form; 
 understand the basic ideas of vector algebra: linear dependence and 

independence and spanning; 
 be able to apply the basic techniques of matrix algebra, including finding the 

inverse of an invertible matrix using Gauss-Jordan elimination; 
 know how to find the row space, column space and null space of a matrix, and 

be familiar with the concepts of dimension of a subspace and the rank and 
nullity of a matrix, and to understand the relationship of these concepts to 
associated systems of linear equations; 

 be able to find the eigenvalues and eigenvectors of a square matrix using the 
characteristic polynomial and will know how to diagonalize a matrix when this 
is possible; 

 be able to recognize and invert orthogonal matrices; 

 be able to orthogonally diagonalize symmetric matrices; 
 be able to find the change-of-basis matrix with respect to two bases of a vector 

space; 
 be familiar with the notion of a linear transformation and its matrix.  

Content Lecture/Seminar 
 Introduction 
 Systems of linear equations 

 Matrix algebra 

 Elementary matrices 

 Determinant 

 Vector geometry 
 Vector spaces 

 Linear dependence 

 Eigen values and eigen vectors 

 Orthogonality of Rn 

 Quadratic forms 

 Linear transformation 

 Matrix of linear transformation 

 Inner product spaces 

 Orthogonal matrices 

 Spectral theorem 
 Jordan normal form 

Study and examination 
requirements and forms of 
examination 

Семинар (25 points): Семинарын хичээл бүр дээр гэрийн даалгавар өгнө. 
Семинарын бодлогыг ганцаарчилан, хосоор, багаар бодож гүйцэтгэлийг 
шалгуулна.  
Бие даалт (1×15=15 points): Бие даалтыг бодлого бодох хэлбэрээр өгдөг. Бие 
даалтыг XI долоо хоногт 28 хоногийн хугацаатай бие даан гүйцэтгэнэ. 
Үнэлгээний шалгуур гаргаж, түүний дагуу оюутны гүйцэтгэлд үнэлгээ өгөх ба 
оюутан хийсэн ажлаа багшид хамгаална.  
Явцын шалгалт (20 points): Шалгалтыг 1 удаа, VIII долоо хоногт I-VII долоо 
хоногт үзсэн агуулгаар бичгийн шалгалт хэлбэрээр зохион байгуулна. Үүнд 
сонгох хариулттай даалгавар, үнэн/худал даалгавар, асуулт, бодлого 
хэлбэрүүд багтана. Гүйцэтгэх хугацаа 90 минут. 
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Оюутан өөрийн лекц, семинар, лабораторийн дэвтрийг нээлттэй ашиглаж 
болно.  
Шалгалтыг ажлын 5 хоногт багтаан засаж, СИСИ системийн О1 хэсэгт 
дүнг оруулдаг.  
Улирлын шалгалт (40 points): Шалгалтыг XVII-XIX долоо хоногт бүх үзсэн 
агуулгаар бичгийн шалгалт хэлбэрээр зохион байгуулна. Үүнд сонгох 
хариулттай даалгавар, үнэн/худал даалгавар, асуулт, бодлого зэрэг багтана. 
Гүйцэтгэх хугацаа 90 минут.  
Оюутан өөрийн лекц, семинар, лабораторийн дэвтрийг нээлттэй ашиглаж 
болно. Улирлын шалгалтыг ажлын 5 хоногт багтаан засаж, СИСИ 
системийн О3 хэсэгт дүнг оруулдаг. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video гэх мэт 

Reading list 1. Nicholson, W. Keith, Linear algebra with applications, Third Edition 
2. http://ocw.mit.edu/courses/mathematics/18-06-linear-algebra-spring-

2010/index.htm 
3. Linear Algebra, S.H. Friedberg, A.J. Insel, L.E. Spence, Third Edition. 

Prentice Hall, 1999. 
4. Linear Algebra and Its Applications, 3rd Edition, Gilbert Strang 
5. А. Мекей, Шугаман алгебр ба геометр 
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Mathematics III (MATH202) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (2nd level) 
Code MATH202 
Subtitle Introductory multi-variable function 
Semester(s) in which the 
module is taught 

Fall, Spring (II, III) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Mathematics 
D. Purevsuren, Ph.D.  

Department Department of Mathematics, Algebra team 
Lecturer Associate professor, J. Davaadulam, Ph.D.  
Language Mongolian 
Relation to curriculum Elective major course 
Webpage  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours2 
Seminar     (32 hours)                                     16 hours  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according to 
the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The student 
is obliged to submit valid evidence along with a request for taking the exam to 
instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

MATH101 or MATH102 

Module 
objectives/intended 
learning outcomes 

General Education Learning Outcome: The primary General Education Learning 
Outcome for this course is Quantitative Reasoning, which is to understand and apply 
mathematical concepts and reasoning, and analyze and interpret various types of 
data. 
As a result of successfully completing this course, students should be able to 
demonstrate the following: 
 Analyze and interpret quantitative data verbally, graphically, symbolically and 

numerically. 
 Appropriately integrate technology into mathematical processes. 

                                                
2 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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 Use mathematical concepts in problem-solving through integration of new 
material and modelling  

Learning Outcomes of the Course 
 Determine the limits, derivatives, gradients, and integrals of multivariate 

functions 
 Solve problems in multiple integration using rectangular, cylindrical and 

spherical coordinate systems 
 Select and apply appropriate models and techniques to define and evaluate line 

and surface integrals; these techniques will include but are not limited to 
Green’s, Divergence, and Stoke’s theorems 

 Find the radius and interval of convergence of a power series. Find Taylor and 
Fourier series of a function. 

Content 1. Partial Derivatives 
a. Functions of several variables 
b. Limits, continuity 
c. Partial derivatives  
d. Tangent planes and Linear Approximations 
e. Directional Derivatives and the Gradient Vector 
f. Higher order derivatives 
g. Implicit function theorem. 
h. Maximum and minimum Values 
i. Lagrange Multipliers 

2. Multiple Integrals 
a. Double Integral over Rectangles 
b. Double integrals over General Regions 
c. Double integrals in Polar Coordinates 
d. Applications of Double Integrals 
e. Triple Integrals 
f. Triple Integrals in Cylindrical Coordinates 
g. Triple Integrals in Spherical Coordinates 
h. Applications of Triple Integrals 
i. Change of Variables in Multiple Integrals 

3. Vector Calculus 
a. Vector Fields 
b. Line integrals  
c. Green’s Theorem 
d. Parametric Surfaces and their Areas  
e. Surface integrals 
f. Stoke’s Theorem 
g. The Divergence Theorem 

4. Function Series 
a. Sequences of Functions and Function Series 
b. Convergence Tests 
c. Power Series 
d. Taylor Series 
e. Orthogonal functions 
f. Fourier Series 

Study and examination 
requirements and forms of 
examination 

1. Student Attendance and Homework (30% of the grade) 
2. Midterm (30% of the grade) 
3. A cumulative final exam (40% of the grade) 



6 
 

Media employed  
Reading list 1. О.В.Бесов, Лекции по математическому анализу, М.ФИЗМАТЛИЗ 2014, -

480С  
2. Б.П.Демидович, Сборник задач и упражнений по математическому 

анализу, - М.: АСТ: Астрель 2010, - 580С 
3. Ц.Лхамсүрэн, Математик анализ 2, Улаанбаатар 2006,  229 х. 
4. Ц.Лхамсүрэн, Математик анализ 3, Улаанбаатар 2007,  294 х 
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General chemistry (CHEM205) 
(for students Natural Science and Engineering) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (2rd level) 
Code CHEM 205 
Subtitle Introductory general chemistry 
Semester(s) in which the 
module is taught 

Fall, Spring (III, IV) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, general chemistry team 
Lecturer Associate professor, N.Amgalan, Ph.D.  

Senior teacher, N.Shurkhuu, Ms. 
Language Mongolian 
Relation to curriculum Elective major course 
Webpage https://sites.google.com/site/inorg99/ 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours3 
Laboratory (48 hours)                                     48 hours 
Self- study (0.5CP) 

Credit points (CP) 3 credit points (Lecture – 2.0 CP,  Laboratory – 1.5 C, self-study-0.5CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

High school chemistry  
CHEM100, (Chemistry in Context) 

Module 
objectives/intended 
learning outcomes 

Chemistry involves a dynamic and engaging study of the material world. It is a field 
of human endeavour based on the broad understanding of physical concepts and 
models which are united by common procedural and intellectual processes. 
Chemistry and the work of chemists have a profound impact on the environment, 
quality of life and on social and cultural practices. 
Student Learning Outcomes:  
Students abilities to  

                                                
3 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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 organize, interpret and evaluate chemical information in order to draw 
conclusions, make decisions  

 chemical principles will be introduced on a need-to-know basis. 

 develop analytical and critical thinking skills for scientific problems they 
encounter in everyday life. 

 have the skills of independent work in a chemical laboratory and carrying 
chemical analysis. 

 carry out self- reflection, self-control and self-esteem in the process of chemical 
education. 

 know ways to calculate various indicators of the chemical system: pH or pOH 
solution, water hardness, freezing point and boiling point of solutions of strong 
and weak electrolytes and others. 

 comminicate with in different directions ethics and others; 
Content Lecture 

 Chemistry: An introduction research methods 

 Chemical energy 

 Atoms; Are they for real? 
 Periodic Table  

 Chemical bonding. VB Theory  

 Intermolecular force 

 The law of gases 

 Properties of liquid 
 Properties of solid crystals 

 Solution and solutions properties 

  Concentrations of solutions 

 Electrolytic solvents 

 Rates of reaction, factors that affect reaction rates 

 Chemical equilibrium 

 Oxidation reduction reactions 

 Electron transfer energy 
 Laboratory: 
 Basic laboratory Operations and safety and guidlines. 

 Laboratory techniques. Cleaning glassware and heating a drying technique 
handling chemicals..  

 Basic method for separating a mixture on physical properties of the components 
of the mixture. Filtration, Distillation and Recrystallization. 

 Preparing solution: Percent, molar and normal. 

 Strong and weak electrolytes. 

 An introduction to oxidation reduction reaction. Oxygen and hydrogen 

 Electrochemical cells.. 

 Factors affecting reaction rates. 
Study and examination 
requirements and forms of 
examination 

There will be one term examination and one final examination for each mini 
semester course. There will be weekly assignments due. 
An incomplete (INC) is a temporary notation and as such will not remain on the 
student’s academic record beyond the date set for completion of the course work. 
Since academic decisions concerning such matters as scholarships and academic 
standing are made within a reasonable time after the end of term, it is necessary 
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that final grades be recorded on the student’s academic records prior to those 
decisions being made. 
Mid term exam (30 points): A test (a collection of tasks with multiple choice 
answers) allows checking the level of knowledge of a large group of students 
quickly. Assessment is carried out ‚automatically‘ item analysis method. Questions 
will be set in Mongolian and must be answered in Mongolian.  
Lecture assignments (10 points) Lecture assignment will be at 14th week and 
assessed the next week. Think-aloud protocols4 assignment have 10 points. 
Lecture attendance and participation are 15% of the total score. 
Laboratory (100×8 = 800 (30points): Practical work will be assessed by the basis 
of a set of laboratory reports of experiments carried out during the candidates’ 
course of study.  
Final exam (30 points):  
The end-of-semester exam’s test will include problem solving questions, selected-
response items (true/false, multiple choice questions and matching) which covers 
whole content of lecture, seminars and laboratory. 
Grading: 
We will convert the final average to a letter grade according to the following 
scheme: 

 90-100   A 

 80-89  B 

 70-79  C 

 60-69  D 

 0-59  R (failing grade) 
Media employed MS PowerPoint, Projector, notebook or personal computer,  Animation, Video гэх 

мэт 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/inorg99/ 
1. David G.Chirchil How to prepare for General chemistry taught in English, 

2010  
2. С.Дондог, Ц.Даржаа ба бусад Eрөнхий хими органик биш химийн 

лабораторын ажлууд I дэвтэр У.Б, Соёмбо принтинг,2000 Лабораторын 
дэвтэр, У.Б. МУИС пресс-2017 

3. С.Дондог, Ц.Даржаа, Ч.Нямгэрэл, Д.Дорж Ерөнхий Органик биш химийн 
лабораторын ажлууд II. У.Б. Соёмбо принтинг, 2013 

                                                
4 As the name implies, think aloud protocols ask students to verbalize what they are thinking as they solve a problem. 
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General physics (PHYS280) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (2nd level) 
Code PHYS280 
Subtitle Introductory classical physics 
Semester(s) in which the 
module is taught 

Fall, Spring (III, IV) 

Person responsible for the 
module 

Head, Department of Physics 
N.Tuvjargal, Ph.D.  

Department Department of physics 
Lecturer Senior Lecturer, G.Erdene-Ochir, Ph.D.  

Associate professor, N.Tuvjargal, Ph.D. 
Senior Lecturer, Sh.Munkhjargal, PhD 

Language Mongolian 
Relation to curriculum Elective major course 
Webpage  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                    64 hours5 
Seminar     (16 hours)                                     32 hours 
Laboratory (24 hours)                                    24 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 0.5 CP, Laboratory – 0.5 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

MATH101 or MATH102  

Module 
objectives/intended 
learning outcomes 

- Students will study the basic concepts and fundamental laws of physics through 
mechanics, oscillation, thermodynamics, electricity, magnetism and optics.  

- Students will learn how to use mathematical methods and techniques to solve 
physics problems.  

- Students will gain their knowledge by studying the relationship of physics with 
other natural science fields and learn to give scientific interpretation of natural 
phenomena.   

                                                
5 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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- In order to develop student’s skills including problem solving, collaboration and 
communication, they will work together on exercises as a team in the classroom. 

- By performing physics experiments in the laboratory, students will learn skills 
to use laboratory equipment, to plan and design experiments and to collect and 
record data.  

- They will also learn how to analyze experimental data, prepare a laboratory 
report and interpret the results scientifically using physics laws and concepts.  

Content Lecture/Seminar 
 Quantities of physics, their units, vector and scalar quantities.  
 Motion along a straight line. Motion in two and three dimensions.  

 Newton’s laws. Type of forces.  

 Work and energy. Kinetic and potential energy. Conservation of energy.  

 Linear momentum. Conservation of linear momentum.  

 Rotation. Rolling. Torque and angular momentum.  

 Fluids. Archimedes’ principle. The equation of continuity.  

 Oscillations and waves. The Doppler Effect.  

 Temperature and heat. Kinetic theory of gas. 

 Laws of thermodynamics. Entropy. 

 Electric charge and electric fields. Gauss law. Electric potential.  
 Capacitance. Current and resistance. Electric circuits.  

 Magnetic fields. Faraday’s law of induction.  

 Electromagnetic oscillations. Maxwell’s equations.  

 Geometric optics. Images. Refraction and reflection. Polarization.  

 Interference and diffraction of light. 
Study and examination 
requirements and forms of 
examination 

Seminar (31 points):  
 Attendance (6 points): A student who has not missed the class or missed for 

justifiable excuse shall receive 6 points. Each absence for unjustifiable excuse 
results minus 2 points. A student who has missed the class for unjustifiable 
excuse for 3 times or more shall receive a grade ‘F*’, which means 
unsatisfactory, according to 4.6.12.4*.  

 Mini exam (8 points): Students will take 4 points-mini exam 2 times, which 
continues for 30 minutes.  

 Homework (12 points): Homework will be given 6 times for the semester and 
each has 2 points. Students should apply their homework within a week to the 
instructor.  

 Classroom participation (5 points): Participation of student will be graded up 
to 5 points. Contributions from individual student or role of student in his/her 
team to solve problems and quizzes in the classroom are counted as 
participations.  

Laboratory work (8×3=24 points): Students will conduct 8 experiments during first 
12 weeks of semester in the physics laboratories. Each experimental work is 
evaluated up to 3 points.  
Attendance to lecture (10 points): A student who has not missed the lecture or 
missed for justifiable excuse shall receive 10 points. Each absence for unjustifiable 
excuse results minus 2 points. A student who has missed the class for unjustifiable 
excuse for 5 times or more shall receive a grade ‘F*’, which means unsatisfactory, 
according to 4.6.12.4*. 
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Midterm exam (15 points): Students will take a midterm exam in 8th week of 
semester and examination continues for 90 minutes. Results of the exam will be 
introduced to students individually within 2 weeks after day of examination.  
Final exam (20 points): Students take the final exam at end of semester once. 
Examination which covers all contents of the course will continue for 90 minutes 
and include single choice tests and computational works. Results of the final exam 
will be assessed and introduced in the SISI system within a week after day of 
examination.  

Media employed MS PowerPoint, Projector, notebook or personal computer, animation, video, 
demonstration with equipment.  

Reading list Lecture book, seminar and lab handbook: 
1. Halliday. D, Resnick. R, Walker. J, “Fundamentals of Physics”, 8th-10th ed., 

2007-2014, John Wiley & Sons, Inc. (Үндсэн сурах бичиг).  
2. Demberel. L, “Practicum of physics laboratory”, Bit press Co., Ltd, 2012.  
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General biology (BIOL200) 

Curriculum BSc in natural sciences 
Course level Junior (2nd level) 
Code BIOL200 
Subtitle  
Semester(s) in which the 
module is taught 

Fall, Spring (III, IV) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Biology 
N.Soninkhishig, Ph.D.  

Department Department of Biology 
Lecturer Associate professor, S.Shar Ph.D 

Lecturer Ch.Oyundari, M.Sc 
Language Mongolian 
Relation to curriculum Compulsory elective course 
Webpage https://sisi.num.edu.mn/sisi_v4/modules/menu/menu.ashx 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture      (32 hours)                                     64 hours6 
Seminar     (32 hours)                                     16 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

An inquiry-based introduction to concepts in biology.  Research-oriented activities 
will emphasize the skills and attitudes necessary for understanding and conducting 
scientific inquiry.  

Module 
objectives/intended 
learning outcomes 

- Knowledge: Biological sciences study variety of a structure and functions of 
alive organisms, their progress and relationship with an inhabitancy. For 
example, a cell and individual progress of organisms, a structure and functions 
of a cell, evolution of a cell, a cellular membrane, a metabolism and 
transformations of energy in a cell. And Mendel’s Law of Segregation and 
Independent assortment, the cell cycle,  mitosis and cytokinesis , Prokaryotic 
cell division, meiosis and sexual reproduction, Ecology of populations, 
demographics of population, population crowth models and regulation of 
population size, community ecology ecosystems and human interferences, 
History of evolutionary thought, Darwin’s theory of evolution, microevolution, 
nature selection and macroevolution, factors that influence evolution, origin 
and history of life, classification of living things.  

                                                
6 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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- Skills: use computers and other modern technology to conduct and report 
scientific research, demonstrate understanding of the theory of evolution and 
related concepts, critically evaluate scientific informations. 

- Competences: demonstrate understanding of the skills and attitudes necessary 
for effective teamwork, demonstrate and apply awareness of the significance of 
biology (and other sciences) to themselves and society. 

 Content Lecture/Seminar 
1. Structural characteristics of prokaryotic and eukaryotic cells 
2. Cell structure, organelles and organelle functions 
3. Cell growth and process of cell division 
4. Mendelian genetics, genetic change and mechanisms of heredity 
5. Role of nucleic acids in the cell  
6. Mechanisms of protein synthesis and regulation of gene expression 
7. Types and effects of Genetic mutations 
8. Basic concepts of variation, natural selection, and speciation 
9. Ecological principles  
10. Community ecology 
11. Ecology of populations 
12. Ecosystem 
13. Darwin and Evolutionary principles  
14. Process of Evolution (microevolution, macroevolution) 
15. Natural selection 
16. Adaptation 

Study and examination 
requirements and forms of 
examination 

Grading is based on a variety of activities that are categorized as: 
 60% Scientific content (Tests, Quizzes, and Final Exam) 

 30% Scientific communication (Essays, Draft and Final Papers/Poster, Oral 
presentations) 

 10% Assignments 
Students success in cooperating as a research team will also be evaluated 
throughout the course.  On some assignments, group grades may be part of 
individual grade. Points for a number of assignments will be based on rubrics.   
All assignments are due on the assigned due date.   Late work is not accepted except 
in the event of a medical or other emergency or an approved university 
event.  Written documentation must be provided in evidence of such an 
emergency.  Final exams can only be taken at their scheduled time. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video 
Reading list To be selected by Instructor 
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Introduction to spatial and environmental use (GEOG200) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (2nd level) 
Code GEOG200 
Subtitle  
Semester(s) in which the 
module is taught 

Fall, Spring (III, IV) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Geography 
P.Myagmartseren, Ph.D. 

Department Department of Geography 
Lecturer Lecturer, D. Ganpurev, MS. 

Lecturer, Ch. Zaya, MS. 
Lecturer, N. Enkhtuya, MS. 

Language Mongolian 
Relation to curriculum Compulsory elective course 
Webpage  
Type of teaching, contact 
hours and workload 

            Contact hours                                     Self-study 
Lecture      (32 hours)                                     64 hours7 
Seminar     (32 hours)                                     16 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

GEOG100 or GEOG101 

Module 
objectives/intended 
learning outcomes 

- To have general knowledge of the spatial structure, form and type of 
environment; 

- Why is planning required? - understand the form of planning and its social needs 
- Explore a variety of instruments of the nature and spatial planning theory, 

methodology and planning methods, and learn about the different planning 
tools. 

- Obtain an understanding of the environment, the environment and the nature of 
the environment, and draw conclusions and exercise their ability to reflect and 
express their opinions; 

- To have a comprehensive understanding of environmental planning and to use 
environmental planning data and information, to analyze and evaluate; 

                                                
7 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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- Based on the above knowledge, skills and information, you will be able to 
identify the areas of studying and studying other undergraduate programs in SAS 

Content Lecture/Seminar 
 Basic understanding of the use of environmental and spatial use  
 Classical theories of spatial planning  
 About theoretical and spatial planning models  
 Types and levels of environmental and spatial planning  
 Urban planning and planning design  
 About land use  
 Land use planning  
 Environmental planning and protection  
 Use of air and air space  
 Soil, crop and soil protection  
 Surface water use and protection  
 Waste management and planning  
 Territory and regional planning with ecological restrictions. Use of subsoil and 

mineral resources types of mining  
 The use and planning of forest and green facilities 
 Planning, Agriculture, Open Plots, Biodiversity Conservation and Use 

Study and examination 
requirements and forms of 
examination 

Seminar (10 points): Assignments for each seminary and examines 5 times (2x5 = 
10.0). Lecturers will note that the content of assignment is not overlapping. 
Participation (attendance) (15 points): If student not participated in lecture or 
seminar, 1 point will be deducted from 15 possible points.  
Assignment (15 points): The assignment will be given once. Report within the open 
topic relating to the course. Assign the assignment to 12 weeks and examine it for 
the 14th week. 
Midterm exam (20 points): Medterm exam is carried out once in the first 9 weeks 
by the test. 
Final exam (40 points): Students take the final exam at end of semester once. 
Examination which covers all contents of the course will continue for 90 minutes 
and include single choice tests and computational works. Results of the final exam 
will be assessed and introduced in the SISI system within a week after day of 
examination. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video 
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Reading list 1. Ministry of Nature and Environment, (2005). Compilation of "Environmental" 
legal documents, UB 

2. Ya. Lkhagvasuren (2011) "Horticulture agroplot" UB. 

3. G. Purevtseren (2000): Land management, UB 

4. B. Chimid (2011): "Urban green area and basis of landscape dendrology" UB, 

5. Ulaanbaatar University (2012): " Urban green area" UB.  

6. Arustamov. E.A. (2002). Nature management. Moscow, 

7. Muravey L.A. (2002).  Environmental protection: ecology, pollution and 
management. Unity. Moscow 

8. ADB (2012): "Key indicator for Asia and the Pacific" (43th edition), "Special 
Chapter: Green urbanization in Asia" 

9. Amati, M. (Eds.) (2008): Urban green belts in the twenty first century, Ashgate 
Publishing Limited, England 

10.  Campbell.S (Eds) (2006): "Readings in planning theory"(2nd Ed.), Blackwell 
Publishing.  

11.  GTZ (2004): "Land use planning and urban transport", Rossdorf, Germany 

12.  GIZ (2012): Land use planning-concept, tools, applications"   

13.  J.Kaiser, R.Godschalk (1995): “Urban land use planning”, Chicago. 

14.  FAO (1996). Land husbandry, components and strategy. Rome 

15.  Levy, John M. (2008): "Contemporary urban planning"(8th Ed.). New Jersey: 
Prentice Hall. 

16.  J.Randolf (2004): "Environmental land use planning and management", 
London 

17.  Philip Kivel (1993): “Land and the city (Patterns and processes of urban 
change)”, London and New York. 

18.  UN-HABITAT (2010): "The state of Asian cities", Nairobi, Kenya 

19.  World Bank (2013): "Sustainable urban land use planning" Course material, 
Module 1 

20.  World Bank (2013): "Cities on the move-urban transport", Washington World 
Bank (2013): "Sustainable urban land use planning" Course material, Module 
1, Washington  

21.  http://alain-
bertaud.com/AB_Files/AB_Transcript_1_use_urban_planning.pdf 
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General chemistry I (CHEM201) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (2nd level) 
Code CHEM 201 
Subtitle Compounds structure and properties  
Semester(s) in which the 
module is taught 

Fall, Spring (III, IV) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, general and inorganic chemistry team 
Lecturer Associate professor, N.Amgalan, Ph.D.  

Seniour lecturer, Ch.Nyamgerel, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/inorg99/surgalt/bakalavr/ 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours8 
Seminar     (16 hours)                                     8 hours 
Laboratory (24 hours)                                     - 
Project 
Presentation 
https://sisi.num.edu.mn/ocw/1001071/5441/pages/MN/coursehome.htm 

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 0.5 CP, Laboratory – 0.5 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

High school chemistry (General knowledge for chemistry) 

Module 
objectives/intended 
learning outcomes 

At the end of the course, the student can: 
- Ability to demonstrate knowledge and understanding of essential facts, basic 

chemical concepts, principles and theories relating to the general chemistry;  
- Specific issues in general chemistry studies include logic thinking, interpreting 

causes, and expressing their views in solving problems.  
- Ability to interpret data derived from laboratory observations and measurements 

in terms of their significance and relate them to appropriate theory. 
- Ability to present the results of scientific work and arguments in writing and 

orally; 

                                                
 



19 
 

- Skills in the safe handling of chemical materials, taking into account their 
physical and chemical properties and hazards; 

- Computational and data-processing skills, relating to chemical information and 
experimental data.  

- Be able to communicate, write and communicate native language and secondary 
language skills. 

- Basic interpersonal skills, relating to the ability to interact with other people and 
to engage in teamworking  

Content Lecture 
This course provides an introduction to the chemistry of inorganic and organic 
molecules. The emphasis is on basic low and principles of atomic and molecular 
electronic structure, acid base. The course is gives second year students an 
opportunity to learn and master the basic chemistry lab techniques for carrying out 
experiments.  
Summary of lecture 
Introducing fundamental concepts of chemistry for all major undergraduates 
Topics of quantum chemical theory, phases, and thermodynamics  

 Chemical compounds 

 Common and distinctive characteristics of substances and chemicals 

 Quantum Chemical Calculation: Atomic and Molecular Structure 

 Laws of chemistry 

 Definitions of Thermodynamic Terms 

 Mixture, solution 
 Quantum Mechanics  

 Hydrogen Atoms and Shell Model  

 Midterm exam 

 Chemical bonding 1, VSPER. 

 Chemical bonding 2. VB Theory 
 Chemical bonding 3 LCAO, Band theory 

 Intermolecular force 

 The Gaseous State. 
Seminar 
 Matter world and chemical compounds. Basic laws of chemistry 

 Thermochemistry 

 Shell Model of atoms and periodic table 

 Chemical bondings  

 Intermolecular force 

 Properties of mixture. 
Laboratory 
 Orientation: Introduction , Work Instructions, and Laboratory Safety 

Methods of cleaning chemical compounds.  
 Determine the chemical equivalents using the characteristic properties of 

gases 
 Calorimetry 

 Determine the molecular mass of dissolved solvent to prepare a specific 
concentration of solution. 

Study and examination 
requirements and forms of 
examination 

The grades will be given based on the following policy, and will be managed 
centrally. There will be one term examination and one final examination for each 
mini semester course. There will be weekly assignments due. 
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Seminar (20 points): Continuous assessment enhances student activity and students 
usually make a very effective use of the time allocated for a course unit. Assign the 
assignments to each lesson assigned to the 5 points. A total of 40 points for 8 
seminars will be transferred to 18 points. 
The seminars will be guided by the principles of performance evaluation and will 
be carried out by analytic and holistic rubric. Based on the performance of the 
seminar, feedback on the learning activities of the students will be followed. The 
attendance is recorded by each after the lesson by SISI. (0.25 points x 16 lectures 
= 4 points) 
Laboratory (100×6 = 600) 20 points): Practical work will be assessed by the basis 
of a set of laboratory reports of experiments carried out during the candidates’ 
course of study. Maximum of 600 points collected from 6 laboratories will be 
converted to 20 points in the final term. 
Self Assessment (20 points): Take two assessments for lecture contents. The 
performance of the first self-assessments will be performed within 8 week and the 
second assessment performed on the 15th week and assessed the quality of problem 
solving exercises by 8 points each. The performance of the first self-assessment will 
be carried out by community assessment. Based on the lecture assessment, it is 
recommended to provide feedback on the students' learning activities. 
Mid term exam (10 points): The progress of the exam is accomplished by two 
writing papers (with the selection and assignment). Exam points (60-70) to 10 
points. The "item analysis" in test results will provide students with information and 
advice on the subjects (lectures, seminars, laboratories). Based on the progress of 
the course, follow up the principle of providing feedback on student learning 
activities.  
The final exam score is completed within 5 working days and typed into on the O1 
section of the SISI system. 
Final exam (30 points): Final exam is to be submitted in written or oral form and 
a total of 30 points. The details of the final exam will be given at the beginning of 
each term. Lectures, seminars, and laboratories are divided to 6 sections, each of 
which contains brief descriptions and give students beginning of semester. Student 
select three subjects to pull out during the exam. One theme is 10 points, total 3 x 
10 points = 30 points. Exam takes 90 minutes. 
Final exam scores are updated within 5 working days and typed into O3 section of 
the SISI system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sites.google.com/site/inorg99/surgalt/bakalavr 
1. Ц. Даржаа, Ерөнхий хими. УБ., Софекс, 2016. 
2. С. Дондог, Химийн бодлого дасгалын хураамж. УБ. 1999 
3. С.Дондог, Ц.Даржаа ба бусад Ерөнхий химийн лабораторын ажлууд, 

УБ., УБ, 2001, 3 дахь хэвлэл, Эдмон ХХК, УБ., 2006 
4. Лабораторын ажлын дэвтэр, МУИС пресс, 2017 
5. M. Silberberg, Chemistry: The molecular nature of matter and change. 

Boston McCrow-Hill, 2006 
6. Chang Raymond, Chemistry, Boston, McGraw Hill, 2005 
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General chemistry II (CHEM202) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (2nd level) 
Code CHEM202 
Subtitle Principles of chemical reactions 
Semester(s) in which the 
module is taught 

Spring (IV) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Professor Ts.Darjaa, Ph.D.  

Associate professor, N.Amgalan, Ph.D. 
Senior lecturer Ch. Nyamgerel, Ph.D 
Senior lecturer N. Syurhuu, master 

Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/inorg99/surgalt/bakalavr/chem-202 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours 
Seminar     (16 hours)                                     16 hours 
Laboratory (24 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 0.5 CP, Laboratory – 0.5 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not attend in 1/3 of the courses (lectures, seminars, or 
laboratories), the teacher will mark the F * within the 15-16 week of the session. 
This assessment is considered for student as a F grade. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  

Recommended 
prerequisites 

CHEM201 (General chemistry I) 

Module 
objectives/intended 
learning outcomes 

Course learning outcome  
CLO1. To demonstrate the knowledge of theory on the properties and structure of 
organic and inorganic substances. 
CLO2. To use the theoretical and principle knowledge of chemical kinetics, 
thermodynamics, and equilibrium when perform experiment and problem-solving.   
CLO3. To know problem-solving methods to find parameters (pH, relative reaction 
rate, …) which describe the characteristics of chemical systems. 
CLO4. To demonstrate own understanding on responsibility of chemists, 
professional, and safety. 
CLO5. To logically explain chemical reaction and principle, herein, explain the 
chemical and physical methods which used to solve the problem, based on the 
scientific background. 
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CLO6. To express the result of general chemistry experiment by appropriate type 
(table, charts, papers), and to explain the physical meaning of mathematical 
expressions representing the basic chemical laws and principles. 
CLO7. To explain the basics of used processing methods (type of graphs, 
quantitative methods) based on the quantity range and the nature of the 
measurement. 
CLO8. To have right attitude as a scientific on environmental and sustainable 
development issues, and to be able to analyze the causes of own attitude. 
CLO9. To discuss on how the development of the thermodynamic, kinetic, 
equilibrium theory impacts to techniques, technology and industry, and its 
consequences to social (economic, environmental, etc); and to explain chemistry 
theories basics of this. 
CLO10. To make a joint-decision, think over; and to have speaking and writing skills 
on native and secondary language. 
CLO11. To manage, supervise and monitor the own learning; to self-acquire 
chemistry knowledge and skills.  
CLO12. To discuss and analyze ethical and normative rules of communication, co-
operation, scientific thinking and causality. 
CLO13. To acquire the accurate, organized, responsible, independent and creative 
qualities of the chemistry specialist. 
CLO14. To evaluate and participate in debates on chemistry and other societal 
sectors. 

Content Lecture/Seminar 
 Kinetics: Rates and Mechanisms of Chemical reactions 

 Theories of chemical reaction kinetics. Catalysis 

 Equilibrium: The Extent of Chemical Reactions 

 Acid-Base Equilibria (Arrhenius acid-base definition, Proton Transfer and the 
Bronsted-Lowry Acid-Base definition, Electron-Pair Donation and Lewis Acid-
Base definition) 

 Ionic Equilibria in Aqueous Systems (Equilibria of Acid-Base buffer systems, 
Equilibria of Slightly soluble ionic compounds) 

 Thermodynamics: Direction of Chemical Reaction 

 Electrochemistry: Redox reaction and electrochemical cells 

 Voltaic cell: standard and non-standard cell 

 Electrochemical processes in Batteries, a case of environmental 
electrochemistry 

 Electrolytic cells 

 Nuclear reaction: radioactive decay and nuclear stability, application of 
radioisotopes, application of fission and fusion 

Laboratory 
 Chemical reaction rate and Equilibrium 

 Strong electrolyte. Acidity of solution. pH 

 Solubility Product Constant of Slightly soluble ionic compounds. Common ion 
effect and solubility 

 Electrolysis. Voltaic cell 
Study and examination 
requirements and forms of 
examination 

Lecture (20 point) 
Lecture assignments (16 point). First lecture assignment will be at 8th week, second 
lecture assignment will be at 15th week and both assessed the next week. Every 
assignment have 8 points. 
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Lecture attendance (4 point). The attendance for each lecture is 0.25 points (0.25 
points х 16 lecture = 4 points) 
Seminar (20 point) 
Seminar attendance (2 point). The attendance for each seminar is 0.25 points (0.25 
points х 8 seminar = 2 points), and the attendance will record in each seminar. 
Performance in seminar (18 point). Each assignment in the class and at the home 
will assigned 5 marks. Each assignment at the class and the home will assigned 5 
marks. Total 40 marks of 8 seminars will transfer to 18 points. Analytic and holistic 
rubrics will be used as a scoring tools of assessment. 
Laboratoty (20 point) 
Please check the criterions on assessing each laboratory works from the laboratory 
work notebook.  
Point allocation of the assessment of laboratory works: 

∙ Review test    1 points (5%) 
∙ Laboratory performance    5 points (25%) 
∙ Notes taken on laboratory work notebook    14 points (70%) 

The final score will be from the average score of 8 laboratory works  
Midterm exam (10 point) 
The midterm exams which include problem solving questions, selected-response 
items (true/false, multiple choice questions and matching) will be taken in the 8th 
week of the semester and within the subjects studied between weeks 1 to 7. 
Guidance of the misterm exam’s which shown item type and topics will be given at 
the beginning of the semester. 
The marks of the midterm exam (60-70 marks) will transfer to 10 point.  
After exam, according to the result of midterm exam’s Item analysis, students will 
be provided information and advice on the subject (related topics of lecture, 
seminars and laboratory). Otherwise, based on the achievement of the midterm 
exam, follow up the principle to provide with feedback to student and support the 
learning. 
End-of-semester exam (30 point) 
The end-of-semester exam’s test will include problem solving questions, selected-
response items (true/false, multiple choice questions and matching) which covers 
whole content of lecture, seminars and laboratory. Guidance of the end-of-
semester exam’s which shown item type and topics will be given at the beginning 
of the semester. The marks of the end-of-semester exam (80-90 marks) will 
transfer to 30 point. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model 
Reading list 1. Ts.Darjaa, General chemistry. UB., ADMON printing, 2016. 

2. S.Dondog, Chemistry problems and exercises. UB. 1999 
3. Dondog S., Darjaa.Ts et al., Laboratory works of General and Inorganic 

chemistry, I part: General chemistry, UB., Urlukh erdem printing, 1999 /2nd 
edition: UB, 2001, 3rd edition, ADMON printing, UB., 2006/ 

4. С Dondog S., Darjaa.Ts et al., Laboratory works of General and Inorganic 
chemistry, II part: Inorganic chemistry, UB., Urlukh erdem printing, 2001 /2nd 
edition: UB, Publishing House of NUM, 2013/ 

5. M.Silberberg, Chemistry: The molecular nature of matter and change. Boston 
McCrow-Hill, 2006 

6. Chang Raymond, Chemistry, Boston, McGraw Hill, 2005 
7. Laboratory workbook, NUM press, 2017 
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Analytical chemistry (CHEM302) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM302 
Subtitle  
Semester(s) in which the 
module is taught 

Fall, Spring (V, VI) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, analytical chemistry team 
Lecturer Professor, O.Bolormaa, Ph.D.  

Associate professor, Ch.Buyan, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours9 
Seminar     (32 hours)                                     16 hours 
Laboratory (48 hours)                                     - 
Project 
Presentation  

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

General Chemistry-II, CHEM 202 
Organic chemistry-I, CHEM 204 

Module 
objectives/intended 
learning outcomes 

Course learning outcomes are:  
1. Ability to use chemical equilbrium in certain analytical system  
1.1. Define the real and ideal systems  
1.2. Describe the relationship equilbrium constants in real and ideal systemts 
(thermodynamic concentrated) for homogenoues and heterogenous systems based 
on the law of mass act. 
1.3. Calculate equilbrium parameters in an analytical system using equilibrium 
systems (active, constant of activation, equilibrium concentrations, general 
concentrations, side effects, and interference factors) 
1.4. Solve the eqiulbrium problems in the homogenoues and heterogenous systems  

                                                
9 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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1.5. Mono and polyprotic acids. Demonstrate the pH for mono and plyprotic acids. 
1.6. Apply chemical eqiulbrium in buffer system  
2. Ability to select from qualitative and quantitative analysis methods appropriate 
to the given object. 
2.1. Identify cations and anions by means of a qualitative analysis in the given 
object (sample). Prepare samples for analysis (sampling, samples preparation, and 
calibration) 
2.2. Predict and conclude the composition of compound substances based on 
qualitative analysis 
2.3. Select the appropriate method of quantitative analysis based on the 
composition, properties, and analysis of the substances (titrimetric method  based 
on neutralizaion, oxidation, precipitation and complexation reactions and  
gravimetric  analysis method) 
 2.4. Plan experiment using selected method (titrimetric method, titrant, indicator, 
gravimetric method-selection of precipitate)  
2.5. Conduct accurate experiment and measure  
2.6. Analyze the experimental results using matematical statistics and evaluate the 
data 

Content This course will cover the following subjects: chemical analysis, analytical methods, 
requirement for the analysis, common reactions used in the analysis, chemical 
meterology, quantitative analysis8 chemical equilibra (homogenous and 
heterogeneous system), butter solutions, complexation8 precipitation and 
redox  reactions kinetic factors for the other analysis, titrimetry, gravimetry and 
kinetic biochemistry methods and other classical analytical methods which are 
widely used. 
Lecture/Seminar 
1. What's analytical chemistry?. Principles of analytical chemistry. Historical 

aspects of analytical chemistry. General steps of chemical analysis. 
2. Chemical equilibrium in homogenises system. Equilibrium and 

Thermodynamics. Protic Acids and Bases. Strengths of Acids and Bases.   
3. Constant of Equilibrium. pH. Activity. Ionic strength. Theories of acid and 

bases. 
4. Monoprotic Acids and Bases. Polyprotic Acids and Bases. Fractional 

Composition Equations.idation-reduction reactions). Le Chatelier's Principle. 
Ladder diagrams. 

5. Ladder diagrams. Buffer solutions. Buffer Solutions. 
6. Heterogeneous system. Solubility. Product of solubility.     
7. Metrological aspects in Analytical chemistry. Evaluating Analytical Data. 

Characterising Measurements and results. Characterising Experimental errors. 
8. Obtaining and preparing Samples for analysis. 
9. Overview of Titrimetry. Titration method's classification.Indicators for 

titrations.   
10. Titrations Based on Acid-Base reactions. Acid-base titration curves. Selecting 

and evaluating the End point. Quantitative applications. 
11. Titrations Based on Redox reactions. Redox titration curves. Selecting and 

evaluating the End points. Quantitative applications 
12. Precipitation titrations. Titration curves. Selecting and evaluating the End 

points. Quantitative applications. 
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13. Titrations Based on Complexation reactions. Chemistry and Properties of 
EDTA. Complexometric EDTA Titration curves. Selecting and evaluating the 
End points. Quantitative applications. 

14.  Ravimetric methods of Analysis. Overview of Gravimetry. Precipitaion 
Gravimetry. Theory and practice. Qualitative and quantitative applications. 

Laboratory 
 Qualititative analysis for cations mixture solutions 

 Qualititative analysis for anions mixture solutions 

 Qualititative analysis for unknown salts  

 Calibration of volumetric glassware.  Acid-base titration. Determination 
ammonia in the ammonium chloride with standard 0.05N HCl.  

 Redox titrations Determination iron (II) content in salts of Mora with standard  
0.01н.  KMnO4. Determination of Cu by redox titration with standard 0.01н.  
Na2S2O3.   

 EDTA titration of water hardness in drinking water. 

 Determination of crystalline water in crystalline chloride crystals by 
gravimetric method  

Study and examination 
requirements and forms 
of examination 

Seminar (16 points): Full attendace on seminars, participate actively on the 
board, do homeworks, and perform mini-tests. Absences will be excused only for 
medical reasons or in the case of extreme necessity.  
Laboratory (8×2=16 points): Safety is always the first priority in any laboratory. 
The grade is based on lab pre-write-ups, lab reports, and your lab notebook.  
Project (16 points): Select from the teacher's subjects and read through their own 
textbooks and learn from their own textbooks, and write them in a timely manner. 
Season twice in VI and XIII. 
Self assessment (12 points): After completion of a specific topic, complete the task 
to examine the student's knowledge and skills. Once a semester, written in VIII 
weekly. The timing is 90 minutes.  
Exam (40 points): The examination is organized as a written examination of all 
content in the XVII-XIX week. These include assignments, true/false tasks, 
questions, and policies. The timing is 90 minutes. 
Students can use their lectures and seminars on their own. Quarterly checks are 
updated within 5 working days and summarized in the SISI system 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video etc.  

Reading list Lecture notes, seminar and lab materials on webpage: 
1. Г. Сүхдорж. Аналитик хими.- УБ: 2006 
2. С. Даваасүрэн, О. Болормаа. Г. Сүхдорж, А. Мөнгөнцэцэг, Ч. Буян. 

Аналитик химийн дадлагын ажлууд.- УБ: 2015 
3. Г. Сүхдорж, О. Болормаа, Т. Энхдөл. Аналитик химийн бодлого дасгалын 

хураамж.- УБ, 2014 
4. D. Harvey. Modern analytical Chemistry 1st ed. McGraw-Hill Companies.UK. 

2000 
5. “Аналитик хими” хичээлийн лабораторийн ажлын дэвтэр. Эмхэт. С. 

Даваасүрэн, О.Болормаа, О. Алтанцэцэг, Ч. Буян.- УБ: 2015 
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Organic chemistry I (CHEM204) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (2nd and 3rd levels) 
Code CHEM204 
Subtitle Fundamentals of organic chemistry 
Semester(s) in which the 
module is taught 

Fall and Spring (IV, V) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, organic chemistry team 
Lecturer Associate professor, D.Rentsenmyadag, Ph.D.  

Associate professor, B.Munkhjargal, Ph.D.  
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/organikhimimuis/   
Type of teaching, contact 
hours and workload 

                   Contact hours                              Self-study 
Lecture       (32 hours)                                    64 hours10 
Seminar      (32 hours)                                    16 hours 
Laboratory (48 hours)                                    - 

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. Within XV-XVI weeks, the instructor shall assign a grade F* to the student 
who is not attended 1/3 of one of the course forms (lecture, seminar or laboratory). 
This grade is equal to a grade F for the student.  
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

CHEM201 (General chemistry I) 

Module 
objectives/intended 
learning outcomes 

“Students know that/know how to/are able to…” 
- Knowledge: familiarity with information, theory and/or subject knowledge 
- Skills: cognitive and practical abilities for which knowledge is used 
- Competences: integration of knowledge, skills and social and methodological 

capacities in working or learning situations11  
Course learning outcomes: 

                                                
10 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
11  Cf. European Commission: Proposal for a Recommendation of the European Parliament and the European Council on the 

establishment of the European Qualifications Framework for lifelong learning, COM (2006) 479 final, 2006/0163 (COD), 
Brussels 05/09(2006.  
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- Students are able to name, illustrate or represent, and identify whatever organic 
compounds by using conceptual knowledge of the composition, classification, 
nomenclature, molecular structures or bonding, configuration, stereochemistry 
in organic chemistry.   

- Students will have a firm foundation in the physico-chemical property and 
reactivity of organic molecules as well as in types (SN, SE, SR, E, A), 
thermodynamics, kinetics, and mechanisms of organic reactions. Consequently, 
they will have abilities to determine an active centers, a type and to describe or 
write a mechanism for simple organic molecules. 

- Students will understand of safe handling of chemicals and will gain experience 
in performing common techniques or methodologies (filtration, dissolution, 
evaporation, drying, extraction and reflux) in organic laboratories.  

- Students are able to determine the physico-chemical properties (melting point, 
density, optical activity), and are able to separate, purify, and identify organic 
compounds by common methods such as recrystallization, acid-base extraction, 
chromatographic (TLC and column), and spectroscopic methods (IR, 13C-NMR, 
and Mass spectroscopy).   

- Students will be able to use the professional programs, and to retrieve and 
properly cite necessary information from SDBS website or other informational 
sources. Students will be skilled in problem solving, critical thinking and 
analytical reasoning as applied to scientific problems. Also, students will learn 
to accurately record and analyze the results of experiments, and to create correct 
scientific explanation, discussion and conclusion. They will be able to clearly 
communicate the results of scientific work in oral, written and electronic formats 
to both scientists and public at large. They will have a tendency to communicate 
and share their ideas or knowledge with others in a respectful way. Students will 
be able to function as a member of an interdisciplinary problem solving team.  

- They will be eager to research knowledge and to become a persistent, 
responsible, well-organized and ethical decision-making individual.  

Content Lecture/Seminar 
 Classification, nomenclature and structural representation of organic 

compounds 

 Isomerization and 13C-NMR spectroscopy  
 Bonding, hybridization, Lewis and resonance structure in organic molecules 

 MO bonding theory, conjugated system or aromaticity 

 Configurations in aliphatic and cyclic hydrocarbons 

 Geometric and optical stereochemistry  

 Theories, thermodynamics, kinetics and factors of acid-base reactions 

 Types, mechanisms, thermodynamics, kinetics of organic reactions, reactive 
species (radical, nucleophile and electrophile) and the structure-reactivity 
relationship 

 Mechanisms, thermodynamics, kinetics, equilibrium, intermediates, radical or 
carbocation stability, specificity and selectivity of organic reactions including 
substitution (SN, SR), addition (AE, AN, AR), elimination (E1, E2) 

 Identification of structures of simple organic molecules by spectroscopic 
methods such as IR, UV-vis and 1H-NMR, and mass spectrometry 

Laboratory 
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 Determination of physical properties (a melting point, refractive index and 
density), optical activity (R and S), and thin layer chromatography of solid 
compounds  

 Identification of unknown organic compounds using their physical properties, 
optical activity and spectral data 

 Separation, purification and identification of organic compounds by 
recrystallization, chromatographic methods (thin layer and column 
chromatographs), extraction (acid-base), and simple or fractional distillations  

Study and examination 
requirements and forms of 
examination 

Seminars (20 points): During a semester, seminar exams can be taken through the 
contents of lectures and seminars courses four times in IV, VII, XII and XVI weeks. 
Each seminar exam has 3 scores (4×3 score=12). Besides, students shall be 
awarded by 4 scores for classroom-activity, 1 for attendance, and 3 for performance 
of homework assignments, respectively. Homework assignments develop students’ 
skills of critical thinking and analytical reasoning. Feedback is given on exam 
problems at a seminar after taking an exam. 
Laboratory (17+3=20 points): A student should collect a total of 20 scores from this 
course. Of which, 17 points are assigned to laboratory 8 experiments and 3 points 
to a final lab exam. Each laboratory experiment is evaluated by 30 points which are 
allocated to the following parts: 

 prelab quizzes                5  

 experimental                 10 
 results and analysis       6  

 results discussion          3  

 post lab quizzes             5  

 conclusion                     1 
Laboratory 8 experiments are carried out and totally evaluated by 240 (8×30) 
points. At the end of the course, the 240 points must be converted into 17 points. In 
the last laboratory class, students will take a final lab exam which covers the 
contents of all laboratory experiments.  
Self-study (2×10=20 points): A total score for two self-studies is 20 points (2×10). 
Students receive the first self-study assignment in IV week and submit it in VII week. 
The second one is received in IX week and submitted in a XVI. Self-studies can be 
delivered via SISI system and a student can work independently or on a team within 
three weeks. Mostly, self-studies cover inquiry-based problem sets. Each problem 
set is scored by 4-6 points according to 4-5 criteria. A total score for a self-study is 
optional, but a final score should be converted into 10. A self-study shall be graded 
within two weeks and immediately informed after grading. Feedback is given at 
lectures and seminars.  
Midterm exam (20 points): It is taken once in a VIII week. The midterm written 
exam includes tests with single- and multiple-choice answers, writing reaction 
mechanisms calculating, and problem-solving assignments covering the topics 
studied for I-VII weeks. The examination period is 90 minutes in length. Within five 
working days, the exam materials should be graded and filled in an O1 window of 
SISI informational system.   
Final exam (20 points): It is taken once in the XVII-XIX week. The final exam in a 
writing form includes tests with single- and multiple-choice answers, writing 
reaction mechanisms calculating, and problem-solving assignments covering the 
topics studied for IX-XVI weeks. The examination period is 90 minutes in length. 
Within five working days, the exam materials should be marked and filled in an O3 
window of SISI system.   
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Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model 
Reading list Lecture notes, seminar and lab materials on webpage:  

https://sites.google.com/site/organikhimimuis/   
1. John McMurry. Organic Chemistry.  7nd Ed, Thomson Books Cole, USA, 2008. 
2. Thomas N. Sorrel. Organic Chemistry. 2n d Еd, University Science Books, 

Sausalito, California, 2006. 
3. Wade L.G. Organic Chemistry.  8th Еd, Prentise Hall, NJ, 2003. 
4. Монхообор Д, Цэвэгсүрэн Н.  Органик хими I Анхны хэвлэл.  УБ, Битпресс, 

2013. 
5. Janice Smith. Organic Chemistry. 3rd Еd, McGraw-Hill, 2010. 
6. Органик хими-I лабораторийн хичээлийн дэвтэр, 2017-2018 
7. Оюунцэцэг Н, Цэвэгсүрэн Н, Мөнхжаргал Б, г.м. Ерөнхий органик хими, 

УБ, Соёмбо, 2003.  
8. Жамбал Д, Ирэхжаргал Ж, Ирэхбаяр Ж. Органик хими (Стереохими), 

УБ, 2009. 
9. Joseph M. Hornback. Organic Chemistry. Brooks/Cole Publishing Company, 

1998. 
10. Carey F.A. Organic Chemistry. 6th Еd, McGraw-Hill, Higher Еducation, 2006. 
11. Smith J.G. Organic Chemistry, McGraw-Hill, Higher Еducation, 2006. 
12. Paula Y.B. Organic Chemistry, 4th Еd, McGraw-Hill, 2007. 
13. Цэвэгсүрэн Н, Монхообор Д, Дэмбэрэлнямба Д. г.м. Органик химийн 

практикум, УБ, 2000. 
14. Оюунцэцэг Н, Монхообор Д, Цэвэгсүрэн Н. г.м.  Органик химийн 1000 

тест, УБ, 2000. 
15. Шабаров Ю.С. Органическая химия, ч.1, ч.2. Москва, Химия, 1996.  
16. Нейланд О.Я. Органическая химия,  Москва, Высшая школа, 1990. 
17. Артеменко А.И. Органическая химия,  Москва, Высшая школа, 1998.  
18. Моррисон Р. Боид Р. Органическая химия,  Москва, Высшая школа, 1987. 
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Organic chemistry II (CHEM301) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM301 
Subtitle Organic chemistry II 
Semester(s) in which the 
module is taught 

Fall (V ) 

Person responsible for the 
module 

 Department of Chemistry 
D.Rentsenmyadag, Ph.D.  
G.Oyunbileg, Ph.D. 

Department Department of chemistry, Organic chemistry group 
Lecturer Associate professor, D.Rentsenmyadag, Ph.D.  

Senior Instructor, G.Oyunbileg, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/organikhimimuis/  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours12 
Seminar     (32 hours)                                     16 hours 
Laboratory (48 hours)                                     -  

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

CHEM204 (Organic chemistry I)  
 

Module 
objectives/intended 
learning outcomes 

This class discusses in detail about IUPAC nomenclature, physical and chemical 
properties of each class of organic compounds. In particular, the reactivity of 
organic compounds is considered based on their specific molecular structure. 
Radical substitution (SR) of saturated hydrocarbons, electrophilic (AE) or radical 
(AR) addition, and polymerization reactions of unsaturated hydrocarbons, and 
electrophilic substitution (SE) at the aromatic cycle of aromatic hydrocarbons, 
respectively, can be studied extensively. In addition to these reactions, nucleophilic 
substitution (SN1, SN2), elimination (E1, E2) of alcohols, nucleophilic addition (AN) 
at the carbonyl group, acylation, alkylation, and substitution at the α-carbon 
adjacent to the carbonyl group, oxidation and reduction reactions are discussed in 
detail for the reaction condition and mechanism because of their importance in 

                                                
12 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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synthetic organic chemistry. Also, kinetics and thermodynamics of the above 
mentioned reactions are studied if necessary. Furthermore, student will learn 
certain professional skills to perform synthetic reactions, to purify reagents, 
intermediates, or products of synthetic reactions and to elucidate their structures 
using modern spectroscopic methods (IR, 1Н- ба 13С-NMR, Mass and UV-vis 
spectroscopies). Contents of this class will be given at the levels of introducing, 
developing and mastering. 

Content Lecture/Seminar 
 Alkanes(structure, reactivity, reactions and synthesis) 
 Alkenes(structure, reactivity, reactions and synthesis) 

 Alkynes(structure, reactivity, reactions and synthesis) 

 Conjugated compounds 

 The chemistry of Aromatic compounds 

 Alcohols and phenols  

 Ethers and Epoxides, sulfides 

 Amines 

 Additions  to aldehydes and ketones 

 Organometallic addition 

 Oxidations and reductions of carbonyls 
 Carbonyl Addition-Substitutions and Carbohydrates 

 Carboxylic acid and Carboxylic acid derivatives 

 Biomolecules( Amino acid, peptides, and proteins) 

 Biomolecules( Lipids) 

 Biomolecules(Carbohydrates) 
Laboratory 
 Qualitative tests for alkanes,alkenes 
 Qualitative tests for Carbonyls (aldehyde and ketones).  

 Qualitative tests for (alcohols, phenols, amines, carboxylic acid)  

 Preparation of 1-bromobutane  

 Preparation of  benzoic acid from the oxidation of toluene  

 Preparation of acetylsalicylic acid (Aspirin) 

 Preparation of Sulfanilic acid 
Study and examination 
requirements and forms of 
examination 

Grading:  
Grades will be based on points earned during the semester (100 points). Points can 
be earned in the following manner:  
20 points from midterm exam (in class exam) 
20 points from final exam (in class exam) 
20 points from laboratory courses 
20 points from seminar classes 
20 points from lecture 2 take home assignments 
Lecture take home assignments (2×10=20 points): 
 Lecture has 2 take home assignments, which has each 10 points, and total 20 points. 
Take home assignment will include 4-5 written questions (inquiry based questions, 
and problem solving, critical thinking questions). Give directions for the format and 
content of take home assignment and grading rubrics. Assignment requirement, due 
dates will be given.  All take home assignments are due at 6th and 12th weeks. Late 
submission of assignments will not be accepted. Submitted take home assignments 
will be graded within 2 weeks. Graded assignments feedback will be given at lecture 
and seminar classes. 
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Seminar (20 points): Seminar classes are total 20 points. Seminar homework was 
assessed by student notebook. Seminar exams are taken 3,6,10,15 th weeks. Seminar 
exams will include (written questions). Seminar exams will be graded within a week 
and give feedback within a week. Graded assignments feedback will be given at  
seminar classes. 
Midterm (20 points): There will be one in class midterm exam in this course. The 
material for midterm exam will include that covered up  I-VII weeks lectures. On 
the midterm exam, you will be tested on your understanding of the material 
presented in class. Midterm exam will include 4-5 written questions (inquiry based 
question, and problem solving, critical thinking questions). Midterm exam  are due 
at 8th weeks. Missed midterm exam will be given a score of zero points. Midterm 
exam will be graded within a week. Graded midterm exam  feedback will be given 
at lecture and seminar classes. 
Final exam (20 points): There will be one in class final exam in this course. The 
material for final exam will include that covered up  IX-XVI weeks lectures. On the 
final exams, you will be tested on your understanding of the material presented in 
class. Final exam will include 4-5 written questions (inquiry based question, and 
problem solving, critical thinking questions). Final exam  are due at 17th weeks. 
Missed final exam will be given a score of zero points. Final exam will be graded 
within 2-4 days.  
Laboratory (20 points):  
Laboratory classes will include 8 experiments. 
Grading: 
Each laboratory class is worth a total of 30 points. The points are broken down as 
follows: 
 Prelab (5 points) 
 Prelab material will include, the current week’s material and laboratory safety. , 
students must show up to lab fully prepared, with knowledge of the safety concerns 
for all planned activities.  
 Notebook/ Procedure (10 points) During the lab period, students must follow the 
laboratory rules, work carefully and practice good time management skills. 
 Results and Discussion (9 points)  The statements in this paragraph must be 
supported by experimental results. 
Postlab  (5 points)  
Conclusion (1 point)   
 
Return of Graded work: 
Work turned in by the students every week will be graded and returned to the 
students the following week.  
 
Final Grade Calculation: 
There are eight 30 point experiments (assignments).  Experiments total 240 points, 
which will be converted to 17 points.  
Laboratory Final: 
There will be a 3 point cumulative lab final at the end of the semester.  This exam 
will cover all of the labs performed and will contain questions on safety, lab 
concepts, equipment use, etc.      

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model,  
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Reading list Lecture notes, seminar and lab materials on webpage: 
https://sites.google.com/site/organikhimimuis/ 
1. John McMurry. Organic Chemistry.  7ndEd, Thomson Books Cole, USA, 2008. 
2. Wade L.G. Organic Chemistry.  6thЕd, Prentice Hall, NJ, 2006. 
3. Thomas N. Sorrel. Organic Chemistry.2ndЕd, University Science Books, 

Sausalito, California, 2006. 
4. Монхообор Д, Цэвэгсүрэн Н.  Органик хими II. Анхны хэвлэл.  УБ, 

Битпресс, 2013. 
5. Janice Smith. Organic Chemistry. 3rdЕd, McGraw-Hill, 2010. 
6. Органик хими-II CHEM301 Лабораторийн дэвтрийн хичээл, 

Улаанбаатар, 2018 
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Instrumental methods of analysis (CHEM312) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM312 
Subtitle Introduction to instrumental chemical analysis 
Semester(s) in which the 
module is taught 

Spring (VI) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of Chemistry, Analytical chemistry team 
Lecturer Professor, O. Bolormaa, Ph.D.  

Associate professor, Ch. Buyan, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/analitikhimijnhamtlag/home 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours13 
Seminar     (32 hours)                                     16 hours 
Laboratory (48 hours)                                     -  

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. When a student does not participate 1/3 of any form of the course (lecture, 
seminar or laboratory) the instructor shall grade him/her as F* within 15th to 16th 
weeks of a semester. This grade will equally considered as grade F for students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  

Recommended 
prerequisites 

CHEM302 (Analytical chemistry) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students are able to do chemical analysis using spectroscopic methods and 
instruments.  

CLO 1.1. to prepare for analysis of the given sample (sampling, sample 
preparation, calibration); 
CLO 1.2. to select appropriate method of spectroscopic analysis based on 
interaction of light with the given sample; 
CLO 1.3. to conduct spectroscopic chemical analysis on the selected instrument 
using the selected method; 
CLO 1.4. to analyze data and to graph results; 
CLO 1.5. to apply statistical methods for evaluation of lab data and to interpret 
results properly; 

                                                
13 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 1.6. to plan similar analysis on the basis of own lab experience and others’ 
studies written in research papers; 

CLO 2. Students are able to do chemical analysis using electrochemical methods 
and instruments. 

CLO 2.1. to prepare for analysis of the given sample (sampling, sample 
preparation, calibration); 
CLO 2.2. to select appropriate method of electrochemical analysis based on 
interaction of electricity with the given sample; 
CLO 2.3. to conduct electrochemical analysis on the selected instrument using 
the selected method; 
CLO 2.4. to analyze data and to graph results; 
CLO 2.5. to apply statistical methods for evaluation of lab data and to interpret 
results properly; 
CLO 2.6. to plan similar analysis on the basis of own lab experience and others’ 
studies written in research papers; 

CLO 3. Students are able to chemical analysis using chromatographic techniques. 
CLO 3.1. to prepare for analysis of the given sample (sampling, sample 
preparation, calibration);  
CLO 3.2. to select appropriate techniques of chromatography based on physico-
chemical properties of the given sample; 
CLO 3.3. to conduct chromatographic analysis on the selected instrument using 
the selected method; 
CLO 3.4. to analyze data and to graph results; 
CLO 3.5. to apply statistical methods for evaluation of lab data and to interpret 
results properly; 
CLO 3.6 to plan similar analysis on the basis of own lab experience and others’ 
studies written in research papers; 

CLO 4. Students able to understand that chemistry is interrelated to other sciences. 
CLO 4.1. to distinguish similarities and differences within branches of chemistry 
and summarize opinions;  
CLO 4.2. to judge correlation of chemistry with other subjects by comparing 
them; 
CLO 4.3. to use the understanding in real cases in order to perform certain tasks 
at workplaces 

Content Lecture/Seminar 
 Sample preparation, performing the measurement, and calibration methods in 

instrumental analysis.  

 Light, its property. Application of light to chemical analysis. Beer-Lambert’s 
law.  

 Visible and UV absorption photometry. Basic principles, instrumentation, 
application, measurement.  

 Refractometry. Basic principles, instrumentation, application, measurement. 
 Polarimetry. Basic principles, instrumentation, application, measurement.  

 Nephelometry and turbidimetry. Basic principles, instrumentation, 
application, measurement.  

 IR spectroscopy. Basic principles, instrumentation, application, measurement. 

 Molecular luminescence spectroscopy. Basic principles, instrumentation, 
application, measurement.  

 Atomic absorption spectroscopy. Basic principles, instrumentation, 
application, measurement.  
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 Electricity, its property. Application of electricity to chemical analysis. 
Electroanalytical techniques. Electrodes, its classification and types.  

 Electrochemical cell. Electrolysis. Coulometry. Basic principles, 
instrumentation, application, measurement. 

 Potentiometry. Basic principles, instrumentation, application, measurement. 
Ion selective electrodes.  

 Conductometry. Basic principles, instrumentation, application, measurement. 

 Voltammetry. Polarography. Basic principles, instrumentation, application, 
measurement.  

 Chromatographic separations. Basic principles, classification, separation 
terms.   

 Gas chromatography. Basic principles, instrumentation, application, 
measurement. 

 Liquid chromatography. Basic principles, instrumentation, application, 
measurement. 

Laboratory 
 Determination of ferric ion concentration by absorption photometry   

 Determination of saccharose concentration by polarimetry 

 Determination of calcium chloride concentration by refractometry 

 Determination of chloride ion concentration by nephelometry 

 Determination of hydrochloric acid and boric acid concentration in a mixture 
by potentiometry  

 Determination of sodium hydroxide and sodium carbonate concentration in a 
mixture by conductometry 

 Determination of hydrochloric acid and acetic acid concentration in a mixture 
by potentiometry  

 Determination of nitrate ion concentration in fruits and vegetables using ion 
selective electrode 

Study and examination 
requirements and forms of 
examination 

Lecture attendance (4 points): On-time attendance to all lectures is required and 
active participation is highly appreciated. 
Written reports (2×6=12 points): Students will be responsible for two papers by 
groups of two or three students. Students in group should work together. The 
instructor will announce certain topics related to spectroscopic and electrochemical 
techniques that frequently employed in chemical analysis in the 6th and 13th weeks. 
Students may need to research additional sources of information. Specific 
formatting instructions will be provided. Overdue is not allowed. 
Seminar (16 points): On-time attendance is required. In-class participation such as 
solving problems on a whiteboard, asking and answering questions and 
contribution to discussion and group activities are encouraged. Homework 
assignments will be completed individually. Numerical answers must be reported 
with the correct number of significant figures and units. Graphs must be properly 
titled and all axes must be labelled. There will be two graded problem sets in this 
course. Problem sets are designed to practice problem-solving skills. Any extra 
credit will be given at the discretion of the instructor. Extra credit opportunities may 
appear in the form of classroom participation.  
Laboratory practice (8×2=16 points): Students are responsible for purchasing an 
approved laboratory notebook before the first lab period, and for bringing their 
notebook to every laboratory period. Eight laboratory periods will be completed 
and each laboratory manual will be made available in their laboratory notebook.  
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Students are sure to clearly label your laboratory notebook cover and pages with 
dates, your name, and experiment/course details. For each procedure, include the 
objective(s), notes on sample preparation and data acquisition procedures, relevant 
variables and parameters. Students must conduct laboratory experiments in pairs 
properly and accurately following the laboratory safety rules. Each student is 
responsible for submitting independent reports written in the laboratory notebook 
for every laboratory experiment. Reports must contain correctly analysed data and 
briefly summarized results and answered content questions. 
Midterm exam (12 points): Midterm exam will be held once a semester during the 
8th week after certain topics being taught. The exact date and location of the midterm 
exam will be announced. Exam may include multiple choice questions, short answer 
responses, calculations, and lab practice questions. Time allowed is 90 minutes. 
Results of exam will be announced one day later by student code. 
End-of-semester (final) exam (40 points): Final exam covers the lecture, seminar 
and lab practice materials presented throughout the semester and will be held 
during final exam week. The exact date and location of the final exam will be 
announced. It will be appeared in either writing or speaking form. Exam may 
include multiple choice questions, short answer and long answer responses, 
calculations, and lab practice questions. Time allowed is 90 minutes. Results of 
exam will be announced one day later by student code. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Video  
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/analitikhimijnhamtlag/products-
services/bakalavr/bagazit-analiz  
1. О. Болормаа, С. Даваасүрэн. Багажит анализын аргууд. УБ.: МУИС 

Хэвлэх Үйлдвэр. 2016. (in Mongolian) 
2. D. Harris, Quantitative chemical analysis, 8th ed., W. H. Freeman and 

Company. 2010. 
3. В. П. Васильев, Л. А. Кочергина, Т. Д. Орлова. Аналитическая химия - 

Сборник вопросов, упражнений и задач, М.:Дрофа. 2003. (in Russian) 
4. “Багажит анализ” хичээлийн лабораторийн ажлын дэвтэр. Эмхэт. О. 

Болормаа, С.Даваасүрэн, О. Алтанцэцэг, Ч. Буян. УБ.: МУИС Хэвлэх 
Үйлдвэр. 2017. (in Mongolian) 
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Physical chemistry I (CHEM303) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM303 
Subtitle Introductory quantum chemistry 
Semester(s) in which the 
module is taught 

Fall, Spring (V, VI) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Associate professor, D.Sarangerel, Ph.D.  

Associate professor, A.Altangerel, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/fizikhimi/surgalt/bakalavr/  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (40 hours)                                     80 hours14 
Seminar     (32 hours)                                     16 hours 
Laboratory (24 hours)                                     - 

Credit points (CP) 4 credit points (Lecture – 2.5 CP, Seminar – 1 CP, Laboratory – 0.5 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may 
exempted from an exam and get corresponding grade with his/her achievement. 

Recommended 
prerequisites 

MATH222 (Maths for chemistry) 

Module 
objectives/intended 
learning outcomes 

Students are able to 
- Determine the limitations of classical mechanics at molecular level, and 

interpret the difference between classical and quantum mechanics  
- Understand the relevance of the quantum mechanical operators to observables 

in classical mechanics, and the meaning of the probability, amplitude and 
expectation value. 

- Demonstrate the conceptual knowledge of application of quantum theory to 
explain atomic and molecular structure, chemical bonding and atomic 
spectroscopy 

                                                
14 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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- Apply mathematical methods (differentiation, integration and matrix) to one and 
many electron atoms, diatomic molecular model 

- Criticize and make decision to think logically, interpret and solve problem at 
molecular level 

- Search, use and collect information from scientific books, textbooks, handbooks 
and internet, classify collected information, distinguish necessary information 
for assignments related to quantum chemistry and spectroscopy 

- Demonstrate own verbal and written communication skills through carrying out 
assignments 

- Work and make decision collaboratively 
- Express his/her views freely, have an interest in the opinions of others, recognize 

and discuss ethical issues related to the impact of technological advances on 
society 

Content Lecture/Seminar 
 Origin of quantum mechanics 

 Wave equation and Schrodinger equation  

 Quantum mechanics postulates  
 The particle in the box 

 Commuting and non-commuting operators. The Heisenberg uncertainty 
principle 

 Quantum mechanical models: Classical harmonic oscillator and rigid rotor.  

 The vibrational and rotational spectroscopy of diatomic molecules 

 Hydrogen atom 

 Many electron atoms 

 Quantum states of many electron atoms, Atomic spectroscopy  

 The chemical bond in diatomic molecules  
(Computer) Laboratory 
 The particle in the box 

 Quantum mechanical models: Classical harmonic oscillator  

 Quantum mechanical models: Classical rigid rotor 

 Hydrogen atom 

 Many electron atoms 

 The chemical bond in diatomic molecules 
Study and examination 
requirements and forms of 
examination 

Seminar (20 points): At each seminar, the students will receive homework. Students 
will work individually, in pairs and in small groups in seminar. The mini exam will 
be taking 4 times (4th, 8th, 12th, 15th weeks) per semester, each 2 points (totally 2 × 
4 = 8 points). Time limit of each mini exam is 20 minutes. The mini exam has one 
problem including contents of last 3 or 4 seminars. 
Laboratory (8×2.5=20 points): The computer laboratory will be conducting using 
MathCad software. Every lab assignments has 2.5 points. After every lab teacher 
will assess students considering with their performance. If students will improve 
their assignments’ performance within a week, they can take full points.  
Assignments (1×15=15 points): The assignment (12 points) can be giving by either 
problem solving task or report at 8-10th weeks for 14 days. Students have to perform 
their assignments individually. If assignment will be taking with problem-solving 
tasks students will be assessing according to pre-determined performance criteria. 
If assignment will be taking with report students will be assessing according to pre-
determined rubric. Students have to defend their products to teacher (3 points). 
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Mid-term exam (15 points): Midterm exam will be taking once at 8th week as a 
written exam. Midterm exam includes multiple choice questions, true/false 
questions, questions and problem sets. Time limit is 90 minutes. The exam is open 
book exam. Teacher have to record grade in the information system of SISI within 
5 working days of the examination (O1 session). Teacher will explain and discus 
correct answer of the midterm exam on IX week. 
Final exam (30 points): Final exam will be taking after course completion at 16 or 
17th week as a written exam. Final exam includes multiple choice questions, 
true/false questions, questions and problem sets. Time limit is 90 minutes. The exam 
is open book exam. Teacher have to record grade in the information system of SISI 
within 5 working days of the examination (O3 session).  

Media employed MS PowerPoint, Projector, personal computer, Molecular model, Animation, Video 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/fizikhimi/surgalt/bakalavr/fizik-himi-1-2018-
havar#eva  
1. T.Engel, Quantum chemistry & spectroscopy, 3rd edition, Pearson education, 

2013, (main textbooks) 
2. McQuarrie, Quantum Chemistry, 2nd edition, University Science Books, 2007 

(main textbooks) 
3. Joseph H.Noggle, Physical chemistry using MathCad, Pike Creek Publishing 

company, 1999 
4. P.W.Atkins and J. de Paula, Physical Chemistry, 5-9th editions, Oxford press, 

1998-2010 
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Computational chemistry (CHEM304) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM304 
Subtitle Numerical methods 
Semester(s) in which the 
module is taught 

Fall, Spring (V, VI) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Senior lecturer, B.Sukhbaatar, MS. 

Associate professor, D.Sarangerel, Ph.D.  
Associate professor, A.Altangerel, Ph.D. 

Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://goo.gl/x1LC7o 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours15 
Laboratory (48 hours)                                     96 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. 
Module regulation is covered by NUM’ regulation and policy. 

Recommended 
prerequisites 

CHEM303 (Physical chemistry-I) 

Module 
objectives/intended 
learning outcomes 

The purpose are the common numerical methods of experimental and theoretical 
studies of chemistry, pre-preparation of data for calculation, to choose and perform 
optimal mathematical methods for data analysis.  
Students will learn 

To apply the concept and numerical methods such as to interpolate by Lagrange 
Method, Newton's Divided Difference Polynomial; to find root of nonlinear 
equation by bisection method, Newton-Raphson method; to solve linear equation 
system, to analyse data by linear and nonlinear regression, to derivative 
numerically, to integrate numerically, to implement fast Fourier transform.  
To choose and perform optimal numerical methods for data of experimental and 
theoretical studies on chemistry. 

                                                
15 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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To identify method of operation for research data. 
To analyse and evaluate the research data by common numerical methods on 
chemistry. 
To perform common function on chemistry using common software of chemist 
such as “Mathcad”.  
To find information from manual, textbook, internet and science reference 
database, to find and apply textbook and journal, to collect information, to sort 
and separate off collected information,  
To prepare raw data of research work for special software and to check 
calculation possibility of these data. 
To think logically and explain the problem of computational chemistry; to 
express own opinion and to make decision for resolving the problem 
To acquire the knowledge and skills of the individual; to learn self-control and 
self-management; to make decision, think and learn with others; to be able to 
communicate by writing and speaking skill for result in native language and 
secondary language. 
To possess characters for chemist such as independence, responsible and 
personal organization. 
To freely express own opinion, to listen to the opinions of others, and to realize 
own role in team work 

Content Lecture/Seminar 
 Data types its operations, Evaluation of Functions 

 Root finding algorithm  

 Root Finding and Nonlinear Sets of Equations 

 Differentiation, numerical methods 

 Simultaneous linear equation  

 Solution of simultaneous linear equation 
 Statistical Description of Data 

 Interpolation 

 Regression 

 Nonlinear regression 

 Integration of Functions, Classical Formulas for Equally Spaced Abscissas 

 Integration of Functions, numerical methods 

 Integration of Ordinary Differential Equations 

 Partial differential equations  

 Optimization 

 Fast Fourier transform 
(Computer) Laboratory 
 Data types its operations, Evaluation of Functions and Plots 

 Root finding algorithm 

 Differentiation, numerical methods 

 Solution of simultaneous linear equation 

 Interpolation 

 Statistical Description of Data 
 Linear, Nonlinear regression 

 Integration of Functions, numerical methods 

 Integration of Ordinary Differential Equations 

 Partial differential equations 

 Optimization 
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 Fast Fourier transform 

Study and examination 
requirements and forms of 
examination 

Laboratory (20 points): Each implementation is graded by difficulty degree* on 
laboratory software. If student cannot finish his/her implementation on time, he/she 
can finish his/her implementation next week. Two week late implementation are not 
accepted or graded. Some implementation is graded by oral. In order to identify 
students’ error during implementation problem set is prepared by step by step.    
Homework (30 points): Students perform homework according to course content 
from VIII week to X week during two weeks. Homework is parameter estimation and 
fitting model to research data according to criteria given by lecture or laboratory. 
Homework report is graded by rubric which is include method complexity**.  
Midterm exam (20 points): The midterm exam is taken once. It is taken by content 
of I-VII week topics on IX week. The midterm exam’ form would be the free response 
questions, problem sets and implementation(s). The exam is graded by pre-prepared 
special criteria. The exam is prepared to execute within 90 minutes. The exam 
duration time is approximated by average execution time. It is open book exam. The 
exam is graded within 5 working days. Grade is entered to SISI system on column 
O1. Solution is enabled, explained, discussed on XI week lecture time. 
Final  exam(30 points): 
The final exam is taken writing examination of all the topics covered in the course 
between XVII week and XIX week. The final exam includes combination of multiple-
choice, free response questions and problem sets with points. The free response 
questions and problem sets is graded by special criteria such as equation selection, 
derivation, unit conversion. The exam is prepared to execute within 90 minutes. The 
exam duration time is approximated by average execution time. It is open book 
exam. The exam is graded within 5 working days. Grade is entered to SISI system 
on column O3. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video 

Reading list Lecture notes, seminar and lab materials on webpage: https://goo.gl/3iC3EP 
1. Т.Жанлав, Л.Өвгөн, Р.Ринчинбазар, Тооцон бодох Математик, I дэвтэр, 

Улаанбаатар, 1995 
2. K. J. Johnson, Numerical Methods in Chemistry. New York u.a: Marcel Dekker 

Inc, 1980. 
3. О. Лхагва, Тооцон бодох математик. БИТ ПРЕСС, 2009. 
4. Авдай Ч and Энхтуяа Д, Судалгаа шинжилгээний ажил гүйцэтгэх арга 

зүй.-: Статистик боловсруулалт, математик загварчлал, оновчлол, 3rd 
ed. УБ: Улаанбаатар хэвлэх үйлдвэр, 2010. 

 

  



45 
 

Inorganic chemistry I (CHEM305) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM 305 
Subtitle Introductory quantum chemistry 
Semester(s) in which the 
module is taught 

Fall, Spring (V, VI) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Inorganic chemistry team 
Lecturer Professor Ts.Darjaa, Ph.D.  

Associate professor, N.Amgalan, Ph.D. 
Senior lecturer N. Syurhuu, master 

Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                        64 hours 
Seminar     (32 hours)                                         16 hours 
Laboratory (48 hours)                                          - 
Independent assignment:  
Use of different forms of report by students to demonstrate an understanding of the 
dangers of metals, non-metals and harmful compounds on living systems and the 
environment. This activity is designed to promote inquiry-based learning and cater 
to students with various learning styles. 

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F * within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  

Recommended 
prerequisites 

CHEM 202 (General chemistry II) 

Module 
objectives/intended 
learning outcomes 

Course learning outcome  
Having successfully completed this course you will be able to: 
1. Demonstrate a good understanding, applying and retention of basic chemical 

principles, theories and factual knowledge of chemistry. 
 Qualitatively discuss the Periodic properties of atoms based on the 

structure (Aufbau priciple) of atom and shielding idea of electrons.  
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 Describe bonding models based on VSEPR theory that can be applied to a 
consideration of the properties of simple molecules.  

 Construct appropriate qualitative energy level diagrams of MO to explain 
molecular properties оf simple and larger molecules. 

 Determine the shapes and symmetry properties of simple Inorganic 
compounds and ions. 

 Explain the theory of complex formation and their fundamental properties. 
 Explain properties and reactions of main group (s and p block) elements 

and transition metals  
 Use band theory to explain metallic, semiconducting and insulating 

behavior. 
2. Apply a range of practical laboratory skills and solve related inorganic 

chemistry problems. 
 Set up glassware and apparatus to conduct experiments in Inorganic 

Chemistry. 
 Present the results of a practical investigation (laboratory work) in a 

concise manner using basic mathematics (formula, plots, diagrams, 
tables) and basic chemical principles.  

3. Demonstrate the ability to apply related information and data (scientific 
papers, books, references, scientific information etc.) to accomplish an 
independent assignment. 

 Explain an understanding of the dangers of metals, non-metals and 
harmful compounds on living systems and the environment.  

Content Lecture/Seminar 
This course will focus on the fundamentals of inorganic chemistry, including: 
atomic, molecular and crystal structures; trends in periodic properties; molecular 
symmetry and its relationship to solid-state; acid-base interactions; and the 
chemistry of main group and transition metal elements, including coordination 
chemistry.  
Subject matter: 
 Introduction to Inorganic Chemistry 
 Atomic Structure 
 Simple Bonding Theory 
 Molecular Orbitals 
 The Crystalline Solid State 
 Symmetry and Group Theory 
 Acid–Base and Donor–Acceptor Chemistry 
 Chemistry of the Main Group Elements 
 Chemistry of the transition metals  
 Coordination chemistry 
 Introduction to Organometallic and bioopganic chemistry 

Laboratory 
Experiments cover both main group and metal chemistry with an emphasis on 
synthesis, characterization, and application of inorganic compounds. 
Subject matter: 
 Property of the hydrogen and oxigen 
 Property of the halogens 
 Property of the sulfur and nitrogen 
 General property of the metals 
 Property of the IA and IIA group’s metals 
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 Property of the copper, zinc and their complex compounds 
 Property of the chromium and their complex compounds 
 Property of the manganese, iron, nikel and their complex compounds 

Study and examination 
requirements and forms of 
examination 
 
 

Seminar (20 points): Problem solving excercises will be done within the subject of 
the lecture. 
Breakdown of assessment: 

∙ Attendance 0.5 point   
∙ Completion of exercise 0-2 points 
∙ Presentation of the exercise to others 0-2 points 
∙ Participation in discussion, raising questions 0-1.5 points 

Maximum of 90 points collected from 15 seminars will be converted to 20 points in 
the final term. 
Remark: a student must do presentation of the excercise more than twice in front of 
others and participate in discussion more than 3 times  
Laboratory (8×N/20 = 20 points): Please check the criterions on assessing each 
laboratory works from the laboratory work notebook.  
Basic breakdown of the assessment of laboratory works: 

∙ Review test    5 points 
∙ Laboratory performance    8 points 
∙ Notes taken on laboratory work notebook    5 points 
∙ Conclutions given to the experimental resalts    2 point 

The final score will evaluated from the average score of 8 laboratory works  
Independent assignments: (15 points): The details of the independent assignments 
are sent through the SiSi system. The assignments are to be written on the subject of 
theoretical inorganic chemistry and study of chemical elements.  
 The student will chose from the given chemical elements or group elements.  
 The issues in relation to the chosen elements should be solved in accordance 

with the theories and laws of chemistry.  
Assessment of the assignment:  

∙ Skills on usage of the theories and knowledge to assess the chemical 
properties of the elements and compounds    6 points  

∙ Problem solving    5 points 
∙ Writing composition /accurate translation/    5 points 
∙ Organized information, wording       5 points 
∙ Optimality of the used information   5 оноо 

The independent assignments will be collected in the 14th week and assigned in the 
15th week.   
Midterm exam (15 points): The written midterm exams will be taken in the 8th week 
of the term and within the subjects studied between week 1 to 7. The exam will 
include selective answer questions, true/false choice questions, multiple choice 
questions and problem solving questions.  
Exam will take 90 minutes. 
The exams will be marked within 1-2 days and typed into part O1 of the SiSi system 
Final exam  (30 points): The final exam will be taken at the school in accordance 
with the schedule announced by the School of Natural Science. The details of the 
final exam will be given at the beginning of each term. 
The exam will include selective answer questions, true/false choice questions, 
multiple choice questions and problem solving questions.  
The details of the final exam will be given at the beginning of each term.  
Exam takes 90 minutes 
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The exam will be assessed using DE. The exams will be assessed within 2 days and 
typed into part O3 of the SiSi system.  

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
1. Gary L. Miessler, Donald A. Tarr, Inorganic Chemistry, 5th edition, Pearson 

Education Asia Limited and Higher Education Press, 2014. 702 pages. 
2. Ervin Ridel, Xrystofer Yanyek , Inorganic Chemistry, 8th  edition, Аdmon, UB,  

2012, 931 pages. 
3. Gary L. Miessler, Donald A. Tarr, Student Manual of Inorganic Chemistry, 

Pearson Education Asia Limited and Higher Education Press, 2011. 86 pages. 
4. Dondog S., Darjaa.Ts et al., Laboratory works of Inorganic chemistry, II part, 

2000 “Soyombo printing” UB, 2004. 156 pages. 
5. Shriver and Atkins, Inorganic Chemistry, Oxford, 2010, 810 pages. 
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Biochemistry (BIOC300) 

Curriculum BSc in Biology, BSc in education 
Course level Junior (3rd level) 
Code BIOC300 
Subtitle Introductory biochemistry 
Semester(s) in which the 
module is taught 

Fall (V) 

Person responsible for the 
module 

Curriculum committee, Department of Biology 
B.Batjargal, Ph.D.  

Department Department of Biology, biochemistry team 
Lecturer Professor, B.Batjargal, Ph.D.  

Lecturer,  T.Suvdmaa, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage http://sas.num.edu.mn/?page_id=334 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours16 
Seminar     (32 hours)                                     16 hours 
Laboratory (48 hours)                                     -  

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. When a student does not appear in the 1/3 of lecture, seminar and 
laboratories, he/she shall receive a grade F* in 15-16th week of the semester. This 
shall be evaluated same to "F" Grade. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam. In case the 
student takes a semester off, drops or withdraws, his/her performance shall be 
automatically marked NA, Later, the course is studied upon registration as a new 
one. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. 
Instructor shall be obliged to openly announce an exemption policy to students. The 
number of the students who are eligible to be exempted from an examination shall 
not exceed 10% of the total number of students in one class. 

Recommended 
prerequisites 

Organic chemistry 

Module 
objectives/intended 
learning outcomes 

Knowledge: At the end of the lesson, the student should be able to demonstrate 
his/her knowledge and understanding on the molecular and functional organization 

                                                
16 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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of a cell; classification, structure, function and interrelationship of biomolecules 
and their metabolism.  
Skills: The student should be able to: 

 understand general biochemical  

 distinguish structures of the four main classes of biomolecules: 
carbohydrates, lipids, nucleic acids, and proteins. 

 have method for the determination of protein, carbohydrate, lipid, 
hormone and vitamins in sample.  

 Identify, analyse and describe a case of biochemistry with his/her team 
Competences: integration of knowledge, skills and social and methodological 
capacities in working or learning situations 

Content Lecture/Seminar 
 Amino acid, peptide, protein 

 Protein structure and function 

 Enzyme 

 Carbohydrate: monosaccharide and disaccharide 

 Carbohydrate: polysaccharide 

 Nucleotide and nucleic acid 

 Fats 
 Vitamin: water-soluble vitamins 

 Fat-soluble vitamins 

 Hormone 

 Metabolism 

 Protein metabolism 
 Carbohydrate metabolism 

 Fat metabolism 

 Nucleic acid metabolism 
Laboratory 
 Laboratory Instrumentation 

 The Biuret method for the determination of total protein 

 Kjeldahl method of nitrogen and protein 

 Fat determination by Sohxlet extraction method 

 Analysis of Lipids 

 Bertrand's titration method for determination of carbohydrate 

 Determination of vitamins in plants 

 Determination of enzyme activity 
Study and examination 
requirements and forms of 
examination 

Attendance (8  points) 
Seminar (21 points)  
Laboratory (8×2.5=20 points) 
Бие даалт (1×6=6 points) 
Midterm of semester exam (15 points) 
End of semester exam (30 points): A type of examination taken in the examination 
period, concluding the lecture and encompassing the material of the semester 
(laboratory). It may be written. An examination is evaluated by the 30 points. 
Duration: 90 minutes 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video. 
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Reading list 1. “Biotechnology procedures and experiments handbook”. Edited by 
S.Harisha, 2007, Chapter 1, Chapter 3, Chapter 4. 

2. David L. Nelson and Michael M. Cox. “Lehninger Principles of 
Biochemistry”. 4-6th еdition  

3. W.H Freeman & Company Striyer (L), 2010, “Biochemistry”, Freeman & 
Company, New York, Seventh Edition, 

4. J. Koolman .,K.H. Roehm, 2005, “Color Atlas of Biochemistry”, 2nd edition  
5. Баярмаа Ж., Сүхдолгор Ж, 2001, Биохими. “Дадлагын хичээлийн гарын 

авлага”.УБ, “Мөнхийн үсэг” ХХК 
6. Ц. Намсрай, Б. Очирхуяг, 2001, Биохими, боть 1-4, УБ.  
7. Н.П.Мешковой и С.Е.Северина. 1979, “Практикум по биохимии”, под 

ред. Раздел III,  
8. Пүрэв Д., Цэвэгсүрэн Н. 2000. “Биохими”, УБ, “Эдмон” хэвлэх үйлдвэр 

  



52 
 

Internship (INTE300) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM300 
Subtitle Internship 
Semester(s) in which the 
module is taught 

Summer (VII-a) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Senior lecturer, B.Sukhbaatar, MS. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://goo.gl/ZNkVNA 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Laboratory (96 hours)                                     96 hours 
Presentation (10 minutes)                               16 hours 

Credit points (CP) 2 credit points (Laboratory – 2 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. 
Module regulation is covered by NUM’ regulation and policy. 

Recommended 
prerequisites 

CHEM302 (Instrumental analysis) 

Module 
objectives/intended 
learning outcomes 

Students will learn 

 To think logically and explain the problem of chemistry; to express own 
opinion and to make decision for resolving the problem. 

 To acquire the knowledge and skills of the individual; to learn self-control and 
self-management; to make decision, think and learn with others; to be able to 
communicate by writing and speaking skill for result in native language and 
secondary language. 

 To possess characters for chemist such as independence, responsible and 
personal organization. 

 To freely express own opinion, to listen to the opinions of others, and to realize 
own role in team work. 

 To identify dependent and independent variables based on experiment data and 
specific task, to predict what is measured in what kind of condition and to 
explain answer based on theory. 
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 To understand physical and chemical properties and its hazards, to work with 
chemicals safely, and to evaluate, prevent, and take care the hazards that may 
occur during the chemical experiments. 

 To work with quantitative testing instruments, to calibrate instruments, to 
choose correct solution, to determine measurement error if it has then  to 
recalibrate. 

 To recognize data pattern of the observations and measurements and to explain 
data pattern based on theory. 

 To predict experiment result, to design and plan the experiment, to explain and 
be  aware of the occurrence of incomplete, irrelevant and misleading results 
and to make conclusion 

Content  Laboratory 
 Get acquainted with the structure of the company which is chosen by student 

 Laboratory work (it is depend on company which is chosen by student) 
Study and examination 
requirements and forms of 
examination 

Activity and absence (5 points): The company provides safety instruction to student 
who is deployed to laboratory section of company and will be trained in the 
workplace for four weeks. Student practice is carried out in accordance with specific 
guidelines. Instructor visits to student on II and IV week and gives full point to 
student who is completed company task from industry-side instructor. 
Grading from company (20 points): Grading from company is depending on 
company regulation. Sometime, company organizes the grading committee and 
committee grades student presentation or industry-side instructor grades student 
report on company. Grade is entered to SISI system on column O1 with activity 
point. 
Internship report (35 points): Student compiles the report material during course 
of internship. Student writes a report on how the problem is solved on company 
which is depending on company field by using knowledge and skill of the 
prerequisite modules. Internship report is graded by detailed criteria on the first 
week of the fall semester. Grade is entered to SISI system on column O2. 
Internship presentation (30 points): Student gives the oral presentation according 
to internship report in 10 minutes and 5 minutes to answer the questions on II week. 
The oral presentation is graded by the average score of the 2-3 committee members 
according to the detailed criteria. Grade is entered to SISI system on column O3. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video 

Reading list 1. James W. Robinson, Eileen M. Skelly Frame, George M. Frame II, 
Undergraduate Instrumental Analysis, Sixth Edition, 2005, CRC Press  

2. Skoog, Holler, Crouch, Principles of instrumental analysis, Sixth Edition, 
2008, Thomson Brooks/Cole 

3. У.Баатар, Анализын физик химийн аргууд, 1998, УБ 
4. Г.Сүхдорж, Анализын оптикийн аргууд, 2007, УБ. 

 

  



54 
 

Physical chemistry II (CHEM307) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM307 
Subtitle Chemical kinetics and thermodynamics 
Semester(s) in which the 
module is taught 

Spring (VI) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Associate professor, D.Sarangerel, Ph.D.  

Associate professor, A.Altangerel, Ph.D. 
Senior teacher, B.Sukhbaatar, MS 

Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/fizikhimi/surgalt/bakalavr/  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours17 
Seminar     (32 hours)                                     16 hours 
Laboratory (48 hours)                                     - 

Credit points (CP) 4 credit points (Lecture – 2.0 CP, Seminar – 1.0 CP, Laboratory – 1.0 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may 
exempted from an exam and get corresponding grade with his/her achievement. 

Recommended 
prerequisites 

CHEM222 (General chemistry II) 

Module 
objectives/intended 
learning outcomes 

Students are able to 
- Demonstrate conceptual knowledge on chemical thermodynamics and kinetics 
- Apply own knowledge to monitor and drive chemical processes 
- Demonstrate understanding for role of chemist and chemical engineering on any 

problems of physical chemistry 
- Express his/her views and make decision to think logically, interpret and solve 

problem at macro level 

                                                
17 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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- Choose and apply appropriate scientific method for basic and applied physical 
chemistry 

- Suggest and criticize necessary instrumental methods for analytical and 
practical assignments of physical chemistry 

- Carry out, develop, criticize and report experimentation of physical chemistry 
- Describe, state interrelation of chemical equilibrium, thermodynamics and 

kinetics in chemical science and engineering to understanding and concepts of 
natural and other sciences, identify similarities and differences, evaluate their 
role on real life application 

- Demonstrate understanding of responsibility for safety of chemical systems at 
professional level 

- Work and make decision collaboratively during lab and assignments, 
demonstrate own verbal and written communication skills in the mother tongue 
and secondary language 

- Illustrate experimental results with appropriate types, create mathematical 
simulation, understand physical meaning of mathematical expression for 
common laws and patterns of physical chemistry 

- Search, use and collect information from scientific books, textbooks, handbooks 
and internet, classify collected information, distinguish necessary information 
for assignments related to quantum chemistry and spectroscopy 

Content Lecture/Seminar 
 Gases: Ideal and real gases 

 The zeroth and first law of thermodynamics 

 The second and third law of thermodynamics and its’ application 

 Physical transformations of pure substances 

 Simple mixture 

 Phase equilibrium 
 Chemical equilibrium 

 Empirical reaction kinetics 

 Reaction kinetics of complex reaction and reaction mechanism 
Laboratory 
 Determination of hydrate enthalpy of formation 

 Determination the specific heat capacity of a liquid by the method of cooling 

 Determination of solubility product of sparingly soluble salt 
 Spectrophotometric determination of the dissociation constant of an indicator 

 Determination of equilibrium constant for homogeneous systems  

 Study on solid-liquid phase equilibrium 

 Determination of the reaction order using the van't Hoff method. 

 Determination of rate and activation energy of the iodination of acetone 
Study and examination 
requirements and forms of 
examination 

Seminar (16 points): At each seminar, the students will receive homework. Students 
will work individually, in pairs and in small groups in seminar. The mini exam will 
be taking 3 times (5th, 9th, 14th weeks) per semester, each 2 points (totally 2 × 3 = 6 
points). Time limit of each mini exam is 20 minutes. The mini exam has one problem 
including contents of last 4 or 5 seminars. 
Attendance (4 points) 
Assignments (1×15=15 points): The assignment (12 points) can be giving by either 
simulation of chemical processes or problem solving task at 8-10th weeks for 14 
days. Students have to perform their assignments individually. If assignment will be 
taking with simulation of chemical processes, students will be assessing according 
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to pre-determined performance criteria. If assignment will be taking with problem 
solving task students will be assessing according to pre-determined rubric. Students 
have to defend their products to teacher (3 points). 
Mid-term exam (15 points): Midterm exam will be taking once at 8th week as a 
written exam. Midterm exam includes multiple choice questions, true/false 
questions, questions and problem sets. Time limit is 90 minutes. The exam is open 
book exam. Teacher have to record grades in the information system of SISI within 
5 working days of the examination (O1 session). Teacher will explain and discus 
correct answer of the midterm exam on 9th week. 
Laboratory (20 points): Students have to carry out a total 8 lab works and each of 
them will be evaluated 100 points. After lab course, overall collected points will be 
converted 18 points. The 100 points’ allocation is as follows: 
- Pre-lab question – 15 points 
- Preparation to lab – 10 points 
- Safety – 10 points 
- Experimentation procedure – 10 points 
- Experimental results – 5 points 
- Results and discussion – 25 points 
- Conclusion – 10 points 
- Post lab questions – 15 points 

Students will carry out the experiment by team; but students have to write her/his 
experimental report individually. 
There are 2 exams to evaluate practical skills (each of them 1 point). For example 
use and maintain lab equipment such as Beckman’s thermometer, titration 
techniques, read the result of equipment with appropriate precision etc. 
Final exam (30 points): Final exam will be taking after course completion at 16 or 
17th week as a written exam. Final exam includes multiple choice questions, 
true/false questions, questions and problem sets. Time limit is 90 minutes. The exam 
is open book exam. Teacher have to record grades in the information system of SISI 
within 5 working days of the examination (O3 session).  

Media employed MS PowerPoint, Projector, personal computer, Molecular model, Animation, Video 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/fizikhimi/surgalt/bakalavr/fizik-himi-ii-2018-havar  
1. D.Sarangerel, А.Altangerel, B.Sukhbaatar, Problems on physical chemistry, 

Bitpress, Ulaanbaatar, 2014 (Mongolian) 
2. P.Atkins, Physical Chemistry, 5th-7th ed., 1994-2002 (Main textbook) 
3. Laboratory manual for physical chemistry, Admon printing, Ulaanbaatar, 

2017 (Mongolian) 
4. P.Monk, Physical chemistry: Understanding our chemical world, John Wiley 

and Sons Ltd, 2004 
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Inorganic chemistry II (CHEM401) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM 401 
Subtitle Coordination chemistry 
Semester(s) in which the 
module is taught 

Autumn (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, General and Inorganic chemistry lessons team 
Lecturer Associate professor, N.Amgalan, Ph.D. 

Professor D.Dorj, Ph.D.  
Senior lecturer N. Shurhuu, master 

Language Mongolian 
Relation to curriculum Specialized elective course 
Webpage https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                        64 hours 
Seminar     (32 hours)                                         16 hours 
Independent assignment:  
Use of different forms of report by students to demonstrate an understanding of the 
dangers of metals, non-metals and harmful compounds on living systems and the 
environment. This activity is designed to promote inquiry-based learning and cater 
to students with various learning styles. 

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 

4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  

4.7.4. The midterm and end of semester exam are taken once respectively.  

4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  

Recommended 
prerequisites 

CHEM 305 (Inorganic chemistry I) 

Module 
objectives/intended 
learning outcomes 

Course learning outcome  
On successful completion of the course students will be able to: 

 To develop an understanding of the range and chemistry of elements in the 
periodic table and their compounds; 
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 To establish an appreciation of the role of inorganic chemistry in the chemical 
sciences; 

 To develop an understanding of the role of the chemist in measurement and 
problem solving in inorganic chemistry; 

 To provide an understanding of chemical methods employed for problem solving 
involving inorganic systems; 

 To provide experience in some scientific methods employed in inorganic 
chemistry; 

 To develop skills in the scientific method of planning, developing, conducting, 
reviewing and reporting experiments; 

Content Lecture 
There are some ninety-two naturally occurring elements as well as a handful of man-
made radioactive elements. When in combination, these elements constitute all of 
our food, shelter, energy sources and everything we manufacture and use in our 
lives. This course provides a foundation for the understanding of the varying 
chemistries of the elements of the Periodic Table, with emphasis on inorganic 
coordination materials. 
Subject matter: 
 Coordination Chemistry I: Structures and Isomers 

 Coordination numbers and Structures 

 Coordination Frameworks 

 Coordination Chemistry II: Bonding 

 Bonding Theories 

 Crystal Field Theory 

 Ligand Field Theory  
 Angular Overlap 

 The Jahn-Teller Effect 

 Four- and Six-Coordinate Preferences 

 Coordination Chemistry III: Electronic Spectra 

 Electronic Spectra of Coordination Compounds 
 Coordination Chemistry IV: Reactions and Mechanisms 

 Stereochemistry of Reactions 

 Reactions of Coordinated Ligands 

 Parallels between Main Group and Organometallic Chemistry 
Seminar  
 Molecular orbitals and band Structure 

 General trends in Main Group Chemistry 

 Isomerism 

 Coordination Numbers and Structures 

 Bonding Theories 

 The Spectrochemical Series 

 Quantum Numbers of Multielectron Atoms 
 Charge Transfer and Energy Applications 

 Substitution Reactions 

 Stereochemistry of reactions 

 Substitution Reactions of Square-Planar Substitutions 

 The trans Effect 
 Hydrolysis of Esters, Amides, and Peptides 
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 Organic Ligands and Nomenclature 

Study and examination 
requirements and forms of 
examination 
 
 

Midterm exam (30 points): The written midterm exams will be taken in the 8th week 
of the term and within the subjects studied between week 1 to 7. The exam will 
include selective answer questions, multiple choice questions and problem solving 
questions. Assessment is carried out ‚automatically‘ item analysis method. Exam 
will take 90 minutes. The 10th week introduces the feedback process and provides 
explanatory feedback. 
Self assessments: (10 points): The details of the independent assignments are sent 
through the SiSi system. The assignments are to be written on the subject of 
theoretical inorganic chemistry and study of chemical elements.  
 The student will chose from the given chemical elements or group elements.  
 The issues in relation to the chosen elements should be solved in accordance 

with the theories and laws of chemistry.  
Assessment of the assignment:  

∙ Problem solving    2.5 points 
∙ Writing composition /accurate translation/    2.5 points 
∙ Organized information, wording       2.5 points 
∙ Optimality of the used information   2.5 оноо 

The independent assignments will be collected in the 14th week and assigned in the 
15th week. The exams will be marked within 1-2 days and typed into part O1 of the 
SiSi system 
Seminar (30 points): Problem solving excercises will be done within the subject of 
the lecture. 
Breakdown of assessment: 

∙ Attendance 1 point   
∙ Completion of exercise 0-2 points 
∙ Presentation of the exercise to others 0-2 points 

Maximum of 75 points collected from 15 seminars will be converted to 25 points in 
the final term. 
Remark: a student must do presentation of the excercise more than twice in front of 
others and participate in discussion more than 3 times.  
Final exam (30 points): The final exam will be taken at the school in accordance 
with the schedule announced by the School of Natural Science. The details of the 
final exam will be given at the beginning of each term. 
The exam will include selective answer questions, multiple choice questions and 
problem solving questions. The details of the final exam will be given at the 
beginning of each term. Exam takes 90 minutes. The exams will be assessed within 
2 days and typed into part O3 of the SiSi system.  

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  
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Reading list Lecture notes, seminar and lab materials on webpage: 
https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
1. Shriver & Atkins, Inorganic Chemistry, Oxford University Press, 5th edition, 

2010. 824 pages.  
2. Gary L. Miessler, Donald A. Tarr, Inorganic Chemistry, Pearson Education 

Asia Limited and Higher Education Press, 2004. 706 pages. 
3. Эрвин Ридель, Христофер Яниак, Органик биш хими, VIII хэвлэл, Адмон 

ХХК, 931 хуудас. 
4. Gary L. Miessler, Donald A. Tarr, Student Manual of Inorganic Chemistry, 

Pearson Education Asia Limited and Higher Education Press, 2004. 86 pages 
5. Silberberg, M, Chemistry: The molecular nature of matter and change, 

McCrow-Hill, Boston, 1996, 1088 
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Chemistry of organometallic compounds (CHEM402) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th levels) 
Code CHEM 402 
Subtitle Structure, reactivity, and catalytic activity of organometallic compounds 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Inorganic and organic chemistry lessons team 
Lecturer Associate professor, N.Amgalan, Ph.D.  

Senior lecturer, G.Oyunbileg, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty compulsory course for inorganic chemistry area 
Webpage https://sisi.num.edu.mn/ocw/v1/pages/courses.ashx 
Type of teaching, contact 
hours and workload 

                   Contact hours                              Self-study 
Lecture       (32 hours)                                    64 hours18 
Seminars    (32 hours)                                    16 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. The instructor shall assign a grade F* to the student who is not attended 
1/3 of one of the course forms (lecture, seminar or laboratory) within XV-XVI weeks. 
This grade is equal to a grade F for the student.  
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

CHEM 305 (Inorganic chemistry I) 

Module 
objectives/intended 
learning outcomes 

Students will learn/are able to: 
- gain a fundamental knowledge about molecular structure and reactivity of 

organometallics or coordination compounds as well as their preparation and 
application, based on the theoretical knowledge and practical methodologies of 
investigating elements and compounds achieved by inorganic and organic 
chemistry courses.  

- learn methodologies of designing on the basis of subjects of technologies, 
engineering, and mathematics.  

- elucidate molecular structures of unknown organometallics by using 
spectroscopic methods including UV-vis, IR, 1H- and 13C-NMR, and Mass 
spectroscopy.   

                                                
 



62 
 

- represent and develop themselves via self-studies, seminars, laboratory 
experiments and examinations. In other words, students will have abilities to 
retrieve, explore, clearly note, analyze and distribute the information which they 
need.  

- develop practical skills in experimental methodologies and will learn calculation 
methods of expressing experimental data in order to solve problems related to 
analyzing, preparing, and applying of organometallic compounds.  

- provide a safety of our daily life and environment. 
- accurately record and analyze the results of experiments, and to create correct 

scientific explanation, discussion and conclusion. Moreover, students will be 
able to use the professional programs, and to retrieve and to properly cite 
necessary information from reliable sources.   

- be skilled in problem solving, critical thinking and analytical reasoning as 
applied to scientific problems. They will be able to clearly communicate the 
results of scientific work in oral, written and electronic formats to both scientists 
and public at large.  

- function as a member of an interdisciplinary problem solving team. They will be 
eager to do research and to become a persistent, responsible, well-organized 
and ethical decision-making individual.  

Content Lecture/Seminar 
This class focuses on molecular structures, specific chemical bonds, aromaticity, 
reactivity, and catalytic activity of a variety of synthetic or naturally occurring 
organometallic and cluster compounds. Besides the feature and reactivity of element 
organic compounds in heterocyclic structures, various reactions including 
nucleophilic, electrophilic or radical substitution reactions, oxidations, reductions, 
photochemical reactions and other specific reactions at the rings of element organic 
compounds can be discussed in detail.  
Common ligands in organometallic compounds, including  
 carbonyl,  
 σ-, π-, other important ligands. 
Various reactions at rings of organometallic compounds such as 
 nucleophilic,  
 electrophilic or radical substitution reactions,  
 Ligand substitution reactions on square planar complexes 
 Organometallic substitution reactions 
 Oxidative-addition and reductive-elimination  
 Photochemical reactions 
 Stereochemical nonrigidity 
 Oxidation reduction reactions-electron transfer.  
 UV-Vis and NMR spectroscopic characteristics related to the structural 

specificity of organometallic compounds  
Study and examination 
requirements and forms of 
examination 

Seminars (30 points): During a semester, problem-solving seminar discussion can 
be taken through the contents of lectures and seminars courses two times in VII and 
XV weeks. Each seminar discussion has 10 scores (10×2 scores=20). Seminar 
discussion covers problem-solving assignment sets. Each assignment is scored by 
5-6 points according to 3-5 criteria. Besides, students shall be awarded by 5 scores 
for classroom-activity, 1 for attendance, and 4 for performance of homework 
assignments, respectively. Homework assignments develop students’ skills of 
critical thinking and analytical reasoning. Feedback is given on exam problems at 
a seminar after taking an exam. 



63 
 

Self-study (2×15=30 points): A total score for two self-studies is 30 points 
(2×15=30). Students receive the first self-study assignment in IV week and submit 
it in VII week. The second one is received in IX week and submitted in a XVI. Self-
studies can be delivered via SISI system and a student can work independently or 
on a team within three weeks. Mostly, self-studies cover inquiry-based problem sets. 
Each problem set is scored by 4-6 points according to 4-5 criteria. A total score for 
a self-study is optional, but a final score should be converted into 15. A self-study 
shall be graded within two weeks and immediately informed after grading. 
Feedback is given at lectures and seminars.  
Midterm exam (20 points): It is taken once in the VIII week. The midterm exam 
paper includes tests with single- and multiple-choice questions, writing reaction 
mechanisms, designing a simple synthesis, calculating, and problem-solving 
assignments covering the topics studied for I-VII weeks. The examination period is 
90 minutes in length. Within five working days, the exam materials should be graded 
and filled in an O1 window of SISI system.   
Final exam (20 points): It is taken once in the XVII-XIX week. The final exam paper 
includes tests with true/false and multiple-choice questions, writing reaction 
mechanisms, designing a simple synthesis, calculating, and problem-solving 
assignments covering the topics studied for IX-XVI weeks. The examination period 
is 90 minutes in length. Within five working days, the exam materials should be 
marked and filled in an O3 window of SISI system.   

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sisi.num.edu.mn/ocw/v1/pages/courses.ashx 
1. Gary O. Spessard, Gary L. Miessler, Organometallic Chemistry, Oxford 

University Press, New York, 2010 
2. Robert H. Crabtree, The Organometallic Chemistry of the Transition Metals, 

A John Wiley & Sons, New Jersey, 2005 
3. A.W. Parkins, R.C. Poller, An Introduction to Organometallic Chemistry, 

Macmillan Publishers, London, 1986  
4. Jim D.Atwood, Inorganic and Organometallic Reaction Mechanisms, VCH, 

2008 
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Synthesis of inorganic compounds (CHEM403) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM 403 
Subtitle Synthesis of Inorganic Compounds 
Semester(s) in which the 
module is taught 

Autumn (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, General and Inorganic chemistry lessons team 
Lecturer Associate professor, N.Amgalan, Ph.D. 

Professor D.Dorj, Ph.D.  
Language Mongolian 
Relation to curriculum Specialized elective course 
Webpage https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                        64 hours 
Laboratory (48 hours)                                          - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  

Recommended 
prerequisites 

CHEM 401 (Inorganic chemistry II) 

Module 
objectives/intended 
learning outcomes 

Course learning outcome  
On successful completion of the course students will be able to: 
 demonstrate, with supporting evidence, their understanding of synthesis, 

including related isolation, purification and characterisation techniques; 
 develop an understanding of safe working practice, in terms of managing 

chemical toxicity, chemical stability and chemical reactivity, through 
knowledge-based risk assessments; 

 read and engage with scientific literature. 

 To develop an understanding of the role of the chemist in measurement and 
problem solving in inorganic chemistry; 

 To provide an understanding of chemical methods employed for problem 
solving involving inorganic systems; 
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 To provide experience in some scientific methods employed in inorganic 
chemistry; 

 To develop skills in the scientific method of planning, developing, conducting, 
reviewing and reporting experiments; 

 Development of knowledge and understanding of environmental impact 
Content Lecture 

There are some ninety-two naturally occurring elements as well as a handful of man-
made radioactive elements. When in combination, these elements constitute all of 
our food, shelter, energy sources and everything we manufacture and use in our 
lives. This course provides a foundation for the understanding of the varying 
chemistries of the elements of the Periodic Table, with emphasis on inorganic 
materials. 
The course involves study of:  

 Introduction to structure determination and characterisation of compounds: 
infrared (IR) spectroscopy,  nuclear magnetic resonance (NMR) spectroscopy, 
mass spectroscopy.  

 EPR, ESR 

 Reaction mechanism of aquitic solution 

 Inorganic Radicals 

 Stability Radicals 

 Fenton reaction  

 Boron Hydrides 

 Molecular Orbital Treatment of Bonding in Group 13 Compounds 
 Molecular Orbital Treatment of Bonding in Group 14 Compounds 

 Molecular Orbital Treatment of Bonding in Group 15 Compounds 

 Molecular Orbital Treatment of Bonding in Group 16 Compounds 

 Cluster and colloids 

 Powder X-ray Diffraction/Indexing 
 Metals and Alloys 

Laboratory 
 Synthesis of hexaminocobalt (I, II) chlorides 

 Synthesis of boran complexes 

 Catalytic applications of Iron and Nickel 

 Synthesis of Fluxional ferrotsenophan 

 Synthesis of inorganic heterocyclic compounds 

 Synthesis of macrocyclic compounds 

 Macrocyclic Shiff bases 
  

Study and examination 
requirements and forms of 
examination 
 
 

Midterm exam (30 points): The written midterm exams will be taken in the 8th week 
of the term and within the subjects studied between week 1 to 7. The exam will 
include selective answer questions, multiple choice questions and problem solving 
questions. Assessment is carried out ‚automatically‘ item analysis method. Exam 
will take 90 minutes. The 10th week introduces the feedback process and provides 
explanatory feedback. 
Self assessmentst: (10 points): The details of the independent assignments are sent 
through the SiSi system. The assignments are to be written on the subject of 
theoretical inorganic chemistry and study of chemical elements.  
 The student will chose from the given chemical elements or group elements.  
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 The issues in relation to the chosen elements should be solved in accordance 
with the theories and laws of chemistry.  

Assessment of the assignment:  
∙ Problem solving    2.5 points 
∙ Writing composition /accurate translation/    2.5 points 
∙ Organized information, wording       2.5 points 
∙ Optimality of the used information   2.5 оноо 

The independent assignments will be collected in the 14th week and assigned in the 
15th week. The exams will be marked within 1-2 days and typed into part O1 of the 
SiSi system 
Seminar (30 points): Problem solving excercises will be done within the subject of 
the lecture. 
Breakdown of assessment: 
∙ Attendance 1 point   
∙ Completion of exercise 0-2 points 
∙ Presentation of the exercise to others 0-2 points 

Maximum of 75 points collected from 15 seminars will be converted to 25 points in 
the final term. 
Remark: a student must do presentation of the excercise more than twice in front of 
others and participate in discussion more than 3 times.  
Final exam (30 points): The final exam will be taken at the school in accordance 
with the schedule announced by the School of Natural Science. The details of the 
final exam will be given at the beginning of each term. 
The exam will include selective answer questions, multiple choice questions and 
problem solving questions. The details of the final exam will be given at the 
beginning of each term. Exam takes 90 minutes. The exams will be assessed within 
2 days and typed into part O3 of the SiSi system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
1. Ivano Berlin, Inorganic and Bio-Inorganic Chemistry, UNESCO, 2004, 445 
2. Jim D. Atwood, Inorganic and organometallic reaction mechanisms, Wiley-

VCH, 2nd edition, 2007, 328  
3. Yu A. Zolotov, James D.Winefordner, Macrocyclic compounds in Analytical 

Chemistry, Wiley-Interscience; 2007, 448 pp 
4. H.C. Heal, The Inorganic Heterocyclic Chemistry of Sulfur, Nitrogen and 

Phosphorus, Academic Press, London, 2008, 272 pp 
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Spectroscopy of organic compounds (CHEM404) 

Curriculum BSc in Chemistry, BSc in education 
Course level  (4th level) 
Code CHEM404 
Subtitle Spectroscopy of Organic Compounds 
Semester(s) in which the 
module is taught 

Fall (VII ) 

Person responsible for the 
module 

 Department of Chemistry 
D.Rentsenmyadag, Ph.D.  
G.Oyunbileg, Ph.D. 

Department Department of chemistry, Organic chemistry group 
Lecturer Associate professor, D.Rentsenmyadag, Ph.D.  

Senior Instructor, G.Oyunbileg, Ph.D. 
Language Mongolian 
Relation to curriculum Major, elective course 
Webpage http://sisi.num.edu.mn/ocw/1001302/27016/pages/MN/coursehome.htm  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours19 
Seminar     (32 hours)                                     16 hours 
Project 
Presentation  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP,) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

CHEM301 (Organic chemistry II)  
 

Module 
objectives/intended 
learning outcomes 

This class covers common methods including physical and spectroscopic methods 
which are used in the structure identification of organic compounds.  Refraction 
and dispersion methods are applied to the identification of aliphatic and aromatic 
hydrocarbons. Modern and powerful spectrometric methods, which include UV-vis, 
IR, NMR and mass spectrometric methods, are play a very important role on the 
elucidation of the organic compounds and can be effectively learned by students. In 
case of NMR, the most important thing is to apply the spin-spin coupling constants 
to the problem solving work when student determine a given molecule with the 
complex structure such as conjugated or aromatic system.   

Content Lecture/Seminar 

                                                
19 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 



68 
 

Structure determination of organic compounds :  
 Refraction and dispersion methods are applied to the identification of aliphatic 

and aromatic hydrocarbons. 
 Elemental analysis 

 Infrared spectroscopy(introduction, theory, instrumentation, interpretation of 
spectra) 

 Ultraviolet spectroscopy(introduction, theory, instrumentation, interpretation of 
spectra) 

 Proton Magnetic Resonance Spectroscopy( Introduction and Theory, Chemical 
shift, spin –spin coupling, more complex spin- spin splitting patterns)  

 13 C NMR Spectroscopy (Introduction and Theory, Chemical shift, )  

 Mass spectrometry  
Study and examination 
requirements and forms of 
examination 

Grading:  
Grades will be based on points earned during the semester (100 points). Points can 
be earned in the following manner:  
20 points from midterm exam (in class exam) 
20 points from final exam (in class exam) 
30 points from seminar classes 
30 points from lecture 2 take home assignments 
Lecture take home assignments (2×15=30 points): 
 Lecture has 2 take home assignments, which has each 15 points, and total 30 points. 
Take home assignment will include 4-5 written questions (inquiry based questions, 
and problem solving, critical thinking questions). Give directions for the format and 
content of take home assignment and grading rubrics. Assignment requirement, due 
dates will be given.  All take home assignments are due at 6th and 12th weeks. Late 
submission of assignments will not be accepted. Submitted take home assignments 
will be graded within 2 weeks. Graded assignments feedback will be given at lecture 
and seminar classes. 
Seminar (30 points): Seminar classes are total 30 points. Seminar homework was 
assessed by student notebook. Seminar exams are taken 3,6,10,15 th weeks. Seminar 
exams will include (written questions). Seminar exams will be graded within a week 
and give feedback within a week. Graded assignments feedback will be given at  
seminar classes. 
Midterm (20 points): There will be one in class midterm exam in this course. The 
material for midterm exam will include that covered up  I-VII weeks lectures. On 
the midterm exam, you will be tested on your understanding of the material 
presented in class. Midterm exam will include 4-5 written questions (inquiry based 
question, and problem solving, critical thinking questions). Midterm exam  are due 
at 8th weeks. Missed midterm exam will be given a score of zero points. Midterm 
exam will be graded within a week. Graded midterm exam  feedback will be given 
at lecture and seminar classes. 
Final exam (20 points): There will be one in class final exam in this course. The 
material for final exam will include that covered up  IX-XVI weeks lectures. On the 
final exams, you will be tested on your understanding of the material presented in 
class. Final exam will include 4-5 written questions (inquiry based question, and 
problem solving, critical thinking questions). Final exam  are due at 17th weeks. 
Missed final exam will be given a score of zero points. Final exam will be graded 
within 2-4 days.  

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model,  



69 
 

Reading list Lecture notes, seminar materials on webpage: 
http://sisi.num.edu.mn/ocw/1001302/27016/pages/MN/coursehome.htm  
1. Д.Монхообор, Г.Батчимэг. Молекулын бүтэц ба спектроскопи. 

Улаанбаатар, 2009. 
2. D.L.Pavia, G.M.Lampman, G.S.Kriz. Introduction to spectroscopy. A guide for 

students of organic chemistry. 3rd ed., Thomson Learning, Inc. 2001. 
3. L.D.Field, S.Sternhell, J.R.Kalman. Organic Structures from Spectra. 4th ed., 

John Wiley and Sons Ltd., 2007. 
4. Л.А.Казицына, Н.Б.Куплетская.  Применение УФ, ИК, ЯМР и масс-

спектроскопий в органической химии. – М., Химия, 1989. 
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Organic synthesis (CHEM405) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th levels) 
Code CHEM405 
Subtitle Organic reactions and mechanisms 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, organic chemistry team 
Lecturer Associate professor, D.Rentsenmyadag, Ph.D.  

Senior lecturer, G.Oyunbileg, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty compulsory course 
Webpage https://sites.google.com/site/organikhimimuis/ 
Type of teaching, contact 
hours and workload 

                   Contact hours                              Self-study 
Lecture       (32 hours)                                    64 hours20 
Laboratory (48 hours)                                    - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. The instructor shall assign a grade F* to the student who is not attended 
1/3 of one of the course forms (lecture, seminar or laboratory) within XV-XVI weeks. 
This grade is equal to a grade F for the student.  
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

CHEM301 (Organic chemistry II) 

Module 
objectives/intended 
learning outcomes 

“Students know that/know how to/are able to…” 
- Knowledge: familiarity with information, theory and/or subject knowledge 
- Skills: cognitive and practical abilities for which knowledge is used 
- Competences: integration of knowledge, skills and social and methodological 

capacities in working or learning situations21  
Course learning outcomes: 
- Students will have a firm foundation in analyzing and designing retro-synthetic 

and forward-synthetic reactions for constructing organic molecules. Students 

                                                
20 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
21  Cf. European Commission: Proposal for a Recommendation of the European Parliament and the European Council on the 

establishment of the European Qualifications Framework for lifelong learning, COM (2006) 479 final, 2006/0163 (COD), 
Brussels 05/09(2006.  
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will gain theoretical knowledge of and practical skills in the transformation and 
protection or removal of functional groups in addition to in redox, cyclization 
and the single- and multiple-bond forming reactions.   

- Students will learn how to determine and improve an optimal condition for the 
elementary or multistep synthetic reactions, as well as to control the 
stereochemistry (region-, chemo-, and stereo-), thermodynamics and kinetics of 
organic reactions.  

- Students will understand of safe handling of chemicals and will gain experience 
in performing common techniques (separation and purification of reaction 
products) or methodologies in organic laboratories. In addition, students will be 
able to carry out single- and multi-step synthetic reactions, and to make accurate 
observations during the physical and chemical changes.   

- Students will be able to determine the purification of reagents, intermediates, 
and products of synthetic reactions by means of melting point, TLC, spectral 
analysis, and to elucidate molecular structures of unknown compounds by using 
spectroscopic methods including UV-vis, IR, 1H- and 13C-NMR, and Mass 
spectroscopy.   

- Students will learn to accurately record and analyze the results of experiments, 
and to create correct scientific explanation, discussion and conclusion. 
Moreover, students will be able to use the professional programs, and to retrieve 
and properly cite necessary information from SDBS website or other 
informational sources.   

- Students will be skilled in problem solving, critical thinking and analytical 
reasoning as applied to scientific problems. They will be eager to do research 
and to become a persistent, responsible, well-organized and ethical decision-
making individual.  

- They will have a tendency to communicate and share their ideas or knowledge 
with others in a respectful way. Students will be able to function as a member of 
an interdisciplinary problem solving team. 

- They will be able to clearly communicate the results of scientific work in oral, 
written and electronic formats to both scientists and public at large.   

Content Lecture/Seminar 
 Retrosynthetic analysis and design of synthesis   

 Transformation of functional groups  

 The stereochemistry and selectivity of organic reactions 
 C-C bond formation by dicarbonyls, imines, enamines, hydrazine, 

metalorganics.  
 C-C bond formation by condensation, cyclization, and the named-reactions.  

 C=C and C≡C bonds formation by elimination, addition and some named-
reactions 

 Protection and removal of amine, hydroxyl, diol, carbonyl, carboxylic and other 
functional groups 

 Protections and transformations of double and triple bonds 

 Organic redox reactions and their stereochemistry  
Laboratory 
 Synthesis of para-Nitro aniline from aniline 

 Oxidation of xylenes  

 Synthesis qualitative analysis of soap 
 Synthesis of phenanthridone by Beckmann rearrangement reaction 
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 1-Phenyl-3-phenylaminopyrrolidine-2,5-dione by a Michael addition 

 Measurement and identification of IR spectra for the selected compounds  
Study and examination 
requirements and forms of 
examination 

Laboratory (27+3=30 points): A student should collect a total of 30 scores from this 
course. Of which, 27 points are assigned to laboratory experiments and 3 points to 
a lab exam. Each laboratory experiment is evaluated by 30 points which are 
allocated to the following parts: 

 objective                        2  

 prelab quizzes                5  

 Preparation                    3 

 Plan and performance   5  

 Result and discussion    9  
 Post lab quizzes             5  

 Conclusion                     1 
Seven laboratory experiments will be carried out and totally evaluated by 210 
(7×30) points. At the end of the course, the 210 points must be converted into 27 
points. In the last laboratory class, students will take a lab exam which covers the 
contents of previous seven laboratory experiments.  
Self-study (2×15=30 points): A total score for self-study is 30 points. Self-study is 
given two times. Students receive the former self-study assignment in the IV week 
while the latter in the XII week. A student can work independently or on a team to 
complete the self-study assignments that are due within three weeks. Mostly, the 
inquiry-based problem sets are given. Each problem set is scored by 4-6 points 
according to 4-5 criteria. A self-study will be graded within two weeks and 
immediately informed. Feedback will be given at lecture and seminar courses.  
Midterm exam (20 points): It is taken once in the VIII week. The midterm exam 
paper includes tests with single- and multiple-choice answers, writing reaction 
mechanisms, designing a simple synthesis, calculating, and problem-solving 
assignments covering the topics studied for I-VII weeks. The examination period is 
90 minutes in length. Within five working days, the exam materials should be graded 
and filled in an O1 window of SISI system.   
Final exam (20 points): It is taken once in the XVII-XIX week. The final exam paper 
includes tests with single- and multiple-choice answers, writing reaction 
mechanisms, designing a simple synthesis, calculating, and problem-solving 
assignments covering the topics studied for IX-XVI weeks. The examination period 
is 90 minutes in length. Within five working days, the exam materials should be 
marked and filled in an O3 window of SISI system.   

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/organikhimimuis/  
1. George S. Zweifel, Michael H. Nantz, Modern Organic Synthesis, WH 

Freeman and Company, New York, 2007. 
2. Stuart Warren, Designing Organic Syntheses: A Programmed Introduction to 

the Synthon Approach, John Wiley & Sons, Cambridge, 1978. 
3. Michael B. Smith, Organic Synthesis, 2nd Edition, McGraw Hill, New York, 

2002. 
4. Paul Wyatt, Stuart Warren, Organic Synthesis: The Disconnection Approach, 

2th Edition, John Wiley & Sons, England, 2008. 
5. Thomas N. Sorrel. Organic Chemistry.  2nd ed., University Science Books, 

Sausalito, California, 2006. 
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Polymer chemistry (CHEM406) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd, 4th level) 
Code CHEM406 
Subtitle Introductory polymer chemistry 
Semester(s) in which the 
module is taught 

Spring (V, VII) 

Person responsible for the 
module 

Senior lecturer, Department of Chemistry, J.Irekhbayar, Ph.D.  

Department Department of chemistry, Organic chemistry team 
Lecturer Senior lecturer, J.Irekhbayar, Ph.D 

Senior lecturer, B.Tuyagerel, Ph.D 
Language Mongolian 
Relation to curriculum Specialty compulsory course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/polimer-himi  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours22 
Laboratory (48 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a 
grade W seven days prior to the scheduled end-of-semester (final) exam. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable 
excuse shall receive a grade ‘F’, which means unsatisfactory. In case he/she 
provides justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. 
The student is obliged to submit valid evidence along with a request for taking the 
exam to instructor within three days after the date of the examination he/she 
missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  

Recommended 
prerequisites 

CHEM204 (Organic chemistry I) 

Module objectives / 
intended learning 
outcomes 

А. Lecture: 
Students able to knowledge:  
CLO 1: General understanding of the basic methods of making synthetic 
polymers, 
CLO 2: How to modification (chemical, physical and mechanical) natural and 
synthetic polymers,  
CLO 3: General understanding of polymer solution, and solubility of polymers. 

B. Laboratory: 
PLO 1. Practical skills: Design, model, monitor, hypothesize experimental 
work according to the laboratory guidelines,  
PLO 2. Take a notes: Record the experimental results and observations 
correctly, and process the data 
CLO 3. Conclusion: Evaluate the experimental results and conclusion, 
criticize, List the used textbooks and media correctly. 

                                                
22 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 4. Communication skills, personal ethics: Fully compiling the 
laboratory's note, listening to others, performing instructions, Carry out the 
experiment with quality, Communicate with lecturers, other students and 
elders ethically, Self-protection and justification, Learning from others and 
sharing to others, Keeping the university's internal rules strictly. 
CLO 5. Environmental Impact: Investigate, identify and isolate the toxicity of 
the chemicals, protect themselves and the environment from the hazards, 
Knowledge and skills such as proper disposal of waste materials. 

Students: 
To let own fundamental notion of derivation of synthetic polymer materials, 
development, synthesis method of polymers (plastic, fiber, rubber, elastomer 
etc.); monomer structure and properties to be used; various synthesis methods 
of polymers; physical and mechanical properties of polymers; determination 
methods of molecular weight; modification of cellulose and synthesize the 
acetate, nitrate, vascular fibrosis or other polymers; polymer solubility and 
solvent properties; deformation and thermomechanical property of polymers. 
Also explains manufacturing processes and technologies used in the 
production of polymers and their thermodynamic kinetic condition, justifies 
processes of polymers development and manufacture in terms of market, 
technological and environmental considerations. 

Content Lecture 
1. Overview of polymers. Development of Polymer chemistry. 
2. Classification of polymers. Differences between of polymers and low 

molecular weight compounds.  
3. Influence of molecular force on the properties of the polymer. Cohesion.   
4. Thermomechanical properties of polymers. Thermomechanical curve. 

Elastomer state of polymers. 
5. Features of the polymer solution and solubility of polymers. Polymer 

solution with high concentration. Polymer hard solution, softening it. 
6. Introduction to polymer molecular mass. The methods of determination of 

molecular mass. 
7. Synthesis of the polymer. Linear polycondensation reaction. 

Polycondensation of multi-functional compound. Emulsion 
polycondensation. 

8. Midterm exam 
9-10.  Polymerization reactions. Radicals, photos and radiation polymerization. 

Chemical methods of stimulating chemical processes. Chain ungrowth 
polymerization, step chain polymerization 

11. Hetero or co-polymerization. Ionic polymerization. Anionic and cationic 
polymerization. 

12. Practical methods for polymerization reactions (eg, mass, emulsion, 
solution, suspension). Step-cure polymerization. Synthesize block and 
graphite polymer. 

13-14. Polymer electrolyte. Linear and nonlinear polyelectrolytes. Cationite, 
anionite. 

15. Classification of polymers. Natural and synthesis polymers.  
16. Practical important polymer. Synthesizing and processing technology. 

Laboratory 
1. Check out the safety rules and safety rules in the laboratory. 
2. Synthesize a rubber. 
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3. Acetylation of cellulose and determination of acetate group. 
4. Dissolve the cellulose to copper-ammonia solution and make artificial 

fibers. 
5. Synthesize the nitrate fiber. 
6. Synthesize the glyphtalic resin, determination gel and sole.  
7. Synthesize the amyloid from cellulose (“pergament paper”) 
8. Synthesize the sulfocationite and determination of ion-exchange capacity.   

Study and examination 
requirements and forms of 
examination 

Laboratory (20 points):  
Laboratory grade (20)=[10 (Lab safety)+88*7(Lab 2-8)]/20 
Laboratory I: Lab safety – 10 points   
Laboratory II-VIII: Experiments – 316 points (7 lab*88) 
Summary 626 poimts will be convert to 20 points. 
Additional details are given in the laboratory journal. 
Lecture assignments (20 points):  
Assignment will be held twice (each 10 points) a semester, 7 and 15 weeks in the 
academic year.  
Midterm exam (30 points): Midterm exam will be held once at the 8th week of the 
semester. The midterm exams will cover the material subjects of the I-VII lecture 
(multiple choice questions). Report the grading within 5-7 days to the students. 
Final exam (30 points): The final exam will be covering subjects of the VIII-XVI 
lecture. A student’s knowledge and skills are assessed by the multiple choice test 
exam. Report the grading within 5-7 days to the students. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Video 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/organikhimimuis/surgalt/polimer-himi 
1. D.Jambal, J.Irekhbayar, J.Irekhjargl, “The chemical physics basis of 

Polymers”, 3rd edition, Ulaanbaatar, Mongolia, 2011, (Basic text books) 
2. A.М.Shur, High molecular cpompounds, Мoscow, Russia, 1981. 
3. А.А.Toger. Physical chemistry of polymers, М-L., Chemistry, 1978. 
4. George ODIAN, Principles of Polymerization, 1991, 3rd Edition, New-York. 
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Fundamentals of metrology in chemistry (CHEM407) 

Curriculum BSc in Chemistry  
Course level Junior (4rd level) 
Code CHEM407 
Subtitle  
Semester(s) in which the 
module is taught 

 Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, analytical chemistry team 
Lecturer Professor, O.Bolormaa, Ph.D.  

Associate professor, Ch.Buyan, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours23 
Seminar     (32 hours)                                     16 hours 
Project 
Presentation  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

Analytical chemistry, CHEM 302 
Instrumental methods of analysis, CHEM 312 

Module 
objectives/intended 
learning outcomes 

Course learning outcomes are:  
Ability to use the mathematical-statistical apparatus to develop the results of 
repeat measurements of the chemical analysis 

 Identify and distinguish  terminology of metrochemistry; 

 Calculate the repeatability of the chemical analysis; 

 Analyze the repeatable results of chemical analysis; 

Ability to establish a relationship between independent variables and make 
conclusions 

 Determine the relationship between independent variables; 
- Show the relationship of independent varilabes by diagram and graphs; 

                                                
23 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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Ability to calculate the total error or uncertainty of the chemical analysis and plan 
the experiment. 

 To predict factors affecting analytical error; 

 Plan a simulated experiment in a given condition;  

 Create the experiment; 

 Formulate and evaluate the total uncertainty.  
Content This subject focuses on the metrology aspects of chemistry that are required to make 

and report quality measurements. The subject is divided into two broad areas of 
method validation, (1) what is required to make valid measurements and 
measurement uncertainty, and (2) how to calculate and report the uncertainty of a 
specific measurement in an internationally accepted manner. 
Lecture/Seminar 
- Basics of the chemical metrology, content and research   [1]-1-16; [2]-6-16 
- Analytical problem. Terminology of the metrochemistry [1]-17-37; [2]-16-32 
- Theoretical elements of probability (direct and indirect measurements, types 

errors)   [1]-17-37; [2]-33-52 
- Statistics of repeat measurements. Evaluation of statistical parameters. [1]-17- 
        37; [2]-33-52 
- Distributuion of repeated measurements (Log-normal, Gauss, Pausson 
-     distributions) [1]-37-69; [2]-43-80 
- Distributuion of repeated measurements (Fisher, Chi-squared, r-  distributions)  

[1]-26-69; [2]-45-52 
- Significance tests. Comparison of an experimental mean with a known value. 

[1]-37-697, 4-107;  [2]-120 
- Types of error in chemical analysis. Handling systematic errors. [1]-74-107; 

[2]-80-120 
- Comparison of two and more averaged results. Comparison of mean value with 

the true value. [1]-74-107; [2]-80-120 
- Evaluation of the methodology. Terms in the methodology (repeatibility, 

reproducibility, presicion, expressness,  limit of detection, limit of detection etc) 
[1]-154-185; [2]-90-120 

- Quality of chemical metrology. Total uncertainty. Process of error’s addition. 
1]-154-185;  [2]-90-120 

- Experimental design and optimisation. Randomisation and blocking. One-way 
ANOVA. Interactions. [1]-186-218 

- Two-way ANOVA. Interactions. [1]-186-218 
- Multivariate analysis. Pearson’s correlation analysis. [1]-110-151 
- Regression methods. [1]-110-151 

Study and examination 
requirements and forms of 
examination 

Seminar  (32 points): Fully concentrate on seminars, participate actively on the 
board, do homeworks, and perform mini-progress tests. 
Project  (1×15=16 points): Select from the teacher's subjects and read through their 
own textbooks and learn from their own textbooks, and write them in a timely 
manner. Season twice in VI and XIII. 
Self assessment (12 points): After completion of a specific topic, complete the task 
to examine the student's knowledge and skills. Once a semester, written in VIII 
weekly. The timing is 90 minutes. 
Students can use their lectures, seminars notes  openly. 
Exam (40 points): The examination is organized as a written examination of all 
content in the XVII-XIX week. These include assignments, true /false tasks, 
questions, and policies. The timing is 90 minutes. 
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Students can use their lectures and seminars on their own. Quarterly checks are 
updated within 5 working days and summarized  in the  the SISI system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video etc.  

Reading list Lecture notes, seminar and lab materials on webpage: 
1. J.N. Miller, J.C. Miller, Statistics and Chemometrics for Analytical Chemistry, 

6th ed, Pearson Prentice Hall, 2009. 
2. Т.Мөнгөн, Ө. Доржханд Эрдэсийн түүхий эдийн химийн тоон 

шинжилгээний хэмжил зүйн үндэс ”Бэмби сан” ХХК, 2014. 
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Analytical environmental chemistry (CHEM408) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th level) 
Code CHEM408 
Subtitle Environmental chemistry from the point of view of analytical chemistry 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of Chemistry, Analytical chemistry team 
Lecturer Professor, O. Bolormaa, Ph.D.  

Associate professor, Ch. Buyan, Ph.D. 
Language Mongolian 
Relation to curriculum Selective major course 
Webpage https://sites.google.com/site/analitikhimijnhamtlag/home 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours24 
Laboratory (48 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. When a student does not participate 1/3 of any form of the course (lecture, 
seminar or laboratory) the instructor shall grade him/her as F* within 15th to 16th 
weeks of a semester. This grade will equally considered as grade F for students. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  

Recommended 
prerequisites 

CHEM302 (Analytical chemistry) 
CHEM312 (Instrumental methods of analysis) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students know that physical and chemical properties of water, water 
pollutants and water/wastewater treatment methods, methods of water analysis and 
are able to: 

CLO 1.1. to do water sampling and to prepare for analysis; 
CLO 1.2. to conduct field experiment of physicochemical parameters of water; 
CLO 1.3. to conduct laboratory experiment of chemical compositions of water; 
CLO 1.4. to analyze data and to graph results; 
CLO 1.5. to apply statistical methods for evaluation of lab data and to interpret 
results properly; 
CLO 1.6. to plan similar analysis on the basis of own lab experience and 
others’ studies written in research papers; 

CLO 2. Students know that physical and chemical properties of soil, soil pollutants 
and methods of soil analysis and are able to: 

                                                
24 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 2.1. to do soil sampling and to prepare for analysis; 
CLO 2.2. to conduct laboratory experiment of physical properties of soil; 
CLO 2.3. to conduct soil nutrient analysis (nitrogen, phosphorus, organic 
matter and humic acids); 
CLO 2.4. to analyze data and to graph results; 
CLO 2.5. to apply statistical methods for evaluation of lab data and to interpret 
results properly; 
CLO 2.6. to plan similar analysis on the basis of own lab experience and 
others’ studies written in research papers; 

CLO 3. Students know that physical and chemical properties of air or atmosphere, 
air pollutants and methods of air quality analysis and are able to: 

CLO 3.1. to analyze air quality parameters of indoor as well as outdoor air; 
CLO 3.2. to evaluate air quality; 

CLO 4. Student know that physical and chemical properties, classification and 
treatment technologies of solid waste. 
CLO 5. Students able to understand that chemistry is interrelated to other sciences. 

CLO 5.1. to distinguish similarities and differences within branches of 
chemistry and summarize opinions;  
CLO 5.2. to judge correlation of chemistry with other subjects by comparing 
them; 

Content Lecture/Seminar 
 What is environmental science? Basic concepts and objectives.  

 Human impacts to environments. Environmental pollution. Solutions offered 
by science and technology. 

 WATER. Hydrosphere. Characteristics of water. Water bodies. Water supply 
and resources. Water use and consumption. 

 Aquatic chemistry, biology and microbiology.  

 Water pollution. Typical water pollutants.  

 Water/wastewater treatment techniques. 

 Biogeochemical cycles: carbon, nitrogen, oxygen phosphorus and sulfur 
cycles.  

 SOIL. Geosphere, soil, sediment. Soil types and layers. Soil erosion. 
Mongolian case. 

 Characteristics and physico-chemical parameters soil.  

 Soil pollution. Soil treatment options.   
 AIR. Composition of atmosphere. Regions and stratification of atmosphere. 

Weather. Climate change. Global problems.  
 Atmospheric chemistry. Chemical processes in atmosphere. 

 Air pollution. Air quality monitoring.  

 WASTE. Hazardous waste, its characteristics. Solid waste, its classification. 

 Reducing and recycling of solid waste. Disposal of wastes. 
Laboratory 
 Water sampling. Determination of physic-chemical parameters of water. 

 Determination of major cations in water.  
 Determination of major anions in water.  

 Determination of biogenic parameters of water. 

 Soil sampling. Determination of physic-chemical parameters of soil. 

 Determination of nutritional parameters of soil. 

 Determination of microelements in soil by XRD. 
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 Sampling indoor air. Determination of five main indices of air quality 
monitoring in indoor air sample. 

Study and examination 
requirements and forms of 
examination 

Lecture attendance (4 points): On-time attendance to all lectures is required and 
active participation is highly appreciated. 
Written reports (2×6=12 points): Students will be responsible for two papers by 
groups of two or three students. Students in group should work together. The 
instructor will announce certain topics related to spectroscopic and electrochemical 
techniques that frequently employed in chemical analysis in the 6th and 13th weeks. 
Students may need to research additional sources of information. Specific 
formatting instructions will be provided. Overdue is not allowed. 
Laboratory practice (8×4=32 points): Students are responsible for purchasing an 
approved laboratory notebook before the first laboratory period, and for bringing 
their notebook to every laboratory period. Eight laboratory periods will be 
completed and each laboratory manual will be made available in their laboratory 
notebook. Students are sure to clearly label your laboratory notebook cover and 
pages with dates, your name, and experiment/course details. For each procedure, 
include the objective(s), notes on sample preparation and data acquisition 
procedures, relevant variables and parameters. Students must conduct laboratory 
experiments in pairs properly and accurately following the laboratory safety rules. 
Each student is responsible for submitting independent reports written in the 
laboratory notebook for every laboratory experiment. Reports must contain 
correctly analysed data and briefly summarized results and answered content 
questions. 
Midterm exam (12 points): Midterm exam will be held once a semester during the 
8th week after certain topics being taught. The exact date and location of the midterm 
exam will be announced. Exam may include multiple choice questions, short answer 
responses, calculations, and lab practice questions. Time allowed is 90 minutes. 
Results of exam will be announced one day later by student code. 
End-of-semester (final) exam (40 points): Final exam covers the lecture, seminar 
and lab practice materials presented throughout the semester and will be held 
during final exam week. The exact date and location of the final exam will be 
announced. It will be appeared in either writing or speaking form. Exam may 
include multiple choice questions, short answer and long answer responses, 
calculations, and lab practice questions. Time allowed is 90 minutes. Results of 
exam will be announced one day later by student code. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Video  
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/analitikhimijnhamtlag/products-
services/bakalavr/analizyn-h-reelen-buj-orcny-himi 
1. Stanley E. Manahan. Environmental science and technology. Boca Raton. 

Lewis publishers. 1997. 
2. Soil sampling and methods of analysis. Ed. by Martin R. Carter. Boca Raton. 

Lewis Publishers. 1993 
3. “Анализын хүрээлэн буй орчны хими” хичээлийн лабораторийн ажлын 

дэвтэр. Эмхэт. О.Болормаа, Ч. Буян. УБ.: МУИС Хэвлэх Үйлдвэр. 2017 
(in Mongolian)    
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Concentration and separation methods (CHEM409) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th level) 
Code CHEM408 
Subtitle Analytical methods for sample preparation  
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of Chemistry, Analytical chemistry team 
Lecturer Professor, O. Bolormaa, Ph.D.  

Associate professor, Ch. Buyan, Ph.D. 
Language Mongolian 
Relation to curriculum Selective major course 
Webpage https://sites.google.com/site/analitikhimijnhamtlag/home 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours25 
Seminar     (32 hours)                                     16 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. When a student does not participate 1/3 of any form of the course (lecture, 
seminar or laboratory) the instructor shall grade him/her as F* within 15th to 16th 
weeks of a semester. This grade will equally considered as grade F for students. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  

Recommended 
prerequisites 

CHEM302 (Analytical chemistry) 
CHEM312 (Instrumental methods of analysis) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students are able to use extraction methods.  
CLO 1.1. to select an appropriate extraction method for the given sample; 
CLO 1.2. to perform required calculation for extraction of organic and 
inorganic compounds; 
CLO 1.3. to conduct extraction using the selected method following the 
computation; 

CLO 2. Students are able to use other concentration and separation methods. 
CLO 2.1. to conduct sorption in the given sample based on the principles of 
sorption methods; 
CLO 2.2. to select appropriate one between precipitation and co-precipitation 
methods and to conduct analysis using the selected method in the given sample; 
CLO 2.3. to select appropriate one between sublimation and distillation methods 
and to conduct analysis using the selected method in the given sample; 

                                                
25 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 2.4. to conduct concentration of low-content microelements using 
floatation method at laboratory condition; 
CLO 2.5. to plan an concentration and separation analysis regarding to 
analyte’s properties, to conduct analysis and to report on results; 
CLO 2.6. to compare research papers and to conclude. 

CLO 3. Students able to understand that chemistry is interrelated to other sciences. 
CLO 3.1. to distinguish similarities and differences within branches of chemistry 
and summarize opinions;  
CLO 3.2. to judge correlation of chemistry with other subjects by comparing 
them; 

Content Lecture/Seminar 
 Introduction to the mehtods of concentration, extraction and separation 

method and application of the methods  
 General properties of extraction, significance of extraction. Breif historical 

aspects. Recent researches. Modern status, general understanding, 
nomenclature of extraction 

 Quantitative properties of extractions  
 Extraction of organic and inorganic compounds.  

 Application of extraction methods  

 General principles and features of sorbtion methods. Sorbents, request to the 
sorbents. Sourcing parameters and techniques of sorbtion method. Filter 
methods of sorbtion.  

 Synthetic  ionits, their main types, processes, and systems.  

 Specification of precipitation and co-precipitation methods, advantages and 
disadvantages, selective separation of precipitation and co-precipitation 
methods. 

 Advantages and disadvantages of precipitaion and co-precicpitaion methods. 
Selectivity of precipitation and co-precipitation methods.  

 Co-precipitaion method on collector with microelements and matrixes.  

 Classification of electrochemical concetration methods  

 Microelectronics and matrix electrolysisation, cementation, and other 
electrochemical methods for concentrations.  

 Principle of evaporation and pre-concentration methods. Distillation, 
decomposition, and distillation of moleculs.  Sublimation. Characteristics of 
the evaporation and distribution coefficients. Remove the microstructure from 
the matrix. 

 Roles of solvent and collectors, hydrants, halogen and oxides, evaporated 
fractions and gas extraction-nutrients. 

 Distillation of solutions. Distillation of gases, Principles and applications .  

 Crystallization and separation methods. Significance of crystallation 
methods. Ctrystallization of ultra pure substances  

Study and examination 
requirements and forms of 
examination 

Lecture attendance (4 points): On-time attendance to all lectures is required and 
active participation is highly appreciated. 
Written reports (2×6=12 points): Students will be responsible for two papers by 
groups of two or three students. Students in group should work together. The 
instructor will announce certain topics related to spectroscopic and electrochemical 
techniques that frequently employed in chemical analysis in the 6th and 13th weeks. 
Students may need to research additional sources of information. Specific 
formatting instructions will be provided. Overdue is not allowed. 
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Seminar (32 points): On-time attendance is required. In-class participation such as 
solving problems on a whiteboard, asking and answering questions and 
contribution to discussion and group activities are encouraged. Homework 
assignments will be completed individually. Numerical answers must be reported 
with the correct number of significant figures and units. Graphs must be properly 
titled and all axes must be labelled. There will be two graded problem sets in this 
course. Problem sets are designed to practice problem-solving skills. Any extra 
credit will be given at the discretion of the instructor. Extra credit opportunities may 
appear in the form of classroom participation.  
Midterm exam (12 points): Midterm exam will be held once a semester during the 
8th week after certain topics being taught. The exact date and location of the midterm 
exam will be announced. Exam may include multiple choice questions, short answer 
responses, calculations, and lab practice questions. Time allowed is 90 minutes. 
Results of exam will be announced one day later by student code. 
End-of-semester (final) exam (40 points): Final exam covers the lecture, seminar 
and lab practice materials presented throughout the semester and will be held 
during final exam week. The exact date and location of the final exam will be 
announced. It will be appeared in either writing or speaking form. Exam may 
include multiple choice questions, short answer and long answer responses, 
calculations, and lab practice questions. Time allowed is 90 minutes. Results of 
exam will be announced one day later by student code. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Video  
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/analitikhimijnhamtlag/products-
services/bakalavr/analizyn-baazuulah-bolon-salgah-arguud 
1. Somenath Mitra.  Sample Preparation Techniques in Analytical Chemistry, A. 

John Wiley&Sons, Inc., publication, v 162, 2003. 
2. Шаулина Л.П. Методы разделения и концентрирования Иркутск, Изд-во 

ИГУ, 2014. (in Russian)      
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Electrochemistry (CHEM410) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM410 
Subtitle Introductory electrochemistry 
Semester(s) in which the 
module is taught 

Fall, Spring (VII, VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Associate professor, A.Altangerel, Ph.D. 

Associate professor, D.Sarangerel, Ph.D.  
Senior lecturer, B.Sukhbaatar, MS. 

Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://goo.gl/x1LC7o 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours26 
Laboratory (48 hours)                                     96 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. 
Module regulation is covered by NUM’ regulation and policy. 

Recommended 
prerequisites 

CHEM307 (Physical chemistry-2) 

Module 
objectives/intended 
learning outcomes 

This course will be study on charge transfer at the boundary between conducting 
and semiconducting phase, property of electrolyte solution, the structure of the 
electrode/electrolyte interface and on those electron transfer processes, the 
relationship between current and potential at an electrode surface, and explores the 
consequence of this relationship in a variety of simple but important electrochemical 
reactions and methods for the study of the electrode/electrolyte interface, 
electrochemical processes at the industries, some important galvanic cells and fuel 
cells.  

Students will learn 

a. To understand application and difference between galvanic and electrolyte cell 

                                                
26 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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b. To understand and explain electrochemical concepts such as electrochemical 
cell, half- cell reaction, cell and electrode potential, over potential and 
polarization.  

c. To calculate standard reduction potential that depends on electrode type. 
d. To calculate cell potential that depends on cell type. 
e. To derivate the relation between chemical energy and electrical energy 
f. To explain electrochemical process on fuel cell and battery and to derive its 

potential that depends on cell type. 
g. To describe the relation between electrochemical problems such as electrode 

process, battery and fuel cell and chemistry and other sciences’ concepts and 
to explain its role on life 

h. To explain electrochemical methods (purifying metals and electrochemical 
extraction, separation methods of inorganic compound, electro dialysis, and 
electrophoresis et al.) of chemical industry based on theory.  

i. To acquire the knowledge and skills of the individual; to learn self-control and 
self-management; to make decision, think and learn with others; to be able to 
communicate by writing and speaking skill for result in native language and 
secondary language. 

j. To freely express own opinion, to listen to the opinions of others, and to realize 
own role in team work 

k. To find information from manual, textbook, internet and science reference 
database, to find and apply textbook and journal, to collect information, to sort 
and separate off collected information,  

l. To identify dependent and independent variables based on experiment data 
and specific task, to predict what is measured in what kind of condition and to 
explain answer based on theory. 

m. To understand physical and chemical properties and its hazards, to work with 
chemicals safely, and to evaluate, prevent, and take care the hazards that may 
occur during the chemical experiments. 

n. To predict experiment result, to design and plan the experiment, to explain 
and be  aware of the occurrence of incomplete, irrelevant and misleading 
results and to make conclusion 

o. To work with quantitative testing instruments, to calibrate instruments, to 
choose correct solution, to determine measurement error if it has then  to 
recalibrate. 

p. To recognize data pattern of the observations and measurements and to explain 
data pattern based on theory. 

q. To predict the electrochemical application (battery, storage, electrochemical 
deposition of metals, corrosion et al.) in real life, to find fact, to explain based 
on physical chemistry theory, to detect reason, to prove the prediction, to make 
conclusion  

Content Lecture 
 Electrical conductivity, ion-ion interaction 

 Electrode potential and structure of electrical double layer in phase boundary 

 Electric potential and electric current 

 Methods for electrode/electrolyte boundary 

 Electrochemical reaction mechanism 

 Electrochemical process on industry 

 Galvanic cell 
Laboratory 
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 Determination of the dissociation constants of weak electrolytes 

 Determination of standard electrode potential of the redox electrode. 

 Determination of the solubility products of slightly soluble metal hydroxides 

 Determination of the sodium thiosulfate concentration by coulometer in 
aqueous solution 

 Determination of the ionic oxidation and reduction form by cyclic voltammeter 
in aqueous solution 

 Determination of the thermodynamic properties of electrode 

 Determination of the ion transport number in sulfuric acid media 

 Study on metal anode dissolving 
Study and examination 
requirements and forms of 
examination 

Laboratory (20 points): Each implementation is graded by difficulty degree* on 
laboratory software. If student cannot finish his/her implementation on time, he/she 
can finish his/her implementation next week. Two week late implementation are not 
accepted or graded. Some implementation is graded by oral. In order to identify 
students’ error during implementation problem set is prepared by step by step.    
Homework (15 points): Instructor gives problem sets and grades it by percentage 
on V, X and XV weeks according to lecture content on lecture. Students solve 
problem sets by individually.  
Assessment (20 points): Students perform assessment according to course content 
that is given on IX week and is graded on XI week. Assessment would be explanation 
of the working principle of battery and fuel cell or sometime electrochemical cell 
calculation. Report is graded by special criteria.  
Midterm exam (15 points): The midterm exam is taken once. It is taken by content 
of I-VII week topics on IX week. The midterm exam’ form would be the free response 
questions, problem sets and implementation(s). The exam is graded by pre-prepared 
special criteria. The exam is prepared to execute within 90 minutes. The exam 
duration time is approximated by average execution time. It is open book exam. The 
exam is graded within 5 working days. Grade is entered to SISI system on column 
O1. Solution is enabled, explained, discussed on XI week lecture time. 
Final  exam(30 points): 
The final exam is taken writing examination of all the topics covered in the course 
between XVII week and XIX week. The final exam includes combination of multiple-
choice, free response questions and problem sets with points. The free response 
questions and problem sets is graded by special criteria such as equation selection, 
derivation, unit conversion. The exam is prepared to execute within 90 minutes. The 
exam duration time is approximated by average execution time. It is open book 
exam. The exam is graded within 5 working days. Grade is entered to SISI system 
on column O3. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video 

Reading list Lecture notes, seminar and lab materials on webpage: https://goo.gl/x1LC7o 
1. C.H.Hamann, A.Hamnett, W.Vielstich, Electrochemistry, Wiley-VCH, 2007 
2. V.S.Bagotsky, Fundamentals of electrochemistry, Wiley-Interscience, 2006 
3. Д.Сарангэрэл, А.Алтангэрэл, Б.Сүхбаатар, Физик химийн бодлого, 

дасгал, Битпресс, 2014 
4. P.Atkins, Physical Chemistry, 5th-7th ed., 1994-2002 (үндсэн сурах бичиг) 
5. Физик хими хичээлийн лабораторын ажлын удирдамж, Адмон ХХК, 2017 
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Surface and colloid chemistry (CHEM411) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th level) 
Code CHEM411 
Subtitle Introductory Surface and Colloid Chemistry 
Semester(s) in which the 
module is taught 

Fall, Spring (VII, VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Senior lecturer, B.Sukhbaatar, MS. 

Associate professor, D.Sarangerel, Ph.D.  
Associate professor, A.Altangerel, Ph.D. 

Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://goo.gl/x1LC7o 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours27 
Seminar     (32 hours)                                     16 hours 
Laboratory (48 hours)                                     96 hours 

Credit points (CP) 4 credit points (Lecture – 2 CP, Seminar – 1 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. 
Module regulation is covered by NUM’ regulation and policy.  

Recommended 
prerequisites 

CHEM307 (Physical chemistry-II) 

Module 
objectives/intended 
learning outcomes 

Students will learn 

- To define and explain disperse system, its properties and stability and 
surface- and interfacial phenomena. 

- To think logically and explain the problem of surface and colloid chemistry; 
to express own opinion and to make decision for resolving the problem 

- To estimate the measurement results accurately and appropriately, to express 
the experiment’ results by plot correctly, to describe patterns of graphical 
relationships, to perform numeric calculations on plot. 

                                                
27 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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- To perform the experiment of surface and colloid chemistry; to explain and 
perform numeric calculations of experiment’ result; to predict experimental 
patterns 

- To possess characters for chemist such as independence, responsible and 
personal organization. 

- To freely express own opinion, to listen to the opinions of others, and to 
realize own role in team work 

- To find information from manual, textbook, internet and science reference 
database, to find and apply textbook and journal, to collect information, to 
sort and separate off collected information 

Content Lecture 
 Introduction to Colloid and Surface Chemistry 

 Intermolecular and Interparticle Forces 

 Fundamental Equations in Colloid and Surface Science 

 Surfactants and Self-assembly. Detergents and Cleaning 

 Kinetic Properties and Rheology 

 Optical Properties (Scattering, Spectroscopy and Microscopy) 

 Wetting and Adhesion 

 Adsorption in Colloid and Surface Science 

 Colloid Stability, The Major Players (van der Waals and Electrical Forces) 

 The DLVO Theory – Kinetics of Aggregation 
 Emulsions, Foams 

 Multicomponent Adsorption 
Seminar 
 Introduction to Colloid and Surface Chemistry 

 Intermolecular and Interparticle Forces 

 Fundamental Equations in Colloid and Surface Science 

 Characterization Methods of Colloids  
 Wetting and Adhesion 

 Adsorption in Colloid and Surface Science 

 Colloid Stability, 

 Emulsions, Foams 
Laboratory 
 Synthesis of colloid particles 

 The influence of short-chain alcohols on surface tension 

 Sedimentation rate and particle size distribution 

 Isoelectric points 

 Coagulation or flocculation or precipitation 

 Swelling kinetics of polymers 

 Adsorption at the liquid-gas interface 
 Adsorption at the liquid-solid interface 

Study and examination 
requirements and forms of 
examination 

Seminar (20 points): Each seminar has homework and is graded during seminar.  
Homework grade is scaled to total number of homework problem sets by 10 points. 
The problem set is discussed and unsolved problem is explained on each seminar. 
Percentage of solved problem is calculated on each seminar. Problem set is solved 
by individual, coupled and team form and examined. 
Laboratory (8×2.5=20 points): Each laboratory report is graded by special criteria 
out of 2.5 point. If student cannot finish his/her report on time, he/she can finish 
his/her report within 8 week cycle. Late report are accepted and graded.  
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Assessment (30 points): Students perform the assessment according to course 
content from VIII week to X week during two weeks. The assessment is parameter 
estimation and fitting model to research data according to criteria given by 
lecture/seminar/laboratory. Assessment report is graded by special criteria.  
Midterm exam (20 points): The midterm exam is taken once. It is taken by content 
of I-VII week topics on IX week. The midterm exam’ form would be the free response 
questions, problem sets and implementation(s). The exam is graded by pre-prepared 
special criteria. The exam is prepared to execute within 90 minutes. The exam 
duration time is approximated by average execution time. It is open book exam. The 
exam is graded within 5 working days. Grade is entered to SISI system on column 
O1. Solution is enabled, explained, discussed on XI week lecture time. 
Final  exam(30 points): 
The final exam is taken writing examination of all the topics covered in the course 
between XVII week and XIX week. The final exam includes combination of multiple-
choice, free response questions and problem sets with points. The free response 
questions and problem sets is graded by special criteria such as equation selection, 
derivation, unit conversion. The exam is prepared to execute within 90 minutes. The 
exam duration time is approximated by average execution time. It is open book 
exam. The exam is graded within 5 working days. Grade is entered to SISI system 
on column O3. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video 

Reading list Lecture notes, seminar and lab materials on webpage: https://goo.gl/5sQxQZ 
1. G. M. Kontogeorgis and S. Kiil, “Front Matter,” in Introduction to Applied 

Colloid and Surface Chemistry, John Wiley & Sons, Ltd, 2016. 
2. Д. Сарангэрэл, А.Алтангэрэл, and Б. Сүхбаатар, Коллоид химийн гарын 

авлага (оюутанд зориулсан), 4th ed. МУИС-ийн хэвлэх үйлдвэр, 2017. 
3. A. W. Adamson and A. P. Gast, Physical Chemistry of Surfaces, 6th ed. Wiley-

Interscience, 1997. 
4. Dulcan J.Shaw, Introduction to Colloid & Surface Chemistry, Fourth edition, 

1992 
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Molecular structure and spectroscopy (CHEM412) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th level) 
Code CHEM412 
Subtitle Introductory quantum chemistry 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Associate professor, D.Sarangerel, Ph.D.  

Associate professor, A.Altangerel, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty compulsory course 
Webpage https://sites.google.com/site/fizikhimi/surgalt/bakalavr/  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (40 hours)                                     80 hours28 
Seminar     (32 hours)                                     16 hours 
Laboratory (24 hours)                                     - 

Credit points (CP) 4 credit points (Lecture – 2.5 CP, Seminar – 1 CP, Laboratory – 0.5 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may 
exempted from an exam and get corresponding grade with his/her achievement. 

Recommended 
prerequisites 

CHEM303 (Physical chemistry I) 

Module 
objectives/intended 
learning outcomes 

Students are able to 
- Understand basic principles of quantum mechanics 
- Understand complexity of atomic spectra due to spin and orbit coupling and 

explain term symbol 
- Demonstrate knowledge of basic laws of physical chemistry used to molecular 

spectroscopy 
- To have knowledge of fundamental concept of molecular spectroscopy 
- To select appropriate molecular spectroscopic method to solve given scientific 

problems 
- Analyze experimental results using molecular spectroscopic methods 

                                                
28 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох зэрэг багтана. 
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- Interpret interrelation of molecular structure and behavior of wave and particle 
- Understand the principle of electronic, vibrational and rotational spectroscopy 
- Explain effect of electric and magnetic fields on absorption and emission of 

atoms and molecules  
- To have knowledge core theory of modern computational theory on chemistry, 

to select appropriate theoretical methods and to interpret the results and data 
scientifically 

- Identify symmetric element in given molecules and recognize their importance 
in spectroscopy 

Content Lecture/Seminar 
 Chemical bond of diatomic molecules 

 Molecular structure and energy level  

 Electronic spectroscopy 

 Computational chemistry 

 Molecular symmetry 
(Computer) Laboratory 
 Chemical bond of diatomic molecules 

 Molecular structure and energy level  

 Electronic spectroscopy 

 Computational chemistry 

 Molecular symmetry 
Study and examination 
requirements and forms of 
examination 

Seminar (20 points): At each seminar, the students will receive homework. Students 
will work individually, in pairs and in small groups in seminar. The mini exam will 
be taking 5 times (3rd, 6th, 9th, 12th and 15th weeks) per semester, each 2 points (totally 
2 × 5 = 10 points). Time limit of each mini exam is 20 minutes. The mini exam has 
one problem including contents of last 3 or 4 seminars. The students have to prepare 
the presentation two times (6th and 12th weeks) during semester. Each presentation 
will be graded 5 points.  
Laboratory (8×2.5=20 points): The computer laboratory will be conducting using 
open source software. Every lab assignments has 2.5 points. After every lab teacher 
will assess students considering with their performance. If students will improve 
their assignments’ performance within a week, they can take full points.  
Assignments (1×15=15 points): The assignment (12 points) can be giving by either 
problem solving task or report at 8-10th weeks for 14 days. Students have to perform 
their assignments individually. If assignment will be taking with problem-solving 
tasks students will be assessing according to pre-determined performance criteria. 
If assignment will be taking with report students will be assessing according to pre-
determined rubric. Students have to defend their products to teacher (3 points). 
Mid-term exam (15 points): Midterm exam will be taking once at 8th week as a 
written exam. Midterm exam includes multiple choice questions, true/false 
questions, questions and problem sets. Time limit is 90 minutes. The exam is open 
book exam. Teacher will report grade in the information system of SISI within 5 
working days of the examination (O1 session). Teacher will explain and discus 
correct answer of the midterm exam on 9th week. 
Final exam (30 points): Final exam will be taking after course completion at 16 or 
17th week as a written exam. Final exam includes multiple choice questions, 
true/false questions, questions and problem sets. Time limit is 90 minutes. The exam 
is open book exam. Teacher will report grade in the information system of SISI 
within 5 working days of the examination (O3 session).  

Media employed MS PowerPoint, Projector, personal computer, Molecular model, Animation, Video 
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Reading list Lecture notes, seminar and lab materials on webpage of physical chemistry team 
1. T.Engel, Quantum chemistry & spectroscopy, 3rd edition, Pearson education, 

2013, (Main textbook) 
2. McQuarrie, Quantum Chemistry, 2nd edition, University Science Books, 2007 

(Main textbook) 
3. P.W.Atkins and J. de Paula, Physical Chemistry, 5-9th editions, Oxford press, 

1998-2010 
4. Christopher J.Cramer, Essentials of computational chemistry: theories and 

models, 2nd edition, John Wiley & Sons Ltd., 2004. 
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Food chemistry analysis (CHEM413) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM413 
Subtitle Food compositions and their analysis 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, organic chemistry team 
Lecturer Associate professor, B.Munkhjargal, Ph.D.  

Senior instructor, B.Tuyagerel, Ph.D. 
Senior instructor, L.Munkhtsetseg, Ph.D. 

Language Mongolian 
Relation to curriculum Specialty compulsory  course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/h-nsnij-himi-ba-analiz 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours29 
Laboratory (48 hours)                                     - 
Presentation,   

Credit points (CP) 3 credit points (Lecture – 2 CP,  Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. When student misses 1/3 of lecture or, seminar or laboratory, teacher will 
assign F* for him/her on the last week (15-16th week) of semester. This grade is same 
as F.  
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

BIOC300 (Biochemistry) 

Module 
objectives/intended 
learning outcomes 

 Students know how to able to 
 Provide theoretical knowledge of compositions and structure of the food and 

food raw materials, their physic-chemical and biological characteristics, food 
additives and toxic compounds in food, physic-chemical changes during food 
processing, chemical reactions of the processing, current food analysis  

 Analyse to evaluate qualities of milk and milk products, meat and meat products, 
beverages, flour and flour product, tea, alcohols, and their raw materials by 
standard methods.      

                                                
29 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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 Read suitable research paper related food chemistry in Mongolian, acquire 
necessary information and have skills to analyze and create scheme of whole 
research and prepare presentation, introduce to others, work on the Office 
PowerPoint and Word.     

 Participate in classroom and social life, express own idea and interest to others, 
work in a team, make joint decision, agree with others’ opinion.   

Content Lecture/Seminar 
 Part I. Introduction of food chemistry  

 Chemistry of milk and milk production  

 Chemistry of  meat and meat production 

 Chemistry of cereals and their products 

 Chemistry of vegetable and fruits  

 Chemistry of oil and oil products 
 Chemistry of products include alkaloids such as tea, coffee and cacao  

 Chemistry of food products using biotechnology (beer, wine and alcohols)   

 Chemistry of food flavors  

 Food additives chemistry  

 Part II. Food analysis   
 Analysis of protein, enzyme and amino acids  

 Food carbohydrate analysis  

 Food oil and fat analysis  

 Vitamins analysis  
 Laboratory 
 Laboratory safety and solution preparation  

 Methods for beer analysis (distillation alcohols, determination of density and so 
on.) 

 Methods for tea analysis (isolation of tannin, determination of moisture and ash) 

 Methods for meat product analysis (determination of nitrite, fat content and so 
on)  

 Methods for milk analysis (determination of fat content by butirometer, 
purification analysis )  

 Methods for flour analysis (determination of minerals, starch) 

 Methods for non-alcohol beverages analysis (sugar content by refractometry) 

 Methods for candies’ analysis 
Study and examination 
requirements and forms of 
examination 

Laboratory (20 points): Student will totally collect 200 points from all laboratory 
experiments and final total points will be transpose to 20 point   
One experiment grading   

 Goal and aims 10 points 

 Pre-lab questions 20 points 
 Experiment preparation 40 points 

 Experiment performance 50 points 

 Experiment result  30 points 

 Post-lab questions 20 

 Conclusions 10 points.  
Student self-study (20 points): Student will find suitable research paper related 
food science in Mongolian, prepare and present .ppt during 8 weeks.    
Grading: 
 Selection of paper  – 2 points, 3rd week, (to send chosen paper via Sisi)  
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 Create method scheme of the paper – 9 points, 6th week (to send prepared 
scheme via Sisi)  

 Prepare slides of presentation  – 6 points, 8th week (to send .ppt file by Sisi)  

 Presentation – 3 points, 9th week  
Mid-term exam (30 points): Mid-term exam will be taken once on the lecture hours 
in 8th week. The exam will be including lecture and laboratory contents of first 7 
week. Types of the exam questions are multiple choice, short answer, calculating 
problems and writing.    
Final exam (30 points): Final exam will be taken once by oral on the lecture hours 
in 17h week. The exam will be including lecture and laboratory contents of last 8 
week. Student will be examined by oral; he/she will pull out two questions and 
prepare for 40 minute and then answer. One question will be 15 point, totally 30 
points. Additionally, student will answer additional one question directly without 
preparation. It will be 10 points.   

Media employed MS PowerPoint, Projector, notebook or personal computer,  
Reading list Lecture notes and lab materials on webpage: 

https://sites.google.com/site/organikhimimuis/surgalt/h-nsnij-himi-ba-analiz 
1. Tsevegsuren, N., Myagmarsuren, S., Munkhjargal, B., and TuyagerelB. (2004), 

Food Chemistry, NUM Press, Ulaanbaatar. 
2. Tsevegsuren, N., Myagmarsuren, S., and Munkhjargal, B., (2004), Food Safety 

Analysis, NUM Press, Ulaanbaatar.     
3. Laboratory note for Food chemistry and analysis, (2017). 
4. Food Chemistry, (1996), Ed. O.R.Fennema, Marcel Dekker,Inc. 
5. H.Belitz, W.Grosch, (1995), Food Chemistry, Springer Verlag. 
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Food technology (CHEM414) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM414 
Subtitle  
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Associate professor, B.Munkhjargal, Ph.D.  

Senior lecturer, B.Tuyagerel, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty compulsory course 
Webpage https://numhunsbaigaliinnegdel.blogspot.com/    
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours30 
Seminar     (0 hours)                                        - 
Laboratory (48 hours)                                     - 
Project 
Presentation  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 0 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student does not attend one of the three types (Lectures, seminars, 
or laboratories), make a note of the F * teacher within the 15-16 week of the lesson. 
This assessment is considered as a student F assessment. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a 
grade W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation 
in class discussions and successfully satisfies all requirements of midterm tests may 
be exempted from an exam and get corresponding grade with his/her achievement. 

Recommended 
prerequisites 

Food chemistry and analysis CHEM413 

                                                
30 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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Module 
objectives/intended 
learning outcomes 

Students will develop: 
Understand and explain manufacturing processes and technologies used in the 
production of food products, justifies processes of food product development and 
manufacture in terms of market, technological and environmental considerations. 
Describe changes which occur during processing, preparation and storage of food 
and reproducing process using food manufacturing by-products.  
Skill in designing implementing and evaluating solutions of project which is 
manufacturing new functional food products of based on theoretical knowledge.   
 to as the cost of production, production costs include expenditures relating to the 
manufacturing or creation of goods.  
Skill necessary to propose experiments that would confirm to isolate food 
ingredients. Selects appropriate equipment, applies suitable techniques, and 
utilises safe and hygienic practices for experiments that would confirm the above 
proposal.  

Content Lecture 
 An Introduction to food processing technology 

 Food processing methods and their dissimilarity 

 Changes which occur during processing, preparation and storage of food 

 Technology of milk and milk products  

 Technology of meat and meat products 

 Technology of fish and egg products 

 Technology of cereals and grains-I: flour 
  Technology of cereals and grains-II: pasta, bread, bakery 

 Technology of fermented soybean products 

 Technology of fruits and vegetables 

 Technology of oil and fat added food products 

 Technology of tea product: beverage contain alkaloids-tea, coffee, cacao 
 Biotechnology applications in food processing: wine, beer, alcohol and 

vinegar 
Laboratory 

 Lab safety and determination of moisture content in plants 
 Isolation of caffeine from tea and coffee 

 Isolation of casein and lactose from milk 

 Isolation of ethanol from sucrose  

 Isolation pigments from vegetable 

 Introduction practice  manufacturing process -I: beverage, mineral water, 
alcoholic beverage  

 Introduction practice  manufacturing process -II: milk and milk products 
 Introduction practice  manufacturing process -III: meat and meat products 

Study and examination 
requirements and forms of 
examination 

Laboratory (20 points): Your overall lab performance will be worth 20% of the 
course grade. You have been assigned to one of eight  sections.  
Laboratory I: Lab safety – 1   
Laboratory II-V: Experiments – 16 
Laboratory VI-VIII: Introduction practice – 3  
Additional details are given in the laboratory journal.  
Assignment and homework (20 points): Assignment will be held once a semester. 
The Lecture assignment project will be developed for a food factory and 3-4 
students will be one team and this task will be completed within 15 weeks. Lecturer 
will evaluate project progress once every two weeks. The task is to score 13 
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indicators during the assignment. Based on this conclusion, 20 points will be scored 
to 13 criterions equals 1.54 points.  
Midterm exam (20 points): Midterm Exam will be held once a semester. The 
midterm exams will cover the material subjects of the I-VII lecture and laboratory. 
There are 3 methods used to assess and score. Multiple choice questions compose, 
47% (12 tests, each test is scored 2 points), short answers items are, 23.5% (4 items, 
each item is scored 3 points), problem exercise items are 10% of the total midterm 
exam. Experimental skills are assessed by solving problems and performing 
exercise items are 20% of the total midterm exam.  There are a total of 20 points 
available for the  course.  
Final exam (40 points): The final exam will be covering subjects of the VIII-XVI 
lecture. A student’s knowledge and skills are assessed by oral exam. Student will to 
draw lots 2 questions and answer. One question should be 15 points and two 
questions are answered within 40 minutes. Depending on the answer, give 30 
points. Ask for a further an additional question, which assessed by 10 points.   

Media employed PowerPoint, Projector, Lab instruments or organic and natural products chemistry 
Reading list Lecture notes and lab materials on webpage: 

https://numhunsbaigaliinnegdel.blogspot.com/   
1. YH Hui. Handbook of Food Science,Technology,& Engineering. Vol 1-4. CRC 

Press, 2006 
2. Romeo T. Toledo. Fundamentals of Food Process Engineering. 3rd ed., 

University of Georgia, 2005  
3. N.Tsevegsuren, S.Myagmarsuren, B.Munkhjargal, B.Tuyagerel. Food 

chemistry, NUM, Ulaanbaatar. 2006  
4. J.Baljinnyam etc, Process apparatus food processing. MUST, Ulaanbaatar. 

2003 
5. B.Munkhjargal, B.Tuyagerel, N.Tuya. Laboratory journals food technology.   

Ulaanbaatar. 2018 
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Nutrition and food toxicology (CHEM415) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM415 
Subtitle Healthy and safety food 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, organic chemistry team 
Lecturer Associate professor, B.Munkhjargal, Ph.D.  

Senior instructor, L.Munkhtsetseg, Ph.D. 
Senior instructor, I.Saruul, Ph.D. 

Language Mongolian 
Relation to curriculum Specialty compulsory  course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/sim-tezeel-ba-hor-sudlal-

chem415 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours31 
Seminar     (32 hours)                                     16 hours 
Presentation  

Credit points (CP) 3 credit points (Lecture – 2 CP,  Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. When student misses 1/3 of lecture or, seminar or laboratory, teacher will 
assign F* for him/her on the last week (15-16th week) of semester. This grade is same 
as F.  
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

BIOC300 (Biochemistry) 

Module 
objectives/intended 
learning outcomes 

 Students know how to able to 

 Identify food nutrition compounds, understand digestion process, risk lack of 
vitamins, non-nutrients, nutrients role for human bodies, their dose, health 
problems from eating disorders, prevention of these problems  

 Calculate energy input, food calories, body mass index, and fix food duet, and 
food quality and nutrient-dense food.     

                                                
31 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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 Provide and identify food deterioration types: chemical, physical and 
biological; food deterioration recourses, food toxic compounds, their effect in 
human body, and explain of metabolic pathways of these toxicants, risks during 
food processing, preventions from the risks as a  scientific view.      

 Understand food storage conditions, and solve problems related food toxicant, 
and develop methods prevent risks of food toxicants.     

 Express own idea and interest to others, work in a team, make joint decision, 
collect information from the internet, writing essay, can use Office programs 
such as PowerPoint and Word.    

Content Lecture/Seminar 
 Introduction of nutrients, nutritional value, food types, healthy diet, food 

pyramid  
 Nutritional value of healthy food, provide healthy food, food compositions  

 Food absorption and digestion process  

 Understand why protein is important and how proteins are comprised of 
essential and nonessential amino acids, discuss the functions of body proteins 
and their effect on enzymes, hormones, immune function, and other related body 
functions, explain how proteins are digested and absorbed and what effect they 
have on the body after absorption 

 Understand simple vs. complex carbs, explain the process of carb digestion and 
absorption, describe how BG levels are affected by carb consumption, 
understand how to increase complex carb intake and decrease sugar intake, 
explain how carbs affect health 

 Glycerol, SCFA, MCFA diffuse into intestinal cells; absorbed directly into blood 
stream; monoglycerides and LCFA merge into micelles; into intestinal cells; 
reassemble into TG; new TG packed into chylomicrons; into lymph system; point 
of entry to bloodstream at thoracic duct near the heart; to rest of body; 

  Energy intake, energy output, energy equilibrium, positive energy balance, 
negative energy balance, body mass index, weight management 

 Recognize the differences between fat-soluble and water-soluble vitamins, 
understand the functions, sources, dietary recommendations, deficiencies, and 
toxicities for fat-soluble vitamins and carotenoids, understand the functions, 
sources, dietary recommendations, deficiencies, and toxicity for the eight water-
soluble vitamins and vitamin C, describe conditional nutrients and bogus 
vitamins 

 Water, major minerals, traces minerals and minerals in food.  

 Life Cycle: From Childhood through Adulthood nutritional  specialty.  

 Lactation: physiology of lactation, changes during pregnancy, hormonal 
controls  

 Understand the physiological changes and importance of adequate nutrition 
during pregnancy, comprehend physiological changes and the significance of 
proper nutrition during breastfeeding, recognize the benefits and 
contraindications to breastfeeding 

 Food toxicology: analyze data regarding potentially toxic food components by 
applying efforts of logic, statistics, chemical analytical and other appropriate 
methods in an integrative manner, apply meaningful and mindful effort to 
explain major modes of toxicity of key foodborne toxicants, based on chemical 
nature, metabolism, sites of action and toxicity mechanisms. 
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 Food toxicants types: micotoxin, pesticides, polychlorobiphenyls, polyaromatic 
hydrocarbons, heavy metals in food, food additives such as a nitrite, nitrozo-
compounds, dioxins in food, food packaging toxicants, veterinary medicine 
residues  

Study and examination 
requirements and forms of 
examination 

Seminar (30 points):  
 During first five seminars, teacher will organize and give problems. Each 

semnar will be 2 points, totally 10 points.  

 From 6th seminar, students will present presentation by own chosen topic 
related food toxicants, On the one seminar hour, three students will present. 
Presentation will be 10 points, for half of this, students will evaluate each other, 
and teacher will give other half point’s teacher.    Presentation points:  
o Content 20%, slide design 20%, elocution 40%, answering 10%. 
o Presentation requires: the ppt will be contained title, student name and ID, 

presentation date and place, history related topic, chemical formula, 
reactions, classification of toxicants, the way to spread food, prevention 
methods, photos, scheme, table, conclusion, references and in Mongolian.   

 Activity 10 points. Seminar activity point, who will ask frequently.   
Student self-study (20 points): Student will find suitable research paper related 
food science in English, write essay.    
Grading: 

 Selection of paper  – 4 points, (to send chosen paper via Sisi)  
 Translation – 5 points, (will be checked face-to face in contact hour) 

 Create method scheme of the paper – 6 points, (to send prepared scheme via 
Sisi)  

 Write essay  – 5 points, (to send the  file by Sisi)  
 
Mid-term exam (25 points): Mid-term exam will be taken once on the lecture hours 
in 8th week. The exam will be including lecture and seminar contents of first 7 week. 
Types of the exam questions are multiple choice, short answer, calculating problems 
and writing.    
Final exam (25 points): Final exam will be composed of two parts: writing and 
oral.  

A. Writing exam: 15 points, the exam will be included multiple choice, short 
answer, calculating problems.  

B. Oral exam: 10 points, the exam will be included 2 questions and 1 problem 
to calculate. Student will pull out two questions and prepare for 20 minute 
and then answer.  

Media employed MS PowerPoint, Projector, notebook  
Reading list Lecture notes and lab materials on webpage: 

https://sites.google.com/site/organikhimimuis/surgalt/sim-tezeel-ba-hor-sudlal-
chem415 

1. Gordon M. Wardlaw, Paul M. Insel, Perspectives in NUTRITION, 3rd edition, 
1996. 

2. Tsevegsuren, N., Saruul, I., (2004), Food Toxicology and Health, NUM Press, 
Ulaanbaatar 

3. Ongoodoi, Ch.,(2011), Food Science, Ulaanbaatar  
4. Requerements for food labelling, National Standard, MNS6648:2016 
5. Jadambaa, Sh., Alimaa, J., Erdenezaya, Ch., Dorj, D., Budsuren, J., 

Byambagar J., (2004), Food Chemistry, Ulaanbaatar  
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Natural products chemistry (CHEM416) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM416 
Subtitle  
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Associate professor, Sh.Naranmandakh, Ph.D.  

Senior lecturer, B.Tuyagerel, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty compulsory course 
Webpage https://numhunsbaigaliinnegdel.blogspot.com/    
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours32 
Seminar     (0 hours)                                        - 
Laboratory (48 hours)                                     - 
Project 
Presentation  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 0 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student does not attend one of the three types (Lectures, seminars, 
or laboratories), make a note of the F * teacher within the 15-16 week of the lesson. 
This assessment is considered as a student F assessment. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.   

Recommended 
prerequisites 

Organic chemistry II CHEM301 

Module 
objectives/intended 
learning outcomes 

Students will develop: 
- Understand and explain the biosynthetic origins of the major classes of 

secondary metabolites; classification of natural products; structure elucidation 
methods – High Performance Liquid Chromatography (HPLC), InfraRed  (IR), 
Mass Spectroscopy (MS), Nuclear Magnetic Resonance (NMR) ,in vivo and in 
vitro bioactive screening methods.  

                                                
32 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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- Understands the relationship between bioactivity and structure of secondary 
metabolites. 

- Skill traditional and modern isolation techniques of secondary metabolites: 
extraction methods, Thin Layer Chromatography (TLC), Column 
Chromatograpy (CC);  

- Skill necessary to propose experiments that would confirm to prepare plant 
sample, and sample drying techniques, to isolate and to screen bioactive natural 
products. Examines a natural product not previously encountered. the above 
proposal.  

Content Lecture 
 An Introduction to Secondary Metabolites and their biosynthesis; classification  

 Phenolic compounds I; simple phenol, phenolic acid, and polyphenolic 
compounds and their usage  

 Phenolic compounds II; lignan, lignin and anthracene derivatives 

 Phenolic compounds III; Flavonoid derivatives 

 Phenolic compounds IV; Tannin derivatives 

 Terpene compounds I; Classification of terpenoids, steroids, glycosides 

 Terpene compounds II; Terpenoid derivatives 

 Terpene compounds II; Steroids, glycosides and saponins 

 Alkaloid compounds I; Classification and usage of alkaloids 

 Alkaloid compounds I; Cocaine, nicotine, morphine 
 Antibiotics; Biosynthesis, classification and usage  

 Isolation techniques of biological active compounds; extraction, TLC, HPLC, 
CC, bioassay guided isolation technique 

 Bioactivity screening methods; in vivo and in vitro assay methods such as 
DPPH, Brine shrimp, MTT  

 Relationship between structure and bioactivity of secondary metabolites  
Laboratory 
 Lab safety and determination of moisture content in plants 

 The Determination of ash content in plants  

 Qualitative and quantitative analysis of phenolic compounds in plants 

 Qualitative and quantitative analysis of tannins 
 Qualitative and quantitative analysis of flavonoids 

 Qualitative and quantitative analysis of saponins 

 Qualitative and quantitative analysis of alkaloids 

 Biological active screening method: DPPH assay 
Study and examination 
requirements and forms of 
examination 

Attendance (0.312×16=5 points) 
Laboratory (25 points): Your overall lab performance will be worth 25% of the 
course grade. You have been assigned to one of eight  sections.  
Laboratory I: Lab safety– 1   
Laboratory II-VIII: Experiments – 24 
Additional details are given in the accompanying handout.  
Assignment and homework (2×10=20 points): Your assignments will fall into two 
categories. For each section you will be given a take-home assignment. First, 
Students will be complete report about Mongolian drug plants. Second, student will 
be prepare presentation about secondary metabolites. Each assignments will be 
assess  10 points, seperataly.   
The procedure listed below are in the order that student will be performed in 
assignment: 
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I week: Lecturer gives list of Mongolian drug plants name 
II week: Student selects and prepare information about drug plants;  
VII week: Student prepares word file of information about plant (at most 10 pages)  
This files should be contains following information about plant; general 
information-3, traditional and pharmaceutical usage-2, and their second 
metabolites-5. 
IX week: Lecturer gives list of biological active compounds 
X week: Student selects and prepare information about secondary metabolite;  
VII week: Students prepares ppt file of information about secondary metabolite 
(between 20-30 pages)  
XV-XVI week: Students should discuss topic during lecture. Four students will 
present their report in a lecture. 
This file should be contains following information about secondary metabolites; 
chemical structure and common information-3, usage of compounds-2, and 
isolation technique of compound-5. 
Midterm exam (20 points): Midterm Exam will be held once a semester. The 
midterm exams will cover the material subjects of the I-VII lecture and laboratory. 
There are 3 methods used to assess and score. Multiple choice questions compose 
60 percent of the total midterm exam. Rather, short answers items and exercise 
working items compose 30 and 10 percent, respectively. There are a total of 20 
points available for the  course.  
Final exam (30 points): The final exam will be covering subjects of the VIII-XVI 
lecture and laboratory. The contribution of the midterm and final exams are as 
follows: Multiple choice questions, true/false answer and matching items compose 
60 percent of the total final exam. Rather, short answers and problem exercises 
items compose 20 and 20 percent, respectively. There are a total of 30 points 
available for the  course.   

Media employed PowerPoint, Projector, Lab instruments or organic and natural products chemistry 
Reading list Lecture notes and lab materials on webpage: 

https://numhunsbaigaliinnegdel.blogspot.com/   
1. Paul M Dewick. Medicinal Natural Products.2th ed., John Wiley & Sons, Ltd, 

2002.  
2. Steven M. Colegate., Russell J. Molyneux. BIOACTIVE NATURAL 

PRODUCTS (Detection, Isolation, and Structural Determination) 2th ed., CRC 
Press., 2008 

3. Bohlin, L., J.G.Bruhn. Methods in Natural Product Research and Drug 
Development, Kluwer Academic Publishers, Dordrecht, 1999 

4. N.Tsevegsuren, D.Purev, Practicum of Bio-organic chemistry. Ulaanbaatar, 
2001 

5. G.Davaakhuu, B.Tuyagerel, Laboratory journal of natural products chemistry. 
Ulaanbaatar, 2014 
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Pharmaceutical chemistry and analysis (CHEM417) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM417 
Subtitle Introductory quantum chemistry 
Semester(s) in which the 
module is taught 

Fall, Autumn (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Organic chemistry team 
Lecturer Associate professor, Sh.Naranmandakh, Ph.D.  

Senior faculty, B.Tuyagerel, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/emijn-himi-ba-analiz 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours33 
Laboratory (48 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.   

Recommended 
prerequisites 

Chem204 (Organic chemistry I), Chem301(Organic chemistry II) 

Module 
objectives/intended 
learning outcomes 

“Students know that/know how to/are able to…” 
- Knowledge: knowledge for drugs, fundamental concepts Pharmaceutical 

chemistry, molecular basis of biological processes and drug actions. 
-  Skills: Skills of independent work in chemical laboratory and carrying chemical 

analysis. Practical abilities in drug analysis. Know ways to calculate of 
experimental data. 

- Competences: have gained methodological competence in chemistry, are able to 
apply this in other context. Interpret and evaluate data of scientific and technical 
relevance, and to draw sound conclusion, able to work both  alone and as a 
member of groups34  

Content Lecture 

                                                
33  
34  Cf. European Commission: Proposal for a Recommendation of the European Parliament and the European Council on the 

establishment of the European Qualifications Framework for lifelong learning, COM(2006) 479 final, 2006/0163 (COD), 
Brussels 05/09(2006.  
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 Objectives of Pharmaceutical chemistry,. pharmaceutical agents, raw materials 
for drug, classification of drugs 

 Drug forms. International Pharmacopoeia, Extra Pharmacopoeia and 
Mongolian Pharmacopoeia  

 Basic concepts of pharmacokinetics (absorption and distribution) 

 Basic concepts of Pharmacokinetics (metabolism and elimination) 
 Pharmacodynamics. 

 Quality assurance of drugs, Instrumentations and applications in drug analysis  

 Inorganic drugs  

 Organic drugs  

 Galogen alkans, alcohols, ethers and aldehydes 

 Carbon acids and their derivatives 

 Aminoglycosides and lactoamines 

 Drugs for neurology  

 Antibacterial drugs 
Laboratory 
 Quality assurance of drugs  

 Quantitative analysis using weigth method 
 Titration method 

 Specroscopic method 

 Analysis of liquid drugs 

 Analysis of injection  

 Analysis of tablets 
 Analysis of Galin‘s preparation 

Study and examination 
requirements and forms of 
examination 

Self study and self assignment (10*2=20 points):  
1.Oral presentation. 10 points.  
2. Written assignment (writing 5 points, review and references 2 points, report 2 points, 
conclusion 2 points. If didn’t give in time (-2) points 

Laboratory 
(8 times*2.5=20 points): Safety is always the first priority in any laboratory. The 
grade is based on lab pre-write-ups, lab reports, and your lab notebook.  
Formative assessment (20 points): The examination is organized as a choice test 
and written examination of all content of lecture and laboratory in the I-VII week. 
The timing is 90 minutes. Scores are informed within 5 working days. After exam 
worked at mistakes.  
Final exam (40 points):  

The examination is organized as a test and a written examination of all content of 
lecture and laboratory in the VIII-XIV week. These include assignments, true/false 
tasks and questions. The timing is 90 minutes. Test scores are updated within 5 
working days and summarized in the SISI system.  

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Video  
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Reading list Lecture notes and laboratory materials on webpage: 
https://sites.google.com/site/organikhimimuis/surgalt/emijn-himi-ba-analiz  
1. В.В.Чупак-Белоусов. Фармацевтическая химия. Издательство Бином. 

Первая книга. 2012.  
2. М.Чүлтэмсүрэн, Ч.Ерөөлт. Эм судлал. УБ. Соёмбо принтинг. 2012 
3. Д.Дүнгэрдорж. Эмийн хими. УБ. Мөнхийн үсэг. 2009.  
4. Ш.Наранмандах. Эмийн хими хичээлийн лабораторийн дэвтэр. 2017. 
5. С.Гаадулам. Эмийн шинжилгээ-1. УБ. Орбис. 2008.  
6. С.Гаадулам. Эмийн шинжилгээ-2. УБ. Орбис. 2007.  
7. С.Гаадулам. Эмийн шинжилгээ-3. УБ. Орбис. 2007.   
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Bioorganic chemistry (CHEM418) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM418 
Subtitle  
Semester(s) in which the 
module is taught 

Fall, Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Organic chemistry team 
Lecturer Associate professor, Sh.Naranmandakh, Ph.D.  

Senior faculty, B.Tuyagerel, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/bioorganik-himi-chem418 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours35 
Laboratory (48 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.   

Recommended 
prerequisites 

Chem204 (Organic chemistry I), Chem301(Organic chemistry II) 

Module 
objectives/intended 
learning outcomes 

“Students know that/know how to/are able to…” 
- Knowledge: knowledge for Bioorganic chemistry, Overview of bio-molecules 

such as of proteins, peptides, enzymes, nucleic acids and polysaccharides; their 
recent biological functions and mechanisms; introduction to Enzyme Catalysis 
and Kinetics; The Catalytic Triad; Enzyme Inhibiton; Synthesis and Application 
of some biological active bio-molecules 

-  Skills: Skills of independent work in chemical laboratory and carrying chemical 
analysis. Quantitative analysis of proteins, carbohydrates and pectins. Know 
ways to calculate of experimental data. Isolation methods of bioactive molecules 
from plants 

- Competences: have gained methodological competence in chemistry, are able to 
apply this in other context. Interpret and evaluate data of scientific and technical 

                                                
35  
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relevance, and to draw sound conclusion, able to work both  alone and as a 
member of groups36  

Content Lecture 
 Objectives of Bioorganic chemistry.  
 Proteins, their biological functions 

 Protein structures, physical and chemical properties 

 Study of protein structure  

 Protictive proteins  

 Biological active peptides. Peptide gormones  
 Peptide toxins  

 Peptide antibiotics. Peptide regulators  

 Introduction to Enzyme Catalysis and Kinetics 

 Enzyme Inhibitors and activators   

 Enzyme action mechanisms  

 Proenzymes 

 Protolitic enzymes 

 Nucleic acids, their recent biological functions 

 Polysaccharides; their recent biological functions 

 Polysaccharide structure, biological activity 
Laboratory 
 Preparation methods of natural products, isolation of bioactive molecules from 

raw materials 

 Extraction methods. Liquid-solid extraction 

 Liquid-liqiud extraction 

 Purification methods of isolated compounds using Thin layer chromatography  

 Column chromatography.  

 Determination methods of protein content in plant material  

 Determination methods of carbohydrate content in plant material 
 Determination methods of pectin content in plant material. 

Study and examination 
requirements and forms of 
examination 

Self study and self assignment (10*2=20 points):  
1.Oral presentation. 10 points.  
2. Written assignment (writing 5 points, review and references 2 points, report 2 
points, conclusion 2 points. If didn’t give in time (-2) points 
Laboratory 
(8 times*2.5=20 points): Safety is always the first priority in any laboratory. The 
grade is based on lab pre-write-ups, lab reports, and your lab notebook.  
Formative assessment (20 points): The examination is organized as a choice test 
and written examination of all content of lecture and laboratory in the I-VII week. 
The timing is 90 minutes. Scores are informed within 5 working days. After exam 
worked at mistakes.  
Final exam (40 points):  
The examination is organized as a test and a written examination of all content of 
lecture and laboratory in the VIII-XIV week. These include assignments, true/false 
tasks and questions. The timing is 90 minutes. Test scores are updated within 5 
working days and summarized in the SISI system.  

                                                
36  Cf. European Commission: Proposal for a Recommendation of the European Parliament and the European Council on the 

establishment of the European Qualifications Framework for lifelong learning, COM(2006) 479 final, 2006/0163 (COD), 
Brussels 05/09(2006.  
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Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model,  
Video  

Reading list Lecture notes and laboratory materials on webpage: 
https://sites.google.com/site/organikhimimuis/surgalt/bioorganik-himi-chem418  
1. Овчинников Ю. А. М. Биоорганическая химия. Просвещение, 1987. 
2. Berg. J.M., Tymoszko. J.L., Stryer B. Biochemistry. 5th edition. Freeman. 

2010.  
3. Наранмандах.Ш. Биоорганикийн их дадлага. УБ, МУИС-ийн хэвлэх 

үйлдвэр. 2011. 
4. J. S. Davies. Amino acids, peptides and proteins. Royal Society of Chemistry, 

UK, Vol. 35, 2006.  
 

  



112 
 

Petroleum chemistry and analysis (CHEM419) 

Curriculum BSc in Chemistry 
Course level Junior (4th level) 
Code CHEM421 
Subtitle Petroleum chemistry and analysis 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Associate professor, Department of Chemistry 
B.Enkhsaruul, Ph.D. 

Department Department of Chemistry, Fossil fuel chemistry team 
Lecturer Associate professor, B.Enkhsaruul, Ph.D.  

Professor, D.Monkhoobor, Ph.D.  
Language Mongolian 
Relation to curriculum Compulsory minor course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/neftijn-himi-ba-analiz-

chem419 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours37 
Seminar     (-)                                                   
Laboratory (32 hours)                                     16 hours  

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students. 

Recommended 
prerequisites 

CHEM204 (Organic chemistry) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students know the knowledge about specific characteristics, classification 
and origin of petroleum and natural gas deposits; and correlation between origin 
and characteristics. 
CLO 2. Students know the methods to determine the influences of hydrocarbon 
composition consisting of paraffin, naphthenic and aromatics on main technical 
properties of petroleum and petroleum products.  

                                                
37 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 3. Students know the theory and principles of petroleum thermal and catalytic 
processes in relation with feed types and characteristics.  
CLO 4. Students are able to evaluate the technical properties of petroleum products, 
and to identify the types of petroleum and natural gases. 
CLO 5. Students know how to determine the technical properties of petroleum 
products using by the specific methods; and to apply the methods of 
chromatography and spectroscopy into petrochemical study. 
CLO 6. Students are able to express their opinion regarding to findings, to be 
virtuous and disciplined in their study; and to have motivation to improve their 
knowledge and skills. 
 CLO 7. Students are able to communicate with others ethically, and to respect 
different opinions, and to learn from other students. 
CLO 8. Students are able to distribute the knowledge using the methods of speech 
and presentation to their surroundings. 

Content Lecture/Seminar 
 Introduction, learning contents of petroleum chemistry, petroleum and natural 

gas deposits 
 General characteristics and classification of petroleum, development of 

petrochemical industry 
 Conceptions about petroleum origin, organic and inorganic constituents 

 Modern theory about petroleum origin, possibilities to form petroleum deposit 

 Main characteristics of petroleum and its products, separation methods of 
petroleum hydrocarbon components 

 Composition of petroleum products, elemental analysis, hydrocarbon group 
composition 

 Application of chromatographic and spectral analysis methods in petroleum 
chemistry 

 Petroleum hydrocarbons, paraffinic and naphthenic hydrocarbons 

 Petroleum hydrocarbons, aromatic and mixed type hydrocarbons 

 Petroleum heteroatom hydrocarbons, mineral components 

 Unsaturated hydrocarbons formed in petroleum processes 

 Changes in petroleum hydrocarbons during thermal processes 

 Pyrolysis, cracking and coking processes 

 Changes in petroleum hydrocarbons during thermal and catalytic processes, 
Catalytic cracking and reforming processes, basics of process theory 

 Hydrotreatment and hydrocracking processes, understanding of main petroleum 
products 

Study and examination 
requirements and forms of 
examination 

Seminar (30 points): Students should perform a homework for every seminar. 
During seminar class, students do the activities to make a decision or to answer to 
problem-solving or case-based questions and calculation problems. Problems are 
done solely or in pair or in group. Student’s perfect performance is evaluated by the 
score of 2 in every seminar. 
Activity (10 points): Full attendance of lecture (5 point) and seminar (5 point) 
excluding absences due to sick and special circumstances are evaluated in the end 
of semester. 
Assignment (1×15=15 points): Student can select the most interesting topic for 
him/her within course contents for preparation of assignment. Assignment is 
evaluated by the skills of correct data and information gathering (5 score), 
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analysing (5 point) and self-expressing (5 point) abilities. Assignment is usually 
submitted in XIV-XV week of semester. 
Mid-term exam (15 points):Mid-term exam is done once per semester around VII-
VIII week of semester. Test is performed for 60 minute. Test results are listed within 
five days of week in the university Si-Si system.  
Final exam (30 points): Mid-term exam is done once per semester around XVII-
XIX week of semester. Test including all contents of the course is performed for 90 
minute. Test results are listed within five days of week in the university Si-Si system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video гэх 
мэт 

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sites.google.com/site/fizikhimi/surgalt/bakalavr/fizik-himi-1-2018-
havar#eva 
1. D.Monkhoobor, Petroleum chemistry, 1st edition, UB, “NUM” Press, 2003, p 

309. 
2. D.Monkhoobor, Methods of petroleum and petroleum products, 1st edition,  

УБ., NUM press, 2003, p 222. 
3. Vasily Simanzhenkov. Crude Oil Chemistry, Marcel Dekker, Inc, 2003. p 410 
4. James G.Speight, Handbook of Petroleum Analysis, Wiley Interscience, 2007, 

р 461. 
5. Chemistry of petroleum, Manual of laboratory works. By red. I.N.Diyarova & 

I.Y.Batuyeva, Мoskow, Chemistry press, 1990, p.240. 
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Crude oil processing technologies (CHEM420) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4rd level) 
Code CHEM420 
Subtitle Crude oil processing technologies 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Organic chemistry II CHEM301 
Lecturer Associate professor, N.Davaajav, Ph.D.  

Professor, Enkhsaruul, Ph.D. 
Language Mongolian 
Relation to curriculum Minor  specific course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/neft-bolovsruulah-tehnologi-

chem420 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours38 
Seminar     (32 hours)                                     16 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students. 

Recommended 
prerequisites 

Crude oil processing technologies (CHEM423) 

Module 
objectives/intended 
learning outcomes 

 “Students know that/know how to/are able to…” 
Knowledge: Students will know theoretical and consumer knowledge about the 
method of preparing oil for the basic raw material of chemical industry, simple and 
vacuum distillation principles, thermal cracking and catalytic cracking, hydro 
cracking process, coking, the operating principle of pyrolysis device, and cleaning 
methods of petroleum products.  
Skills: Students are able to plan experimental steps, accurately mark and calculate 
results, and explain the results in scientific basis and summarize. Also students will 

                                                
38 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох зэрэг багтана. 
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learn about the sources of the required information and learn how to use them 
properly. 
Competences: Students will learn self-reliant, passionate, committed to conducting 
coal exploration, consistently, diligently, personal organization and morality, and 
clearly expressing accurate information to others and disseminating knowledge 
through reporting.  
Students are able to communicate ethically with others, to respect others' views, and 
to learn from others.  

Content Lecture/ 
 Introdution 

 Preparing oil for processing. 
 First refinery of petroleum.  

 Second refinery of oil fractions, its purpose and importance. 

 Thermal treatment of oil refineries 

 Thermal cracking 

 The method of coking oil residues 

 New technology to deepen processing 

 Heat and catalytic processes. 

 Cracking with catalytic 

 Reforming with catalytic 

 Cleaning of alkaline and acid 
 Hydrogenation and hydro-cleaning processes 

 Оil gas treatment 

 Separate and clean paraffin from petroleum products 

 Oil production from petroleum 
Seminar 
 Characteristics of oil products 

 Estimate the average molecular weight of the oil fraction 

 Calculate the saturated steam pressure 

 Critical aspects and transfers fixed of the oil fraction 

 Compression coefficient  

 Fugitive quality 

 Calculate the petroleum fraction extraction using a nomogram 

 The thermal properties of the petroleum products 
 Composition of mass /mix/ volume and molar 

 Petroleum processing, classification, technological regime and comparison 

 Thermal cracking process  

 Catalytic cracking process  

 Separation and processing method for petroleum gas 

 Technological process to clean clarity petroleum products. 

 Oil production of petroleum.   
Study and examination 
requirements and forms of 
examination 

Learning activity (10 points): Students are evaluated as follows: attend in lectures 
and labs without delay and participate in questions and answers by active. 
Seminar (20 points): During a semester, seminar exams can be taken through the 
contents of lectures and seminars courses four times in IV, VII, XII and XVI weeks. 
Each seminar exam has 3 scores (4×3 score=12). Besides, students shall be 
awarded by 4 scores for classroom-activity, 1 for attendance, and 3 for performance 
of homework assignments, respectively. Homework assignments develop students’ 
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skills of critical thinking and analytical reasoning. Feedback is given on exam 
problems at a seminar after taking an exam. 
Self-study (2*10=20 points): A total score for two self-studies is 20 points (2*10). 
Students receive the first self-study assignment in IV week and submit it in VII week. 
The second one is received in IX week and submitted in a XVI. Self-studies can be 
delivered via SISI system and a student can work independently or on a team within 
three weeks. Mostly, self-studies cover inquiry-based problem sets. Each problem 
set is scored by 4-6 points according to 4-5 criteria. A total score for a self-study is 
optional, but a final score should be converted into 10. A self-study shall be graded 
within two weeks and immediately informed after grading. Feedback is given at 
lectures and seminars.  
Midterm exam (20 points): It is taken once in a VIII week. The midterm written 
exam includes tests with single- and multiple-choice answers, writing reaction 
mechanisms calculating, and problem-solving assignments covering the topics 
studied for I-VII weeks. The examination period is 90 minutes in length. Within five 
working days, the exam materials should be graded and filled in an O1 window of 
SISI informational system.   
Final exam (30 points): It is taken once in the XVII-XIX week. The final exam in a 
writing form includes tests with single- and multiple-choice answers, writing 
reaction mechanisms calculating, and problem-solving assignments covering the 
topics studied for IX-XVI weeks. The examination period is 90 minutes in length. 
Within five working days, the exam materials should be marked and filled in an O3 
window of SISI system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sites.google.com/site/organikhimimuis/surgalt/neft-bolovsruulah-tehnologi-
chem420 
1. B. Byambagar, D. Ilchgerel, E. Enkhtsetseg, М. Narantsetseg, D. Khandmaa. 

Oil and gas processing technology, UB. 2010  
2. B. Shirchin, М.Тuya, B. Khongorzul, B. Khulan, B. Pyrebsyren. Oil chemistry 

and technological basis УБ. 2013  
3. Gurebich.I.L. Technology of oil and gas processing.V1,М, Chemisry.1972  
4. Smidovich. Е. В. Oil and gas processing technology. V.2, М, Chemistry, 1976.   
5. Chernojukov N.E.Oil and gas processing technology.V3, М, Chemistry, 1976  
6. Мagaril. R.Z. Theoretical foundations of chemical processes of oil refining, М, 

Chemistry.1976  
7. Bondarenkho B.E Album of technological schemes for oil and gas processing 

М, Chemistry, 1983  
8. N.Davaajav, B.Khandmaa Oil refining technology, Seminar Handbook UB. 

2016  
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Petrochemical synthesis (CHEM421) 

Curriculum BSc in Chemistry 
Course level Junior (4th level) 
Code CHEM421 
Subtitle Petrochemical synthesis 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Associate professor, Department of Chemistry 
B.Enkhsaruul, Ph.D. 

Department Department of Chemistry, Fossil fuel chemistry team 
Lecturer Associate professor, B.Enkhsaruul, Ph.D.  

Associate professor, N.Davaajav, Ph.D.  
Language Mongolian 
Relation to curriculum Compulsory minor course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/neft-himijn-sintez-chem421 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours39 
Seminar     (32 hours)                                     16 hours  

Credit points (CP) 3 credit points (Lecture – 1.5 CP, Seminar – 1.5 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students. 

Recommended 
prerequisites 

CHEM204 (Organic chemistry) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students know the main knowledge about the methods to manufacture 
organic chemicals and products based on petroleum and its distilled fractions. 
CLO 2. Students know the knowledge about the methods to manufacture organic 
chemicals based on non-petroleum sources. 
CLO 3. Students know how to produce the oil derived chemicals using their basic 
chemical knowledge and skills. 
CLO 4. Students are able to explain the scientific principles of petrochemical 
synthesis based on petroleum feed resource. 

                                                
39 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 5. Students are able to evaluate and to select the most convenient types and 
methods of petrochemical synthesis for ecological viewpoints.  
CLO 6. Students are able to express their opinion regarding to findings, to be 
virtuous and disciplined in their study; and to have motivation to improve their 
knowledge and skills. 
 CLO 7. Students are able to communicate with others ethically, and to respect 
different opinions, and to learn from other students. 
CLO 8. Students are able to distribute the knowledge using the methods of speech 
and presentation to their surroundings. 

Content Lecture/Seminar 
 Introduction, history and development of petrochemical industry, main products 

 Main feed sources of  petrochemical industry, hydrocarbon synthesis 

 Hydrocarbon synthesis: paraffin, naphtenes and arens 

 Halogenation reactions, theory and principles of liquid phase chloration 
process 

 Hydrolysis process, production of chloroolefins and alfa-oxides 

 Hydration processes, theory and principles of olefins an acethylene 

 Alkylation processes, C-, O-, S-, N- alkylation 

 Sulfonation and nitration reactions, their theory and technology 

 Synthetic rubber monomer production, chemistry and technology 

 Oxidation reaction, their theory and technology 
 Oxidation of saturated hydrocarbons, alcohols, aldehydes and ketone synthesis 

 Carbonic acid production, their theory and technology 

 Aromatic and naphthenic hydrocarbon oxidation, chemistry and technology 

 Hydrogenation and dehydrogenation processes, chemistry and technology 

 CO based synthesis processes, hydrocarbon production 
 Condensation, Reactions occurring on carbonyl groups  

Study and examination 
requirements and forms of 
examination 

Seminar (30 points): Students should perform a homework for every seminar. 
During seminar class, students do the activities to make a decision or to answer to 
problem-solving or case-based questions and calculation problems. Problems are 
done solely or in pair or in group. Student’s perfect performance is evaluated by the 
score of 2 in every seminar. 
Activity (10 points): Full attendance of lecture (5 point) and seminar (5 point) 
excluding absences due to sick and special circumstances are evaluated in the end 
of semester. 
Assignment (1×15=15 points): Student can select the most interesting topic for 
him/her within course contents for preparation of assignment. Assignment is 
evaluated by the skills of correct data and information gathering (5 score), 
analysing (5 point) and self-expressing (5 point) abilities. Assignment is usually 
submitted in XIV-XV week of semester. 
Mid-term exam (15 points):Mid-term exam is done once per semester around VII-
VIII week of semester. Test is performed for 60 minute. Test results are listed within 
five days of week in the university Si-Si system.  
Final exam (30 points): Mid-term exam is done once per semester around XVII-
XIX week of semester. Test including all contents of the course is performed for 90 
minute. Test results are listed within five days of week in the university Si-Si system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video  
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Reading list Lecture notes, seminar and lab materials on webpage: 
https://sites.google.com/site/fizikhimi/surgalt/bakalavr/fizik-himi-1-2018-
havar#eva 
1. Sami Matar, Lews F. Hatch.  Chemistry of petrochemical processes. 2nd 

Edition. Gulf Publishing Company, 2000. p.392. 
2. N.N.Lebedev. Chemistry & technology of basic organic and petrochemical 

synthesis, Мoskow, Chemistry press, 1988, p 592.  
3. B.C.Timofeiv, L.A.Serafimov. Principal technology of basic organic and 

petrochemical synthesis, Мoskow, “University”, 2003, p 536.  
4. Weissermel, Arpe., Industrial Organic Chemistry, 1997, р.481 
5. О.B.Braginskii, World petrochemical industry, Мoskow, Science press, 2003, 

p 560. 
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Coal chemistry (CHEM422) 

Curriculum BSc in Chemistry 
Course level Junior (4th level) 
Code CHEM422 
Subtitle Coal chemistry 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Associate professor, Department of Chemistry 
N.Davaajav, Ph.D.  

Department Department of Chemistry, Fossil fuel chemistry team 
Lecturer Associate professor, N.Davaajav, Ph.D.  

Associate professor, B.Enkhsaruul, Ph.D.  
Language Mongolian 
Relation to curriculum Major specific course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/-chem422 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours40 
Seminar     (-)                                                   - 
Laboratory (48 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students.  

Recommended 
prerequisites 

CHEM204, CHEM301 (Organic chemistry) 

Module 
objectives/intended 
learning outcomes 

CLO1.  Students will know the wide knowledge about origin and classification of 
coal and its technical-chemical and physical-mechanical characteristics, and their 
interdependence, petrograph, composition of organic and mineral elements in coal, 
macro micro elements, organic mass molecular structure, metamorphism and age 
of chemistry, importance of consumption, and taking into consideration for their 
chemistry-ecological characteristics during the process of coal processing.  
CLO2.  Students will learn how to work safely with the reagents and substances that 
are widely used in coal testing and will know common techniques and methodology 
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for coal chemistry laboratories. These include: weighing, dissolving, filtering, 
evaporation, drying, burning, and extraction.  
CLO3. Students will know about determine and evaluate coal chemistry-technical 
specifications, and International standard methods used for technical-chemical 
analysis of coal. These include: The methods to determine Moisture, Ash,Volatile, 
Sulfur, Nourishment, Thickening grade and density.  
CLO4. Students are able to plan experimental steps, accurately mark and calculate 
results, and explain the results in scientific basis and summarize. Also students will 
learn about the sources of the required information and learn how to use them 
properly. 
CLO5. Students will learn self-reliant, passionate, committed to conducting coal 
exploration, consistently, diligently, personal organization and morality, and 
clearly expressing accurate information to others and disseminating knowledge 
through reporting.  
CLO6. Students are able to communicate ethically with others, to respect others' 
views, and to learn from others.  

Content Lecture 
 Development of coal chemical science and its current and future trends 
 Coal Origin and its resources 
 Coal deposits and basins  
 Classification of coal origin 
 International classification of coal 
 Petrographic composition of coal 
 Technique and chemical properties of coal and its consumption 
 Coal physics - mechanical characteristics, its consumption 
 Coal element composition 
 Macro molecule structure of coal 
 Coal chemical characteristics and reactions 
 Mineral composition of coal 
 Bitumen and Humin substances  
 Oxidation, dispersion and self-ignition process of coal 
 Coal and the environment 
Laboratory 
 Get acquainted with safety techniques for working with coal chemical 

laboratories for lubricants and the principles of the lesson, and conclude a 
contract.  

 Solid mineral fuels –  Determination of total moisture 

 Solid mineral fuels – Determination of ash content 

 Solid mineral fuels – Determination of volatile matter 

 Solid mineral fuels Determination of total sulfur  

 Solid mineral fuels – Determination of gross calorific value by the bomb  
calorimetric method, and calculation of net calorific value 

 Brown coals and lignites – Determination of true relative density and apparent 
relative density 

 Hard coal -  Determination of the crucible swelling number 
Study and examination 
requirements and forms of 
examination 

Activity (10 points): Full attendance of lecture (5 point) and seminar (5 point) 
excluding absences due to sick and special circumstances are evaluated in the end 
of semester. 
Laboratory (20 points): A student should collect a total of 20 scores from this 
course. Laboratory 8 experiments are carried out and totally evaluated by 240 
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(8×30) points. At the end of the course, the 240 points must be converted into 20 
points.  
Self-study (2×10=20 points): A total score for two self-studies is 20 points (2×10). 
Students receive the first self-study assignment in IV week and submit it in VII week. 
The second one is received in IX week and submitted in a XVI. Self-studies can be 
delivered via SISI system and a student can work independently or on a team within 
three weeks. Mostly, self-studies cover inquiry-based problem sets. Each problem 
set is scored by 4-6 points according to 4-5 criteria. A total score for a self-study is 
optional, but a final score should be converted into 10. A self-study shall be graded 
within two weeks and immediately informed after grading. Feedback is given at 
lectures and seminars.  
Midterm exam (20 points): It is taken once in a VIII week. The midterm written 
exam includes tests with single- and multiple-choice answers covering the topics 
studied for I-VII weeks. The examination period is 90 minutes in length. Within five 
working days, the exam materials should be graded and filled in an O1 window of 
SISI informational system.   
Final exam (30 points): It is taken once in the XVII-XIX week. The final exam in a 
writing form includes tests with single- and multiple-choice answers, covering the 
topics studied for IX-XVI weeks. The examination period is 90 minutes in length. 
Within five working days, the exam materials should be marked and filled in an O3 
window of SISI system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video  
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/organikhimimuis/surgalt/n-rsnij-himi-chem422 
1. Speight J.G.,The Chemistry and Technology of Coal, Marcel Dekker Inc., 2nd   

Еdition, 2012. 
2. Rita K,Hessley, John W.Reasoner, John T. Riley  Coal Science, New York 1994 
3. J.Narangerel, Coal chemistry and technology basis, UB, Аdmon, 2011. 
4. I. V. Avgushevich et al  Standart Methods for Coal analysis, M 2008  
5. N.Davaajav, Laboratory Handbook for Coal chemistry, 2015, 5pp 
6. N.Davaajav, L.Jargalsaixan, A System for classification and labeling of toxic 

and dangerous chemicals, 2016, ISBN: 978-99973-3-846-4, 15pp. 
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Coal processing technologies (CHEM423) 

Curriculum BSc in Chemistry 
Course level Junior (4th level) 
Code CHEM423 
Subtitle Coal processing technologies 
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Associate professor, Department of Chemistry 
B.Enkhsaruul, Ph.D.  

Department Department of Chemistry, Fossil fuel chemistry team 
Lecturer Associate professor, B.Enkhsaruul, Ph.D.  

Senior lecturer, I.Saruul, Ph.D.  
Language Mongolian 
Relation to curriculum Compulsory minor course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/n-rs-bolovsruulah-tehnologi-

chem423 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours41 
Seminar     (32 hours)                                     16 hours 
Laboratory (-)                                     - 
Project 
Presentation  

Credit points (CP) 3 credit points (Lecture – 1.5 CP, Seminar – 1.5 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students.  

Recommended 
prerequisites 

CHEM204 (Organic chemistry) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students know the main knowledge about historic period of coal utilization 
and its recent situation; and origin, classification and characteristics of coal. 
Moreover, students know how to process coal primarily and deeply including coal 
mining, preparation and storage. 
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CLO 2. Students know the technological methods how to convert coal efficiently and 
environment-friendly using by mechanical and chemical methods. 
CLO 3. Students know the knowledge how to use and to retreat the by-products, 
wastes and emitted gases in coal processing and utilization. 
CLO 4. Students are able to think through regarding to environment pollution and 
global warming problems originated from coal utilization. 
CLO 5. Students are able to make a decision to select the technological methods to 
process coal efficiently and environment-friendly. 
CLO 6. Students are able to search the necessary information and data from the 
sources of books, textbooks, encyclopaedia and internet. 
CLO 7. Students are able to evaluate and respond to any problems in the position 
of chemist. 
CLO 8. Students are able to express their opinion regarding to findings, to be 
virtuous and disciplined in their study; and to have motivation to improve their 
knowledge and skills. 
 CLO 9. Students are able to communicate with others ethically, and to respect 
different opinions, and to learn from other students. 
CLO 10. Students are able to distribute the knowledge using the methods of speech 
and presentation to their surroundings. 

Content Lecture/Seminar 
 Introduction, Coal processing technology and methods 

 Coal flotation, coal preparation and washing processes 

 Coal briquettes and its binders 

 Thermal decomposition processes and its mechanisms 

 Semicoking processes and smokeless fuel preparation 
 High temperature coking process and metallurgical coke preparation 

 Coal direct liquefaction and pyrolysis 

 Tar refining and hydrotreating processes 

 Coal gasification, reaction mechanism, thermodynamics and reactors 

 Syngas treatment processes and acid gases 

 Fischer-Tropsch reaction chemistry, thermodynamics and reactors 

 Synthetic liquid fuels, methanol and dimethyl ether catalytic synthesis 

 Methanation of syngas, catalysts, reactors and technology 

 Activated carbons, carbon nano tube production 

 Combustion processes, coal utilization in power plants 
Study and examination 
requirements and forms of 
examination 

Seminar (30 points): Students should perform a homework for every seminar. 
During seminar class, students do the activities to make a decision or to answer to 
problem-solving or case-based questions and calculation problems. Problems are 
done solely or in pair or in group. Student’s perfect performance is evaluated by the 
score of 2 in every seminar. 
Activity (10 points): Full attendance of lecture (5 point) and seminar (5 point) 
excluding absences due to sick and special circumstances are evaluated in the end 
of semester. 
Assignment (1×15=15 points): Student can select the most interesting topic for 
him/her within course contents for preparation of assignment. Assignment is 
evaluated by the skills of correct data and information gathering (5 score), 
analysing (5 point) and self-expressing (5 point) abilities. Assignment is usually 
submitted in XIV-XV week of semester. 
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Mid-term exam (15 points):Mid-term exam is done once per semester around VII-
VIII week of semester. Test is performed for 60 minute. Test results are listed within 
five days of week in the university academic information system of Si-Si.  
Final exam (30 points): Mid-term exam is done once per semester around XVII-
XIX week of semester. Test including all contents of the course is performed for 90 
minute. Test results are listed within five days of week in the university academic 
information system of Si-Si. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video гэх 
мэт 

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sites.google.com/site/fizikhimi/surgalt/bakalavr/fizik-himi-1-2018-
havar#eva 
1. Speight J.G., The Chemistry and Technology of Coal, Marcel Dekker Inc., 2nd 

Еdition, 2012. 
2. J.Narangerel, Coal chemistry and technology basis, UB, Аdmon, 2011. 
3. Willson W., French D., Gibson L., Understanding Coal Quality, MineSkill 

Australia; 7th Edition 2011. 
4. Clausen III C.A., Principles of Industrial Chemistry, John Wiley Sons, Inc. 

1978.  
5. Osborne.D., The coal handbook towards cleaner production, Vol 1. Coal 

production, Woodhead Publishing, 2013. 
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Methods for coal analysis (CHEM424) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4rd level) 
Code CHEM424 
Subtitle Methods for coal analysis 
Semester(s) in which the 
module is taught 

Fall, Spring ( VIII`) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Organic chemistry team 
Lecturer Associate professor, N.Davaajav, Ph.D.  

Professor, Enkhsaruul, Ph.D. 
Language Mongolian 
Relation to curriculum Major specific course 
Webpage https://sites.google.com/site/organikhimimuis/syrgalt/n-rsij-sinzilgeenij-arga-

chem-424 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours42 
Laboratory (48 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students. 

Recommended 
prerequisites 

Coal chemistry (Chem422) 

Module 
objectives/intended 
learning outcomes 

CLO1.  Students will know the wide knowledge about taking into consideration of 
international standard methods for determining organic and mineral elements 
composition of coal, and its chemical properties, significance of usage, and 
chemical-ecological characteristics during the process of coal processing.  
CLO2.  Students will learn how to work on safe reagents and substances for coal 
analysis and will learn common techniques and methodologies of coal chemistry 
laboratories. These include: sample preparation, weighing, dissolving, filtering, 
evaporation, drying, burning, and extraction.  
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CLO3. Students will learn the methodology for the determination of coal chemistry-
technological indicators, their assessment and the international standard methods 
used for coal analyzes. These include: Methods of determination for semi-coke 
designs, coal safety analysis, total content of sulfur, type of sulphur combination, 
Roga and G Index, Bitumen and Humin Acid. 
CLO4. Students are able to plan experimental steps, accurately mark and calculate 
results, and explain the results in scientific basis and summarize. Also students will 
learn about the sources of the required information and learn how to use them 
properly. 
CLO5. Students will learn self-reliant, passionate, committed to conducting coal 
exploration, consistently, diligently, personal organization and morality, and 
clearly expressing accurate information to others and disseminating knowledge 
through reporting.  
CLO6. Students are able to communicate ethically with others, to respect others' 
views, and to learn from others.   

Content Lecture 
 Introduction 

 Standardization of coal testing and analysis methods.  

 Sample preparation for analysis 

 Instrument analysis to determine the technological properties of coal 

 Analysis for organic mass elements of coal 
 Define the contents of ash chemicals and meanings of micro elements  

 Determination of ash fusibility 

  Determination of sulfur compounds in coal - Eschka method 

 Quality indicators characterizing the safety of coal and coal products 

 Determination of semi-coking products 
 Coal structure  and group analysis 

 Methods for spectral analysis of organic matter in coal 

 Determination for granularity and fracture composition of coal 

 Petrographic analysis method of coal 

 Methods for determining the coking quality of coal 
Laboratory 
 Safety techniques for coal testing laboratories and methods for sampling and 

preparation for analysis 

 Method of determination of sulfur - Eschka method 

 Determine type of sulfur compounds  

 Safety analysis of coal and coal products 

 Determination of semi-coking products 

 Determination of yield of benzene – soluble extract 

 Determination of humic acid 
 Determine Roga and G Index of coal 

Study and examination 
requirements and forms of 
examination 

Activity (10 points): Full attendance of lecture (5 point) and seminar (5 point) 
excluding absences due to sick and special circumstances are evaluated in the end 
of semester. 
Laboratory (20 points): A student should collect a total of 20 scores from this 
course. Laboratory 8 experiments are carried out and totally evaluated by 240 
(8×30) points. At the end of the course, the 240 points must be converted into 20 
points.  
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Self-study (2×10=20 points): A total score for two self-studies is 20 points (2×10). 
Students receive the first self-study assignment in IV week and submit it in VII week. 
The second one is received in IX week and submitted in a XVI. Self-studies can be 
delivered via SISI system and a student can work independently or on a team within 
three weeks. Mostly, self-studies cover inquiry-based problem sets. Each problem 
set is scored by 4-6 points according to 4-5 criteria. A total score for a self-study is 
optional, but a final score should be converted into 10. A self-study shall be graded 
within two weeks and immediately informed after grading. Feedback is given at 
lectures and seminars.  
Midterm exam (20 points): It is taken once in a VIII week. The midterm written 
exam includes tests with single- and multiple-choice answers covering the topics 
studied for I-VII weeks. The examination period is 90 minutes in length. Within five 
working days, the exam materials should be graded and filled in an O1 window of 
SISI informational system.   
Final exam (30 points): It is taken once in the XVII-XIX week. The final exam in a 
writing form includes tests with single- and multiple-choice answers, covering the 
topics studied for IX-XVI weeks. The examination period is 90 minutes in length. 
Within five working days, the exam materials should be marked and filled in an O3 
window of SISI system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video гэх мэт 

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sites.google.com/site/organikhimimuis/syrgalt/n-rsij-sinzilgeenij-arga-
chem-424 
1. I. V. Avgushevich et al Analytical chemistry and technical analysis of coal M 

2008. 
2. I. V. Avgushevich et al  Standart Methods for Coal analysis, M 2008.  
3. N.Davaajav, Laboratory Handbook of Coal analysis, 2018. 
4. N.Davaajav, L.Jargalsaixan, A System for classification and labeling of toxic 

and dangerous chemicals, 2016, ISBN: 978-99973-3-846-4, 15 pp. 
5. J.Narangerel, Coal chemistry and technology basis, UB, Аdmon, 2011.  
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History of chemistry (CHEM310) 

Curriculum BSc in Chemistry, BSc in education 
Course level Elective 
Code CHEM 310 
Subtitle Introductory chemistry 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, chemistry didactics team 
Lecturer N.Оyuntsetseg, Ph.D  
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/fizikhimi/surgalt/bakalavr/ 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours43 
 

Credit points (CP) 2 credit points (Lecture – 2 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student does not attend one of the tree courses (Lectures, seminars, 
or laboratories), make a note of the F * teacher within the 15-16 week of the lesson. 
This assessment is considered as a student F assessment. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

Nonorganic chemistry, organic chemistry major course  

Module 
objectives/intended 
learning outcomes 

 The purpose of the course is to study chemistry and bachelor's degree in chemistry, 
knowledge and methodology in their work and life through the discovery of the 
famous discoveries of chemistry, the lives, activities, chemistry of the famous 
chemists, and lessons learned. 
Learning outcomes: 
- Students will demonstrate to explain, compare and contrast different processes, 

modes of thought, and modes of expression from different historical time 
periods, history of theories, laws, hypotheses discovery by scientists.  

- Students will distinguish between primary and secondary sources of history of 
chemistry and identify and evaluate evidence.  Assess the discoveries in history 
of chemistry  through in-class discussion and an independent written report.  
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- Demonstrate the knowledge and understanding of famous scientists and their 
lives and creations.  

- Students will demonstrate the ability to search, collect, use, process, and modify 
information related to chemical history (such as intellectual mapping, charting 
of time charts), outline, documentary evidence   

- Students will demonstrate the methods and methodology for creating and 
discovering scientific chemistry  

- Students will demonstrate the history time line of discoveries, the history of time, 
the current state and the methodology, as well as research and research related 
to human history and other natural sciences, and demonstrate that reports can 
be reported in rational and reporting forms. Students will demonstrate to 
accurate and properly formatted citations in formal papers. 

- Students will produce their own historical analysis of documents and develop 
the ability to think critically and historically when discussing the past.  

- Students who are studying teacher education demonstrate the ability to select 
and use chemistry history information in the form of dictable methodology of 
chemistry within the given topic 

Content Lecture 
The ancient  
 Introduction: Ancient 

 Methodology and timeline  

 Fire & stone, metals, Greek elements 

 Leucippus, Democritus, Thales, Anaximenes and others 
Аlchemy 
 historical condition  
 Greek & Egyptian alchemists, Bolos  

 Аrabic alchemists, Jafir ibn-Hayyan, Аl-Razi, Аvicenna  

 Еuropean chemistry, Alchemists: Albertus Magnus, Roger Bacon and others 

 The end of alchemy 
Yatro chemistry period 
 Theophrastus Paracelsus - (1493 –1541) 

 The concept of matter’s 

 Macrocosm theory 

 Van helmont’s ideas /1579-1644/ 

 J.R.Glauber and others researches 
Transition period, gas chemistry period 
 Historical condition  

 Air experiments  

 Italian physicist Torrielli (1608-1648), German physician Otto vo Guericke 
(1602-1689) 

 Boyle’s law (Gas law), Irish chemists Robert Boyle (1627-1691) 

 German chemist Hennig Brand (1630 – 1710) 
Phlogiston period 
 historical conditions (start of  “industrial revolution”) 

 Researches, German chemist Johann Joachim Becher, German physician and 
chemist Georg Ernest Stahl and others 

Antiphlogiston period. XVIII Century Chemistry and Lavoisier 
 New goals chemists’s, Scottish chemist Daniel Ruterford Даниел Рутерфорд 

(1749-1819),  
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 Discovery hydrogen and oxygen, Enlish chemist Henry Cavendish (1731-
1810), Enlish chemist Joseph Priestly (1733-1804), Swedish chemist Karl 
Wilhgelm Sheele (1742-1786) 

 French chemists Antoine Laurant Lavoisier (1743-1794), his important 
discoveries 

History of XIX Century Chemistry. Law of Quantities period, start of Atomic 
Molecular theory  
 Features of this period 

 Laws of Quantities (law of define proportion or Proust’s law, Dalton’s theory 
and others) 

 History of "electricity" in Chemistry 

 water electrolysis experiment, W. Nicholson (1753-1815), E. Carlisle (1768-
1840) 

 Avogadro’s hypothesis, mole, Avogadro’s number 

 Swedish chemist Jons Jacov Bertselius,  his contributions to chemistry 

 History of electrolysis, Мichael Faradgy (1791–1867) 
Organic chemistry and molecule stucture.  
 The breakdown of Vitalism. Work of Friedrich Wohler, Adolph Wilgehm 

Hermann Kolbe,  and others 
 Synthesis of organic compounds, Pierre Eugene Marselin Bertholet (1786-

1889)  
 Isomers, radicals. German chemist friedrich August kekule (1829-1886) and 

Justus von Liebig (1803-1873), French chemist Jean Baptiste Andre Dumas 
(1800-1884) 

 Molecule stucture. Theory of types, Valence theory. Enlish chemist Edward 
frankland (1825-1899) 

 Structural formulas. Scottish chemist Archibald Scott Couper (1831-1892), 
Russian chemist Alexsandr Michailovoch Butlerov (1828-1886), his important 
discoveries. 

 Optical isomers. Physicians’s important discoveries. Work of French chemist 
Louis Pasteur’s, 

 Molecules in three dimensions. Van’ Hoff-Le Bell theory. Dutsh chemist 
Jacobus Van’t Hoff (1852-1911) and others 

History of periodic table and periodic law’s.  
 Features of this period (elements in disorder, ) 
 “Triads” of Debereiner’s  

 Law of octaves, Enlish chemist John Alexsandr Reina Newlands (1837-1898) 

 Alexsandr Emile beguyer de Chancourtuis and Julius  Lother Meyer graphs 

 Periodic table of element’s. Dmitri Ivanovich Mendeleev (1834-1907)  
 History of new elements by groups. Modern periodic table. 

History of physical chemistry.  XIX /XX/ Century Chemistry 
 Features of this period 

 Тermochemistry, Russian chemist Germain Henri Hess (1802-1850)  

 Law of mass action 

 Free energy of reactions. Phase rule. American physicist, Josaih Willard Gibbs 
(1839-1903).  

 Catalysis 

 Le Chatelier’s prinsiple 

 Ionic dissociation 



133 
 

 History of gas chemistry 

 Van der Waals forse. Dutch physicist Johannes Diderik van der Waals (1837-
1923) 

Stereochemistry. Development of structural theory’s 
 Stereochemistry 

 Valence theory 
 Development of structural theory’s 

Chemical synthesis. Synthetic organic chemistry 
 Organic-inorganic borderland 

 Fluorocarbons- фреон, тeflon 

 Dyes, August Wilhelm von Hofman (1818-1892), William Henry Perkin 
(1838-1907) 

 Synthesis of indigo.  

 Drugs, chlorophyll, steroids, terpenes, carotenoids 

 Vitamins, hormons, alkaloids, and  proteins 

 Chemotherapy, аntibiotics 

 Discovery of explosives and polymers 
The nuclear atoms 
 Discovery of electons 

 The photoelectric effect  

 Physicist Ernest Rutherford’s experiments 

 Radioactivity,  physicist Wilhelm Konrad Rentgen (1845-1923) 
 Works of Physicist Аntoine Henry Becquirel’s  (1852-1908) and Маrie 

Sklodowska Curie’s (1867-1934)  

 Atomic nucleus, atomic number, electon shells 

 Half life. Аtomic models 

 Nuclear reactions.  
The second half of the twentieth century (1950-2000)  
 Features of this period 

 Biochemistry  

 Petrochemical production and development 
 Development of new material studies 

 Nanotechnology  

 Environmental chemistry 
History of chemistry in our country 
 School chemistry and curriculum development 

 Chemistry specialists  

 Chemical laboratories and institutes 
 Chemical discoveries and chemists 

 Conclution 
Study and examination 
requirements and forms of 
examination 

This course will meet two days a week for two hours. 
Attendance and Participation: Much of the coherence in this course will come from 
lectures, so it is important to attend each of the class periods. Feel free to ask 
questions and raise discussion at any time 
Analysis of a secondary source: For each topic, I will provide a short list of 
secondary sources (those written by historians) that provide a deeper analysis of 
issues covered in class.  
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For this assignment, you need to choose one of these sources from any of these 
topics and provide a 8-10 page typewritten summary/analysis of its content.  
This is an individual assignment, so if someone has chosen one of the sources, you 
must choose another. 
The student's ability to hold the assessment (Formative) and final Summative will 
be evaluated. 

Grading Poin
t 

Explanations  

Attendance and Participation 5%  
Lecture assignment (mind maps) 15 Each assignment has 1 score 
Secondary Source Analysis (brief 
description) 

30 
Each section has a score 

Exam – 1  10 Each assignment has 10 
scores  Exam – 2  10 

Final exam 

30 

 Make mind map and 
explain  

 Evaluate chemical data 
provided  

Total 100  
 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video at 
all. 

Reading list Lecture notes on webpage: 
1. N.Oyuntsetyseg, (2014). History of chemistry, UB., “Sodpress”. publisher 
2. I.Asimov, (1983), A short history of chemistry, М., “Мir”  
3. А short history of chemistry, ву Isaac Asimov, Heinemann London, 1972 
4. М.Jua, (1975), History of chemistry, М., “ Мir”,  
5. К.Маnolov, (1985), Great Chemists, Volume I, М., “ Мir”  
6. К.Маnolov, (1985), Great Chemists, Volume II, М., “ Мir”  
7. U.I.Solobiev, D.N.Тriphanov at.al., (1978), History of chemistry, М., 

“Education” 
8. Others resours 
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Bаsics of nanochemistry and supermolecular chemistry (CHEM425) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM 425 
Subtitle Bаsics of nanochemistry and supermolecular chemistry 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, General and Inorganic chemistry lessons team 
Lecturer Associate professor, N.Amgalan, Ph.D. 

Professor D.Dorj, Ph.D.  
Language Mongolian 
Relation to curriculum Elective course 
Webpage https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                        64 hours 
Laboratory (48 hours)                                          - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  

Recommended 
prerequisites 

CHEM 401 (Inorganic chemistry II) 

Module 
objectives/intended 
learning outcomes 

Course learning outcome  
The learning objectives of the course is that the student demonstrates the ability 
to: 
 Understand and use non-covalent interactions 
 Understand and apply synthetic methods such as template-controlled 

reactions for the synthesis of supramolecular building blocks 
 Acquire knowledge on important building blocks in supramolecular chemistry 
 Apply non-covalent interactions in molecular design 
 Apply supramolecular building blocks and molecular design to modern 

challenges in supramolecular chemistry 
Content Lecture 
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Students will get a knowledge about fundamentals of Nanochemistry, 
supramolecules, and their physical and chemical properties and its transformation 
reasons, and their production methods, as well as application. Students will be 
acquainted with the synthesis of nano materials, supramolecular matter, and 
fundamentals of technologies, and acquire the ability to synthesize new types of 
nanomaterials, and enhance their ability to work independently to collect relevant 
research materials and to study the properties of synthesized materials.  
The course involves study of:  

 Basics of Nanochemistry 
 Molecular receptors (e.g. for cations, anions and neutral molecules) 

 Nanoreactor 

 Self-assembly 

 Nano-capsules for delivery and reactions 

 Supramolecular Switches 
 Self assembly in surfaces 

 Supramolecular building blocks (e.g. macrocycles, DNA, peptides, 
nanoparticles) 

 Supramolecular chemistry of polymeric materials 

 Applications of supramolecular chemistry for molecular diagnostics, material 
science and medicinal chemistry 

 Synthetic methods in supramolecular chemistry 
Laboratory 

 Synthesis of nanocluster 

 Synthesis of nanocomposit materials 

 Synthesis of biological supramolecules 

 Synthesis of nanomagnetic compounds 

 Synthesis of soft chemistry 

 Synthesis of nanomagnetic compounds 
 

Study and examination 
requirements and forms of 
examination 
 
 

Activities during the study phase: 
 Preparation of student lectures based on current literature in supramolecular 

chemistry 
 Group discussions of individual student presentations in plenum 

All scores on exams and assignments will be based on 100 points.  The final grade 
for each term will be determined by a formula chosen at the beginning of each 
mini semester by each student subject to the following constraints. 
 
 Class Participation      5% - 10% 
 Memorandum Reports and Problem Sets  15% - 20% 
  (lowest grade dropped) 
 Midterm Exam     15% - 30% 
 Final Exam     30% - 40% 
 
  Total Percentage Must Be 100 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  
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Reading list Lecture notes, seminar and lab materials on webpage: 
https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
1. Ivano Berlin, Inorganic and Bio-Inorganic Chemistry, UNESCO, 2004, 445 
2. Jim D. Atwood, Inorganic and organometallic reaction mechanisms, Wiley-

VCH, 2nd edition, 2007, 328  
3. Yu A. Zolotov, James D.Winefordner, Macrocyclic compounds in Analytical 

Chemistry, Wiley-Interscience; 2007, 448 pp 
4. H.C. Heal, The Inorganic Heterocyclic Chemistry of Sulfur, Nitrogen and 

Phosphorus, Academic Press, London, 2008, 272 pp 
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Basic geochemistry (CHEM426) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4rd level) 
Code CHEM 426 
Subtitle Basic Geochemistry 
Semester(s) in which the 
module is taught 

Fall, Spring (VII - VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Inorganic chemistry team 
Lecturer Professor Ts.Darjaa, Ph.D.  
Language Mongolian 
Relation to curriculum Compulsory selection course 
Webpage https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                        64 hours 
Seminar     (32 hours)                                         16 hours 
Independent assignment:  
Use of different forms of report by students to demonstrate an understanding of the 
migration and barriers of atoms in the earth spheres (atmosphere, lithosphere, 
hydrosphere and biosphere). This activity is designed to promote inquiry-based 
learning and cater to students with various learning styles. 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F * within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 

4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 

4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  

4.7.4. The midterm and end of semester exam are taken once respectively.  

4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  

Recommended 
prerequisites 

CHEM 202 (General chemistry II) 

Module 
objectives/intended 
learning outcomes 

Course learning outcome  
Having successfully completed this course you will be able to: 

 Demonstrate a good understanding, applying and retention of basic 
geochemical principles and factual knowledge: 
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o Qualitatively discuss the chemical composition and chenges of the earth’s 
spheres based on the basic geochemical laws and factual knowledges of 
migration and barrier of elements. 

o Use the geochemical types, classifications and characteristics of chemical 
elements to explain the environmental geochemical assessments. 

o Present the results of seminar assignments in a concise manner using 
plots, diagrams, tables and basic geochemical principles and lows. 

 Demonstrate the ability to apply related information and data (scientific 
papers, books, references, scientific information etc.) to accomplish an 
independent assignment and seminar assignments. 

 Describe your ability to listen to others' opinions and to realize your role in 
team work (making decisions, expressing yuor views ) .  

Content Lecture/Seminar 
This course will focus on the basic concepts of geochemistry which is being involved 
in a wide range of subjects in the field of Earth and Planetary Sciences. The 
following 4 chapter subjects will be studied in the form of lecture and seminar.  
Chapter I. Fundamental concepts and understanding of Geochemistry, 
Chapter II. Fundamental laws of geochemistry and chemical distribution of 
elements  
Chapter III. Migration and barrier of chemical elements  
Chapter IV. Environmental Geochemistry. 
Subject matter: 
 Introduction to geohemistry 
 Fundamental laws of geochemistry.  
 Geochemical classification of chemical elements. Chemical elements and 

their isotope dispersion “Clark content” of the elements. 
 Structure and chemical composition of meteors and planets. 
 Planets of the solar system and their composition. Stars and nebula.  
 Distribution of the chemical elements in outer space. Assumption of the origin 

of the chemical elements. 
 Migration oft the chemical elements: Mechanical migration Physical-

Chemical migration. Hydrothermal migration gnd biogenic migration 
 Barriers of the chemical elements. Physical and chemical, mechanical, 

biogeochemical, social-geochemical and complex geochemical barriers. 
 Anthropogenic changes in biosphere. 
 Basic geochemical assessment of environment and its fundamental 

requirements. 
 

Study and examination 
requirements and forms of 
examination 
 
 

Seminar (25 points): Problem solving excercises will be done within the subject of 
the lecture. 
Breakdown of assessment: 
∙ Attendance 5 point   
∙ Completion of exercise 0 - 5 points 
∙ Presentation of the exercise to others 0 -10 points 
∙ Participation in discussion, raising questions 0 - 5 points 

Maximum points have to collected from 15 seminars will be converted to 25 points 
in the final term. 
Remark: a student must do presentation of the excercise more than four times in 
front of others and participate in discussion more than 5 times  
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Independent assignments: (25 points): The details of the independent assignments 
are sent through the SiSi system. The assignments are to be written on the subject of 
theoretical inorganic chemistry and study of chemical elements.  
 The student will chose from the given chemical elements or group elements.  
 The issues in relation to the chosen elements should be solved in accordance 

with the theories and laws of chemistry.  
Assessment of the assignment:  

∙ Skills on usage of the theories and knowledge to assess the geochemical 
properties of the elements and solving the problems    5 points  

∙ Problem solving    5 points 
∙ Writing composition /accurate translation/    5 points 
∙ Organized information, wording       5 points 
∙ Optimality of the used information   5 оноо 

The independent assignments will be collected in the 13th week and assigned in the 
15th week.   

Midterm exam (20 points): The written midterm exams will be taken in the 8th week 
of the term and within the subjects studied between week 1 to 7. The exam will 
include selective answer questions, true/false choice questions, multiple choice 
questions and problem solving questions.  
Exam will take 90 minutes. 
The exams will be marked within 1-2 days and typed into part O1 of the SiSi system 

Final exam  (30 points): The final exam will be taken at the school in accordance 
with the schedule announced by the School of Natural Science. The details of the 
final exam will be given at the beginning of each term. 
The exam will include selective answer questions, true/false choice questions, 
multiple choice questions and problem solving questions.  
The details of the final exam will be given at the beginning of each term.  
Exam takes 90 minutes 
The exam will be assessed using DE. The exams will be assessed within 2 days and 
typed into part O3 of the SiSi system.  

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  

Reading list Lecture notes, seminar and lab materials on webpage: 
https://sisi.num.edu.mn/sisi_v4/modules/login/login.htm 
1. G. Nelson Eby, Principles of Environmental Geochemistry, 1st ed. Thomson 

Brooks/Cole, CA, 2003.  
2. B.А.Аlecseenko, Ecological geochemistry, М.:Logos, 2000.  
3. Ch. Gonchigsumlaa Ч., Fudumental Geochemistry, UB., 2000.  
4. Konrаd B. Krauskopf and Dennis K., Introduction to Geochemistry, 3rd ed., 

McGraw-Hill, Boston, 1995.  
5. А.И.Perelman, Geochemistry, М.: Wisshaya shkola, 1989.  
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Environmental chemistry (CHEM427) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th level) 
Code CHEM427 
Subtitle Environmental chemistry  
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of Chemistry, Analytical chemistry team 
Lecturer Professor, O. Bolormaa, Ph.D.  

Associate professor, Ch. Buyan, Ph.D. 
Language Mongolian 
Relation to curriculum Free elective course 
Webpage https://sites.google.com/site/analitikhimijnhamtlag/home 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours44 
Laboratory (48 hours)                                     - 

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. When a student does not participate 1/3 of any form of the course (lecture, 
seminar or laboratory) the instructor shall grade him/her as F* within 15th to 16th 
weeks of a semester. This grade will equally considered as grade F for students. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  

Recommended 
prerequisites 

CHEM302 (Analytical chemistry) 
CHEM312 (Instrumental methods of analysis) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students know that physical and chemical properties of water, water 
pollutants and water/wastewater treatment methods, methods of water analysis and 
are able to: 

CLO 1.1. to do water sampling and to prepare for analysis; 
CLO 1.2. to conduct field experiment of physicochemical parameters of water; 
CLO 1.3. to conduct laboratory experiment of chemical compositions of water; 
CLO 1.4. to analyze data and to graph results; 
CLO 1.5. to apply statistical methods for evaluation of lab data and to interpret 
results properly; 
CLO 1.6. to plan similar analysis on the basis of own lab experience and others’ 
studies written in research papers; 

CLO 2. Students know that physical and chemical properties of soil, soil pollutants 
and methods of soil analysis and are able to: 

                                                
44 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 2.1. to do soil sampling and to prepare for analysis; 
CLO 2.2. to conduct laboratory experiment of physical properties of soil; 
CLO 2.3. to conduct soil nutrient analysis (nitrogen, phosphorus, organic matter 
and humic acids); 
CLO 2.4. to analyze data and to graph results; 
CLO 2.5. to apply statistical methods for evaluation of lab data and to interpret 
results properly; 
CLO 2.6. to plan similar analysis on the basis of own lab experience and others’ 
studies written in research papers; 

CLO 3. Students know that physical and chemical properties of air or atmosphere, 
air pollutants and methods of air quality analysis and are able to: 

CLO 3.1. to analyze air quality parameters of indoor as well as outdoor air; 
CLO 3.2. to evaluate air quality; 

CLO 4. Student know that physical and chemical properties, classification and 
treatment technologies of solid waste. 
CLO 5. Students able to understand that chemistry is interrelated to other sciences. 

CLO 5.1. to distinguish similarities and differences within branches of chemistry 
and summarize opinions;  
CLO 5.2. to judge correlation of chemistry with other subjects by comparing 
them; 

Content Lecture/Seminar 
 What is environmental science? Basic concepts and objectives.  

 Human impacts to environments. Environmental pollution. Solutions offered 
by science and technology. 

 WATER. Hydrosphere. Characteristics of water. Water bodies. Water supply 
and resources. Water use and consumption. 

 Aquatic chemistry, biology and microbiology.  

 Water pollution. Typical water pollutants.  

 Water/wastewater treatment techniques. 

 Biogeochemical cycles: carbon, nitrogen, oxygen phosphorus and sulfur 
cycles.  

 SOIL. Geosphere, soil, sediment. Soil types and layers. Soil erosion. 
Mongolian case. 

 Characteristics and physico-chemical parameters soil.  

 Soil pollution. Soil treatment options.   
 AIR. Composition of atmosphere. Regions and stratification of atmosphere. 

Weather. Climate change. Global problems.  
 Atmospheric chemistry. Chemical processes in atmosphere. 

 Air pollution. Air quality monitoring.  

 WASTE. Hazardous waste, its characteristics. Solid waste, its classification. 

 Reducing and recycling of solid waste. Disposal of wastes. 
Laboratory 
 Introductory lab. Environmental sampling. Environmental analysis and its 

types. 

 Soil sampling. Determination of total organic carbons (TOC) and humic acids 
in soil. 

 Water sampling from water body. Determination of iron (II), iron (III) and total 
iron contents in water.  

 Determination of biological oxygen demands (BOD) in water.  
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 Determination of chemical oxygen demands (COD) in water. 

 Determination of sulfate ions in water. 

 Air sampling. Determination of SO2 concentrations in air. 

 Submission final report of lab experiments  
Study and examination 
requirements and forms of 
examination 

Lecture attendance (8 points): On-time attendance to all lectures is required and 
active participation is highly appreciated. 
Written reports (2×8=16 points): Students will be responsible for writing assay and 
solving problems by groups of two or three students. Students in group should work 
together. The instructor will announce certain topics related to spectroscopic and 
electrochemical techniques that frequently employed in chemical analysis in the 6th 
and 13th weeks. Students may need to research additional sources of information. 
Specific formatting instructions will be provided. Overdue is not allowed. 
Laboratory practice (8×1.5=12 points): Eight lab periods will be completed and 
each lab manual will be made available in their lab notebook. Students must conduct 
lab experiments in pairs properly and accurately following the lab safety rules. Each 
student is responsible for submitting independent reports written in the lab notebook 
for every lab experiment. 
Midterm exam (24 points): Midterm exam will be held once a semester during the 
8th week after certain topics being taught. The exact date and location of the midterm 
exam will be announced. Exam may include multiple choice questions, and short 
answer responses. Time allowed is 90 minutes. Results of exam will be announced 
one day later by student code. 
End-of-semester (final) exam (40 points): Final exam covers the lecture, seminar 
and lab practice materials presented throughout the semester and will be held 
during final exam week. The exact date and location of the final exam will be 
announced. It will be appeared in either writing or speaking form. Exam may 
include multiple choice questions, short answer and long answer responses. Time 
allowed is 90 minutes. Results of exam will be announced one day later by student 
code. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Video  
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/analitikhimijnhamtlag/products-services/bakalavr/ 
1. Д. Дорж. Хүрээлэн буй орчны хими. УБ. 2006 (in Mongolian) 
2. Д. Дорж, С. Даваасүрэн, Ц. Даржаа. Хүрээлэн буй орчны химийн анализ. 

УБ. 2005  (in Mongolian) 
3. Д. Дорж, А. Алтангэрэл. Хүрээлэн буй орчны химийн бодлого, дасгал. УБ. 

2008  (in Mongolian) 
4. Ronald A. Bailey and others. Chemistry of the environment. Academic press. 

2002 
5. Stanley E. Manahan. Fundamentals of environmental chemistry. CRC press 

LL. 2001  
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Metallurgical technology (CHEM428) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4rd level) 
Code CHEM428 
Subtitle Metallurgy 
Semester(s) in which the 
module is taught 

Fall, Spring (VII, VIII) 

Person responsible for the 
module 

Professor of Department of Chemical and Biological Engineering of School of 
Engineering and Applied Science, National University of Mongolia (NUM), 

D.Erdenechimeg Ph.D 
Department Department of Chemical and Biological Engineering, Chemical technology team 
Lecturer Professor, S. Davaasuren, Sc.D.  

Associate professor, D. Erdenechimeg, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty elective course 
Webpage http://seas.num.edu.mn/dep/dcbe/training/bachelor 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours45 
Seminar     (32 hours)                                     16 hours 
Project 
Presentation  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 
 

Recommended 
prerequisites 

CHEM 205  (General chemistry) 

Module 
objectives/intended 
learning outcomes 

Course learning outcome буюу хичээлийн суралцахуйн үр дүнгээ оруулах 
“Students know that/know how to/are able to…” 

- Knowledge: familiarity with information, theory and/or subject knowledge 
- Skills: cognitive and practical abilities for which knowledge is used 
- Competences: integration of knowledge, skills and social and 

methodological capacities in working or learning situations46  

                                                
45 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
46  Cf. European Commission: Proposal for a Recommendation of the European Parliament and the European Council on the 

establishment of the European Qualifications Framework for lifelong learning, COM(2006) 479 final, 2006/0163 (COD), 
Brussels 05/09(2006.  
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Суралцагчид: 
- Үнэт , өнгөт, ховор металлуудын үндсэн түүхий эд, тэдгээрийг  

баяжуулах технологийн талаар суурь мэдлэгтэй болно. 
- Эрдсийн түүхий эдийн химийн болоод эрдсийн найрлага зэргээс үндэслэн 

олборлох, баяжуулах технологийн сонголт хийх мэдлэг чадвартай болно. 
- Үнэт, өнгөт, ховор металлын түүхий эдийг гидрометаллургийн аргаар 

боловсруулах, улмаар бүтээгдэхүүнийг цэвэрлэх арга технологийн онолын 
үндэс, практик дадлагатай болно. 

- Багаар ажиллах, хамтран шийдвэр гаргах чадвартай болно. 
- Хамтран ажилладаг болон бусад хүмүүстэй харилцах, шинжлэх 

ухаанчаар сэтгэх төсөөлөл болон учир шалтгааны ёс зүйн болон норматив 
хэм хэмжээг хэлэлцэх, задлан шинжлэх чадвартай болно. 

- Өөрийн үзэл бодлыг чөлөөтэй илэрхийлэх, бусдын санаа бодлыг сонсох, 
учир шалтгааны ёс зүйн болон норматив хэм хэмжээг хэлэлцэх, задлан 
шинжлэх чадвартай болно. 

Content Lecture/Seminar 
 Металлургийн үндсэн процессууд  

 Металлыг хүдрээс гарган авах арга  

 Түлшний үндсэн шинж чанар, Пирометаллургийн зуухнууд, Зуухнаас гарах 
хийг тоосноос цэвэрлэх  

 Зэсийг пирометаллургийн аргаар боловсруулах,  
Автоген буюу исэлдүүлэх аргаар шихтийг хайлуулах, 
Зэс агуулсан сульфидийн түүхий эдийг боловсруулах технологи, 
“Аустмелт”-ын аргаар штейнийг гарган авах хайлуулалт 

 Зэсийг боловсруулах катодын аргаар зэс боловсруулах SX-EW  технологи 

 Алтны технологи, түүхэн үе шатууд, технологийн шийдэлд анхаарах 
зүйлс, хүдрийн технологийн гол үзүүлэлтүүд 

 Алтны цианидын технологи 

 Алтыг цианжуулахад төмөр, сурьма зэрэг металлуудын нөлөө, 
тэдгээрийг арилгах арга Цахиурлаг ба шаварлаг хүдрээс алтыг 
цианжуулж ялгах онцлог. Цианидын уусмалаас алт ялгах аргууд, Алт 
ялгах цементацын аргын физик-химийн үндэс 

 Алтыг уусгах  тиокарбамидын арга, түүний онолын үндэс 

 Хөнгөнцагааны шинж чанар ба хэрэглээ, Хөнгөнцагааны түүхий эд 

 Глиноземийн үйлдвэрлэл 
Study and examination 
requirements and forms of 
examination 

Семинар (14 points): Семинарын хичээл бүр дээр гэрийн даалгавар өгнө. 
Семинарын даалгаврыг ганцаарчилан, хосоор, багаар хийж гүйцэтгэлийг 
шалгуулна. Семинарын хичээлээр мини шалгалт 4 удаа (IV, VIII, XII, XV долоо 
хоног), тус бүр 2 оноогоор үнэлнэ (2×4=8 оноо). Мини шалгалтад өмнөх 3-4 
семинарын агуулгад орсон 20 минутад гүйцэтгэнэ.  
Бие даалт (1×16=16 points): Бие даалтыг реферат бичүүлэх хэлбэрээр өгдөг. 
Бие даалтыг VIII-XI долоо хоногт 21 хоногийн хугацаатай бие даан 
гүйцэтгэнэ. Реферат бичихэд дараах хэсгүүдээр дүгнэнэ. Гарчиг, оршил, 
онолын хэсэг, дүгнэлт, ашигласан хэвлэл 5 аас доошгүй гэсэн дарааллаар 
бичсэн байх, ашигласан хэвлэлийн ишлэл хийсэн байх гэсэн шаардлагуудаар  
үнэлж, дүгнэнэ. Гүйцэтгэлд 10 оноо, хамгаалалтад 6 оноо тус тус өгнө. 
Явцын шалгалт (12 ×2=24 points): Шалгалтыг 2 удаа, VIII долоо хоногт XV 
долоо хоногт үзсэн агуулгаар бичгийн шалгалт хэлбэрээр зохион байгуулна. 
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Үүнд сонгох хариулттай даалгавар, үнэн/худал даалгавар, асуулт хэлбэрүүд 
багтана. Гүйцэтгэх хугацаа 60 минут. 
Шалгалтыг ажлын 5 хоногт багтаан засаж, СИСИ системийн О1 хэсэгт 
дүнг оруулдаг. 
Лекцийн ирц, идэвхи (4 points): Лекцийг өдөр бүр бүртгэхгүй, 4-8 удаагийн 
ирцээр дүгнэнэ.  
Улирлын шалгалт (40 points): Шалгалтыг XVII-XIX долоо хоногт бүх үзсэн 
агуулгаар бичгийн шалгалт хэлбэрээр зохион байгуулна. Үүнд сонгох 
хариулттай даалгавар, үнэн/худал даалгавар, асуулт, бодлого зэрэг багтана. 
Гүйцэтгэх хугацаа 90 минут.  
Улирлын шалгалтыг ажлын 5 хоногт багтаан засаж, СИСИ системийн О3 
хэсэгт дүнг оруулдаг. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video гэх мэт 

Reading list Lecture notes, seminar on webpage: 
1. Масленицкий Н.И., Чугаев А.В. и др.  Металлургия благородных металлов. 

- М.,  Металлургия, 1987. 
2. Гидрометаллургия золота. ред. Ласкорин Б.Н., - М.:  Наука, 1980. 
3. A.R.Burkin “Chemical Hydrometallurgy, Theory and Principles” Imperial 

College Press 2001. London. 
4. Б.Баяр, Д.Эрдэнэчимэг” Алтны хими технологи”  УБ 2004. 
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Catalysis (CHEM429) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th level) 
Code CHEM429 
Subtitle Introductory catalysis 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Associate professor, D.Sarangerel, Ph.D.  

Associate professor, A.Altangerel, Ph.D. 
Senior teacher, B.Sukhbaatar, MS 

Language Mongolian 
Relation to curriculum Specialty compulsory course 
Webpage https://sites.google.com/site/fizikhimi/surgalt/bakalavr/  
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours47 
Seminar     (32 hours)                                     16 hours 

Credit points (CP) 3 credit points (Lecture – 2.0 CP, Seminar – 1.0 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student did not participate in 1/3 of that courses (lectures, seminars, 
or laboratories), the teacher will mark the F* within the 15-16 week of the session. 
This assessment is considered as a student in F evaluation. 
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may 
exempted from an exam and get corresponding grade with his/her achievement. 

Recommended 
prerequisites 

CHEM303 (Physical chemistry I) 

Module 
objectives/intended 
learning outcomes 

Students are able to 
- Differentiate and apply basic mechanisms of catalysis (Langmuir Hinshelwood 

mechanism, Eley-Rideal mechanism, Michaelis-Menten mechanism) and 
approximation methods such as Nun Henderson model, micro-kitics model, 
average field approximation, steady state and equilibrium approximations 

- Identify and differentiate methods for determining characteristics of catalysts 
- Interpret role and mechanism of catalysts in chemical processes and practical 

application in the basis of their physical and chemical properties 
- Create and solve simple mathematical model equations related to catalytic 

processes 

                                                
47 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох зэрэг багтана. 
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- Understand and explain application of catalysts to chemical industry and arisen 
problems for sustainable development 

- Capable to acquire knowledge and skills individually, learn with self-control, 
and demonstrate own verbal and written communication skills in the mother 
tongue and secondary language. 

- Develop into self-management, autonomous and responsible students as a future 
chemist 

- Express his/her views freely, have an interest in the opinions of others, recognize 
and discuss ethical issues related to the impact of technological advances on 
society 

- Search, use and collect information from scientific books, textbooks, handbooks 
and internet, classify collected information, distinguish necessary information 

Content Lecture/Seminar 
 Catalysis, basic concepts of catalysis 

 Thermodynamics of catalysis 
 Kinetics of catalysis 

 Physical chemical characteristics of catalysts 

 Catalytic reactivity of surfaces 

 Reaction kinetics at surfaces  

 Chemical industry and homogeneous catalysts 

 Green catalysis 
Study and examination 
requirements and forms of 
examination 

Seminar (20 points): At each seminar, the students will receive homework. Students 
will work individually, in pairs and in small groups in seminar. The students have 
to prepare the presentation two times (6th and 12th weeks) during semester. Each 
presentation will be graded 10 points.  
Assignments (1×30=30 points): The assignment (20 points) can be giving by either 
problem solving task or report related to the processes of the catalytic industry at 
6-9th weeks for 21 days. This assignment aim to develop students’ competencies such 
as problem solving, collecting and selection of relevant evidence and accurate 
referencing, create report and presentation and defend scientifically. Students have 
to perform their assignments individually. Assignment will be assessing according 
to pre-determined rubric. Students have to defend their presentation to teacher (10 
points). Teacher will advise students how to improve their presentation and report. 
Mid-term exam (20 points): Midterm exam will be taking once at 8th week as a 
written exam. Midterm exam includes multiple choice questions, true/false 
questions, questions and problem sets. Time limit is 90 minutes. The exam is open 
book exam. The detailed criteria will be used for grading. Teacher will report grade 
in the information system of SISI within 5 working days of the examination (O1 
session). Teacher will explain and discus correct answer of the midterm exam on 9th 
week. 
Final exam (30 points): Final exam will be taking after course completion at 16 or 
17th week as a written exam. Final exam includes multiple choice questions, 
true/false questions, questions and problem sets. Time limit is 90 minutes. The exam 
is open book exam. Teacher will report grade in the information system of SISI 
within 5 working days of the examination (O3 session).  

Media employed MS PowerPoint, Projector, personal computer, Animation, Video 
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Reading list Lecture notes, seminar and lab materials on webpage of physical chemistry team 
1. I. Chorkendorff, J.W. Niemantsverdriet, Concepts of Modern Catalysis and 

Kinetics, WILEY-VCH, 2003 
2. Sumit Bhaduri, Doble Mukesh, Homogeneous catalysis: mechanisms and 

industrial applications, John Wiley & Sons, Inc., 2014 
3. Roger Arthur Sheldon, Isabel Arends, and Ulf Hanefeld, Green Chemistry and 

Catalysis, WILEY-VCH, 2007 
4. P.Atkins, Physical Chemistry, 5th-7th ed., 1994-2002 
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Food microbiology, biotechnology (CHEM430) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4th level) 
Code CHEM430 
Subtitle  
Semester(s) in which the 
module is taught 

Fall (VII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, physical chemistry team 
Lecturer Senior lecturer, L.Munkhtsetseg, Ph.D.  

Senior lecturer, B.Tuyagerel, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty elective course 
Webpage https://numhunsbaigaliinnegdel.blogspot.com/    
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours48 
Seminar     (16 hours)                                       8 
Laboratory (24 hours)                                       - 
Project 
Presentation  

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 0.5 CP, Laboratory – 0.5 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. If the student does not attend one of the three types (Lectures, seminars, 
or laboratories), make a note of the F * teacher within the 15-16 week of the lesson. 
This assessment is considered as a student F assessment. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.   
 

Recommended 
prerequisites 

Food chemistry and analysis CHEM413 

                                                
48 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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Module 
objectives/intended 
learning outcomes 

Students will develop: 
Understand and explain manufacturing processes and technologies used in the 
production of food products, justifies processes of food product development and 
manufacture in terms of market, technological and environmental considerations. 
Describes changes which occur during processing, preparation and storage of food 
and reproducing process using food manufacturing by-products.  
Skill in designing implementing and evaluating solutions of project which is 
manufacturing new functional food products of based on theoretical knowledge.   
 to as the cost of production, production costs include expenditures relating to the 
manufacturing or creation of goods.  
Skill necessary to propose experiments that would confirm to isolate food 
ingredients. Selects appropriate equipment, applies suitable techniques, and utilises 
safe and hygienic practices for experiments that would confirm the above proposal. 
Understand and explain enzymatic technologies used in the production of food and 
pharmaceuticals and their bioreactor monitoring. 
Understand and explain microorganisms used in food production, their 
morphology, and culture methods. 
Describe the enzymes in the raw material, their functions and the enzymes used in 
the food processing. 
Skill the basic techniques for detecting, multiplying and sterilizing the toxic micro-
organisms contained in the raw materials and products  
Skill necessary to propose experiments that would confirm the foodstuffs, testing the 
essential microbiological and biotechnology. Selects appropriate equipment, 
applies suitable techniques, and utilises safe and hygienic practices for experiments 
that would confirm the above proposal.  

Content Lecture 
 Introduction, main concepts of microorganisms and enzymes used in food and 

medicine industry,  

 The studied object of microbiology 
 Microorganisms that cause food poisoning 

 Fermentation and enzyme technologies in food processing and immobilized 
enzyme 

 Control and optimization of bioreactor used in the production of food and 
pharmaceuticals, bioreactor’s classification, parameters of bioreactor   

 Enzyme and food industry, Enzymes used for starch degradation  

 Biotechnology of Milk and Dairy Products, functional Foods containing lactic 
acid bacteria 

 Biotechnology to produce food flavorers 

 Metabolism of microorganisms 

 Environmental factors on microbial growth – I  

 Environmental factors on microbial growth – II  
 Methods for storage food 

 Biotechnology and medicine, Vaccines and monoclonal antibodies 

 Bio preparations and vitamins 
Seminar 
 Introduction, main concepts of microorganisms and enzymes used in food and 

medicine industry,  
 Fermentation and enzyme technologies in food processing and immobilized 

enzyme 
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 Control and optimization of bioreactor used in the production of food and 
pharmaceuticals, bioreactor’s classification, parameters of bioreactor 

Laboratory 
 Microbiological laboratory techniques I: tools glassware, reagent, medium 

used for microorganisms  
 Microbiological laboratory techniques II: Types, and sizes of microorganisms 

(bacteria, fungi, yeasts, viruses), microscope techniques 
 Microbiological laboratory techniques III: Counting the number of 

microorganisms (direct counting, counting bacteria in solid media, sequencing 
dilutions in food samples, 

 Test activation of enzyme: amylase, protease, lipase 
Study and examination 
requirements and forms of 
examination 

Laboratory (20 points): Your overall lab performance will be worth 20% of the 
course grade.  
Laboratory I-IV: Experiments – 5 
Additional details are given in the laboratory journal.  
Assignment and homework (20 points): The lecturer will give the name micro-
organisms and enzymes that are commonly used in the biotechnology process or 
that affect the contamination of food products in IX weeks. Students will select and 
mark microorganisms name within IX-X weeks. Prepare the information on the 
selected microorganisms for 20-30 pages using the ppt file. In a lecture time, 4 
students are present within 10 minutes. In preparing the report, the following 
information should be included: General information of microorganisms - 3, the 
application of the microorganisms production process -7 points respectively. 
Seminar (10 points): The lecturer prepares a exercise in a seminary the content of 
the two lecture lessons. Lecturer will assess seminar problems. In doing so, a score 
of 1.25 in a seminary course exercise will be scored on a total of 10 points.  
Midterm exam (20 points): Midterm Exam will be held once a semester. The 
midterm exams will cover the material subjects of the I-VII lecture and laboratory. 
There are 2 methods used to assess and score. Multiple choice questions compose 
60%, short answers items are 40% of the total midterm exam.  
Final exam (30 points): The final exam will be covering subjects of the VIII-XVI 
lecture and laboratory. The contribution of the midterm and final exams are as 
follows: Multiple choice questions, true/false answer and matching items compose 
60 percent of the total final exam. Rather, short answers and problem exercises 
items compose 20 and 20 percent, respectively. There are a total of 30 points 
available for the  course.   

Media employed PowerPoint, Projector, Lab instruments of organic and  microbiology 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://numhunsbaigaliinnegdel.blogspot.com/   
1. Bibek Ray. Fundamental Food Microbiology. 3rd ed., CRC Press, 2005  
2. Ghasem D. Najafpour. Biochemical Engineering and Biotechnology. 1st ed., 

Elsevier, 2007. 
3. Henry C.Vogel. Fermentation and Biochemical Engineering Handbook. 2nd 

ed., Noyes Publications, 1997 
4. Food Biotechnology, Kalidas Shetty et al, 2nd edition, CRC Press, 2006 
5. D.Purev, J.Bayarmaa. basic of biotechnology. Ulaanbaatar, 2005 
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Chemistry of heterocyclic compounds (CHEM431) 

Curriculum BSc in Chemistry, BSc in education 
Course level Senior (4th levels) 
Code CHEM431 
Subtitle Organic reactions and mechanisms 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, organic chemistry team 
Lecturer Associate professor, D.Rentsenmyadag, Ph.D.  

Senior lecturer, G.Oyunbileg, Ph.D. 
Language Mongolian 
Relation to curriculum Specialty elective course 
Webpage https://sites.google.com/site/organikhimimuis/ 
Type of teaching, contact 
hours and workload 

                   Contact hours                              Self-study 
Lecture       (32 hours)                                    64 hours49 
Seminars    (32 hours)                                    16 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar – 1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.4*. The instructor shall assign a grade F* to the student who is not attended 
1/3 of one of the course forms (lecture, seminar or laboratory) within XV-XVI weeks. 
This grade is equal to a grade F for the student.  
4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.  .... 

Recommended 
prerequisites 

CHEM301 (Organic chemistry II) 

Module 
objectives/intended 
learning outcomes 

“Students know that/know how to/are able to…” 
- Knowledge: familiarity with information, theory and/or subject knowledge 
- Skills: cognitive and practical abilities for which knowledge is used 
- Competences: integration of knowledge, skills and social and methodological 

capacities in working or learning situations50  
Course learning outcomes: 
- Students will have the fundamentals of theoretical and practical knowledge 

about molecular structures and structural specificity of heterocyclic aromatic 

                                                
49 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
50  Cf. European Commission: Proposal for a Recommendation of the European Parliament and the European Council on the 

establishment of the European Qualifications Framework for lifelong learning, COM (2006) 479 final, 2006/0163 (COD), 
Brussels 05/09(2006.  
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compounds, especially about reactivity of heteroatoms, and substitution, 
oxidation, reduction, electro-cyclization and other specific reactions at a 
heterocyclic ring.   

- Students will be able to determine the purification of reagents, intermediates, 
and products of synthetic reactions by means of melting point, TLC, spectral 
analysis, and to elucidate molecular structures of unknown compounds by using 
spectroscopic methods including UV-vis, IR, 1H- and 13C-NMR, and Mass 
spectroscopy.   

- In addition, students will have skills and practices to carry out single- and multi-
step synthetic reactions, to determine and improve the reaction condition, as well 
as to control specificity or selectivity (region-, chemo-, and stereo-), 
thermodynamics and kinetics of the heterocyclic ring reactions.   

- Students will learn to accurately record and analyze the results of experiments, 
and to create correct scientific explanation, discussion and conclusion. 
Moreover, students will be able to use the professional programs, and to retrieve 
and properly cite necessary information from SDBS website or other 
informational sources.   

- Students will be skilled in problem solving, critical thinking and analytical 
reasoning as applied to scientific problems. They will be able to clearly 
communicate the results of scientific work in oral, written and electronic formats 
to both scientists and public at large.  

- They will have a tendency to communicate and share their ideas or knowledge 
with others in a respectful way. Students will be able to function as a member of 
an interdisciplinary problem solving team. They will be eager to do research and 
to become a persistent, responsible, well-organized and ethical decision-making 
individual.  

Content Lecture/Seminar 
 Introduction to general classification and structure of heterocyclic compounds 

 Aromaticity, tautomerization, structural and spectral specificity of carbo- 
(benzene, naphthalene) and hetero-(pyridine, diazine, pyrrole, thiophene, furan 
etc.,) cyclic compounds 

 Reactions of N-heterocyclic compounds (nucleophilic addition and 
deprotonation at a nitrogen atom, a variety of substitution at a carbon atom, and 
redox reactions) 

 Preparation and reactivity of heterocyclic metalorganics and catalytic reactions 
with the presence of transition metals  

 Heterogeneous phase reactions, specific synthetic methods, safety  

 Cyclization (electro- and other cyclization) reactions forming C-heteroatom and 
C-C bonds 

 Structure and reactivity of pyridines, quinolones, iso-quinolines 

 Electrophilic, nucleophilic and radical mechanism reactions of pyridines. Redox 
reactions and preparations of pyridines 

 Electrophilic, nucleophilic and radical mechanism reactions of quinolones and 
iso-quinolines. Redox reactions and preparations of quinolones, iso-quinolines 

 Electrophilic, nucleophilic and radical, redox reactions and preparations of 
pyryliums, benzopyryliums, pyrones, benzopyrones. 

 Electrophilic, nucleophilic and radical, redox reactions and preparations of 
diazines (pyridazine, pyrimidine, pyrazine) 

 Electrophilic, nucleophilic and radical, redox reactions and preparations of 
pyrroles, furans and thiophenes 
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 Electrophilic, nucleophilic and radical, redox reactions and preparations of 
indoles and iso-indoles 

 Electrophilic, nucleophilic and radical, redox reactions and preparations of 1,3-
azoles (imidazoles, thiazoles, and oxazoles) 

 Structure, reactivity and preparation of heterocycles containing more than two 
heteroatoms (five- and six-membered rings) 

Study and examination 
requirements and forms of 
examination 

Seminars (30 points): During a semester, seminar exams can be taken through the 
contents of lectures and seminars courses four times in III, VI, X and XV weeks. 
Each seminar exam has 5 scores (4×5 score=20). A seminar exam covers inquiry-
based problem sets. Each problem set is scored by 5-6 points according to 3-5 
criteria. Besides, students shall be awarded by 5 scores for classroom-activity, 1 for 
attendance, and 4 for performance of homework assignments, respectively. 
Homework assignments develop students’ skills of critical thinking and analytical 
reasoning. Feedback is given on exam problems at a seminar after taking an exam. 
Self-study (2×15=30 points): A total score for two self-studies is 30 points (2×15). 
Students receive the first self-study assignment in IV week and submit it in VII week. 
The second one is received in IX week and submitted in a XVI. Self-studies can be 
delivered via SISI system and a student can work independently or on a team within 
three weeks. Mostly, self-studies cover inquiry-based problem sets. Each problem 
set is scored by 4-6 points according to 4-5 criteria. A total score for a self-study is 
optional, but a final score should be converted into 15. A self-study shall be graded 
within two weeks and immediately informed after grading. Feedback is given at 
lectures and seminars.  
Midterm exam (20 points): It is taken once in the VIII week. The midterm exam 
paper includes tests with single- and multiple-choice answers, writing reaction 
mechanisms, designing a simple synthesis, calculating, and problem-solving 
assignments covering the topics studied for I-VII weeks. The examination period is 
90 minutes in length. Within five working days, the exam materials should be graded 
and filled in an O1 window of SISI system.   
Final exam (20 points): It is taken once in the XVII-XIX week. The final exam paper 
includes tests with single- and multiple-choice answers, writing reaction 
mechanisms, designing a simple synthesis, calculating, and problem-solving 
assignments covering the topics studied for IX-XVI weeks. The examination period 
is 90 minutes in length. Within five working days, the exam materials should be 
marked and filled in an O3 window of SISI system.   

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model 
Reading list Lecture notes, seminar and lab materials on webpage: 

https://sites.google.com/site/organikhimimuis/  
1. John A. Joule, Keith Mills. Heterocyclic Chemistry 5th Edition, John Wiley and 

Sons, 2010 
2. Alan R. Katritzky, Alexander F. Pozharskii. Handbook of Heterocyclic 

Chemistry 2nd Edition, Elsevier Science, 2000. 
3. Acheson, R. M. An Introduction to the Chemistry of Heterocyclic Compounds, 

3rd Edition, John Wiley and Sons, 1976. 
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Phytochemistry and useful plants (CHEM432) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (3rd level) 
Code CHEM432 
Subtitle  
Semester(s) in which the 
module is taught 

Fall, Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Organic chemistry team 
Lecturer Associate professor, Sh.Naranmandakh, Ph.D.  

Senior faculty, B.Tuyagerel, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory major course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/fitohimi-ba-asigt-urgamal-

chem432 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours51 
Seminar     (32 hours)                                     16 hours 

Credit points (CP) 3 credit points (Lecture – 2 CP, Seminar –  1 CP) 
Requirements according 
to the examination 
regulations 

4.6.12.5. ... When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement.   

Recommended 
prerequisites 

Chem204 (Organic chemistry I), Chem301(Organic chemistry II) 

Module 
objectives/intended 
learning outcomes 

“Students know that/know how to/are able to…” 
- Knowledge: knowledge for plants, their structure and chemical compositions, 

their functions in organism, relationship with chemical compositions and 
biological functions 

-  Skills: identifying abilities for plant classification, and know uses medicinal and 
useful plants  

- Competences: have gained methodological competence in chemistry, are able to 
apply this in other context. Interpret and evaluate data of scientific and technical 
relevance, and to draw sound conclusion, able to work both  alone and as a 
member of groups 52  

                                                
51  
52  Cf. European Commission: Proposal for a Recommendation of the European Parliament and the European Council on the 

establishment of the European Qualifications Framework for lifelong learning, COM(2006) 479 final, 2006/0163 (COD), 
Brussels 05/09(2006.  
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Content Lecture 
 Structure of plant cell and specification of plants 

 Organoids of plant and their role in plant 

 Classification of plants (vascular and non-vascular plants) 
 Plants with seed, seedless plants, algae, moss and brake  

 Plant distribution and geographical region of Mongolia. Resources of plants in 
Mongolia 

 Mongolian useful plants (vegetables and forages) 

 Bulbous plants. Chemical compositions and utility in agriculture 

 Leguminous plants. Chemical compositions and Practical uses  

 Oily plants. Chemical compositions and Practical uses 

 Ornamental plants. Chemical compositions and Practical uses  

 Medicinal plants. Chemical compositions and utillity in medicines  

 Rare plants in Mongolia, Mongolian Red book. 

 Environmental laws of Mongolia for appropriate consumption of natural plants 
Seminar 
 Structure of plant cell.  

 Organoids of plants, flower, stem, root, seed, fructus 
 Technical plants. Their chemical compositions and practical uses 

 Plants with alkaloids. Chemical compositions and their functions in organism 

 Plants with flavonoids. Chemical compositions and their functions in organism 

 Plants with saponins. Chemical compositions and their their functions in 
organism  

 Plants with glycosides. Chemical compositions and their their functions in 
organism. 

 Plants with phenolic compounds. Chemical compositions and their their 
functions in organism. 

Study and examination 
requirements and forms of 
examination 

Self study and self assignment (10*2=20 points):  
1.Oral presentation. 10 points.  
2. Written assignment (writing 5 points, review and references 2 points, report 2 
points, conclusion 2 points. If didn’t give in time (-2) points 
Seminar (20 points): Full attendace on seminars, participate actively on the board, 
do homeworks, and perform mini-tests. Absences will be excused only for medical 
reasons or in the case of extreme necessity.  
Formative assessment (20 points): The examination is organized as a choice test 
and written examination of all content of lecture and laboratory in the I-VII week. 
The timing is 90 minutes. Scores are informed within 5 working days. After exam 
worked at mistakes.  
Final exam (40 points):  
The examination is organized as a test and a written examination of all content of 
lecture and laboratory in the VIII-XIV week. These include assignments, true/false 
tasks and questions. The timing is 90 minutes. Test scores are updated within 5 
working days and summarized in the SISI system.  

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model,  
Video  
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Reading list Lecture notes and seminar materials on webpage: 
https://sites.google.com/site/organikhimimuis/surgalt/fitohimi-ba-asigt-urgamal-
chem432  
1. В.И.Грубов Монголын гуурст ургамал таних бичиг УБ. Ган принт. 2008 
2. Ц.Володя, Д.Цэрэнбалжир, Ц.Ламжав. Монгол орны эмийн ургамал. УБ. 

Адмон. 2010 
3. Д.Баян-очир, Н.Батбаяр, Ч.Нямдаваа. Монгол орны зонхилох ургамлын 

лавлагаа. УБ. BCI. 2012  
4. Н.Өлзийхутаг. БНМАУ-ын бэлчээр хадлан дахь тэжээлийн ургамал 

таних бичиг. УБ. УХГ. 1985 
5. Д.Энхжаргал, Б.Баясгалан, С.Пүрэвсүрэн. Эмийн ургамал судлал УБ. 

Эрхэс. 2004  
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Clean coal technology (CHEM433) 

Curriculum BSc in Chemistry 
Course level Junior (4th level) 
Code CHEM433 
Subtitle Clean coal technology 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Associate professor, Department of Chemistry 
B.Enkhsaruul, Ph.D. 

Department Department of Chemistry, Fossil fuel chemistry team 
Lecturer Associate professor, B.Enkhsaruul, Ph.D.  

Senior lecturer, I.Saruul, Ph.D. 
Language Mongolian 
Relation to curriculum Compulsory minor course 
Webpage https://sites.google.com/site/fizikhimi/surgalt/bakalavr/ 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours53 
Seminar     (32 hours)                                     16 hours 
Laboratory (-)                                     - 
Project 
Presentation  
 

Credit points (CP) 3 credit points (Lecture – 1.5 CP, Seminar – 1.5 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students. 

Recommended 
prerequisites 

CHEM204 (Organic chemistry) 

Module 
objectives/intended 
learning outcomes 

CLO 1. Students know the main knowledge about world coal utilization situation 
and its future tendency. Moreover, students know how to process coal primarily and 
deeply using the non-toxic and efficient methods. 
CLO 2. Students know the advanced technological methods how to convert coal 
efficiently and environment-friendly using by mechanical and chemical methods. 

                                                
53 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO 3. Students know the knowledge how to use and to retreat the by-products, 
wastes and emitted gases in coal processing and utilization. 
CLO 4. Students are able to think through regarding to environment pollution and 
global warming problems originated from coal utilization. 
CLO 5. Students are able to search the necessary information and data from the 
sources of books, textbooks, encyclopaedia and internet. 
CLO 6. Students are able to evaluate and respond to any problems in the position 
of chemist. 
CLO 7. Students are able to express their opinion regarding to findings, to be 
virtuous and disciplined in their study; and to have motivation to improve their 
knowledge and skills. 
 CLO 8. Students are able to communicate with others ethically, and to respect 
different opinions, and to learn from other students. 
CLO 9. Students are able to distribute the knowledge using the methods of speech 
and presentation to their surroundings. 

Content Lecture/Seminar 
 Introduction, coal utilization recent and future conditions, Coal utilization in 

energy production 

 Origin, classification and rank; coal characteristics and their standards 

 Basics about fossil fuels, their resources and amounts 

 Impacts of coal utilization on human health and environment 

 Coal mining and underground gasification 

 Coal primary preparation and cleaning processes 
 Classification of coal cleaning processes, gravity and surface characteristic 

based flotation  
 Removal of moisture of mined coal, drying technologies and chemical cleaning 

methods 
 Coal transportation and storage methods, coal waste recycling and storage 

 Methods of coal combustion, power plants and its principles 

 Advanced technologies of green energy production 

 Ecological and economic impacts of coal processes, and techno-economic 
assessments 

 Wastes and emissions from coal processing plants, their reduction methods 

 Monitor of SOx, NOx emission gases, removal methods of toxic gases from 
smoke  

 Monitor of particle matters and heavy metals, their emission reduction  

 Greenhouse gases, their determination and contents, carbon capture & 
sequestration (CCS) 

 Carbon management and energy problems, world environmental new 
regulations  

Study and examination 
requirements and forms of 
examination 

Seminar (30 points): Students should perform a homework for every seminar. 
During seminar class, students do the activities to make a decision or to answer to 
problem-solving or case-based questions and calculation problems. Problems are 
done solely or in pair or in group. Student’s perfect performance is evaluated by the 
score of 2 in every seminar. 
Activity (10 points): Full attendance of lecture (5 point) and seminar (5 point) 
excluding absences due to sick and special circumstances are evaluated in the end 
of semester. 
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Assignment (1×15=15 points): Student can select the most interesting topic for 
him/her within course contents for preparation of assignment. Assignment is 
evaluated by the skills of correct data and information gathering (5 score), 
analysing (5 point) and self-expressing (5 point) abilities. Assignment is usually 
submitted in XIV-XV week of semester. 
Mid-term exam (15 points):Mid-term exam is done once per semester around VII-
VIII week of semester. Test is performed for 60 minute. Test results are listed within 
five days of week in the university Si-Si system.  
Final exam (30 points): Mid-term exam is done once per semester around XVII-
XIX week of semester. Test including all contents of the course is performed for 90 
minute. Test results are listed within five days of week in the university Si-Si system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Animation, Video гэх 
мэт 

Reading list Lecture notes, seminar and lab materials on webpage: 
1. Osborne D., The coal handbook Towards cleaner production, V1 Coal 

production, 2013 
2. Bruce G.Miller, Clean Coal Engineering Technology, 2011  
3. Speight J.G., The Chemistry and Technology of Coal, Marcel Dekker Inc., 2nd 

Еdition, 2012. 
4. J.Narangerel, Coal chemistry and technology basis, UB, Аdmon, 2011. 
5. Willson W., French D., Gibson L., Understanding Coal Quality, MineSkill 

Australia; 7th Edition 2011. 
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Fuels and Lubricants chemistry (CHEM434) 

Curriculum BSc in Chemistry, BSc in education 
Course level Junior (4rd level) 
Code CHEM434 
Subtitle Fuels and Lubricants chemistry 
Semester(s) in which the 
module is taught 

Spring (VIII) 

Person responsible for the 
module 

Head, Curriculum committee, Department of Chemistry 
D.Sarangerel, Ph.D.  

Department Department of chemistry, Organic chemistry team 
Lecturer Associate professor, B.Enkhsaruul Ph.D.  

Associate professor, N.Davaajav, Ph.D. 
Language Mongolian 
Relation to curriculum Minor  specific course 
Webpage https://sites.google.com/site/organikhimimuis/surgalt/satahuun-tosolgoony-

materialyn-himi-ba-analiz-chem434 
Type of teaching, contact 
hours and workload 

              Contact hours                                     Self-study 
Lecture       (32 hours)                                     64 hours54 
Laboratory (48 hours)                                      

Credit points (CP) 3 credit points (Lecture – 2 CP, Laboratory – 1 CP) 
Requirements according 
to the examination 
regulations 

4.7.1. In the beginning of a course, the assessment method is informed clearly to 
students. 
4.6.12.5. When a student is unable to continue the course or demonstrates 
unsatisfactory performance, he/she shall make a request to the instructor for a grade 
W seven days prior to the scheduled end-of-semester (final) exam…. 
4.6.12.8. A student who has not taken end-of-semester exam for unjustifiable excuse 
shall receive a grade ‘F’, which means unsatisfactory. In case he/she provides 
justifiable evidence for not taking the exam, a grade ‘E’ will be assigned. The 
student is obliged to submit valid evidence along with a request for taking the exam 
to instructor within three days after the date of the examination he/she missed.  
4.7.4. The midterm and end of semester exam are taken once respectively.  
4.7.11. An exemplary student who regularly demonstrates an active participation in 
class discussions and successfully satisfies all requirements of midterm tests may be 
exempted from an exam and get corresponding grade with his/her achievement. The 
exemption is announced to all students. The number of the students exempted is not 
exceed 10% of total students. 

Recommended 
prerequisites 

CHEM201 (General chemistry) CHEM301 (Organic chemistry II), 

Module 
objectives/intended 
learning outcomes 

CLO1. Students will know wide knowledge about the chemical properties, 
classifications, and consumption characteristics of all kinds of fuel, lubricants and 
technical fluids. 
CLO2.  Students will learn the techniques and methods used to safely use the 
reagents and substances that are widely used in the lubricant testing and the 
common techniques and methodologies of chemistry laboratories. These include: 
sample preparation, weighing, dissolving, filtering, evaporation, drying, burning, 
and extraction. 

                                                
54 Бие даан судлах цагт бие даалтын даалгавар гүйцэтгэх, явцын болон улирлын шалгалтад бэлтгэх, бодлого бодох 
зэрэг багтана. 
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CLO3. Students will learn the methodology for determining and evaluating the 
chemical- technological properties of the Fuel Oil Material, and the methodology 
for the analysis of standard methods. These include: methods to determine such as 
the proportion and relative density of petroleum products, number of fuel’s octane 
and cetane composition of fractions, flame and flashing temperature, viscosity, 
number of acids, chemical composition and freezing temperature of cooling fluid. 
CLO4. Students are able to plan experimental steps, accurately mark and calculate 
results, and explain the results in scientific basis and summarize. Also students will 
learn about the sources of the required information and learn how to use them 
properly. 
CLO5. Students will learn self-reliant, passionate, committed to conducting coal 
exploration, consistently, diligently, personal organization and morality, and 
clearly expressing accurate information to others and disseminating knowledge 
through reporting.  
CLO6. Students are able to communicate ethically with others, to respect others' 
views, and to learn from others.  

Content Lecture 
 Introduction 

 Production methods of Fuel and Lubricants 

 Fuel  

 Gas fuel 

 Car petrol 

 Aircraft fuel 
 Petrol for jet propulsion 

 Diesel fuel 

 Lubricants 

 Quality of the mixture for lubricants 

 Engine oil 
 Equipment and automotive oil 

 Lubricating oils and creamy grease to ointment 

 Technical liquid 
Laboratory 
 Get acquainted with safety techniques for working with chemical laboratories 

for lubricants and the principles of the lesson, and conclude a contract.  

 Determine percentage and relative density of oil products 

 Determine number of gasoline’s octane and number of diesel fuel's cetane  

 Determine fractions composition of auto gasoline and diesel fuel  

 Determine flame and flashing temperature of oil product 

 Determine chemical composition and freezing temperature of cooling fluid 

 Determine the viscosity of the diesel fuel and oil fractions 

 Determine number of petrol acids 

Study and examination 
requirements and forms of 
examination 

Activity (10 points): Full attendance of lecture (5 point) and seminar (5 point) 
excluding absences due to sick and special circumstances are evaluated in the end 
of semester. 
Laboratory (20 points): A student should collect a total of 20 scores from this 
course. Laboratory 8 experiments are carried out and totally evaluated by 240 
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(8×30) points. At the end of the course, the 240 points must be converted into 20 
points.  
Self-study (2×10=20 points): A total score for two self-studies is 20 points (2×10). 
Students receive the first self-study assignment in IV week and submit it in VII week. 
The second one is received in IX week and submitted in a XVI. Self-studies can be 
delivered via SISI system and a student can work independently or on a team within 
three weeks. Mostly, self-studies cover inquiry-based problem sets. Each problem 
set is scored by 4-6 points according to 4-5 criteria. A total score for a self-study is 
optional, but a final score should be converted into 10. A self-study shall be graded 
within two weeks and immediately informed after grading. Feedback is given at 
lectures and seminars.  
Midterm exam (20 points): It is taken once in a VIII week. The midterm written 
exam includes tests with single- and multiple-choice answers covering the topics 
studied for I-VII weeks. The examination period is 90 minutes in length. Within five 
working days, the exam materials should be graded and filled in an O1 window of 
SISI informational system.   
Final exam (30 points): It is taken once in the XVII-XIX week. The final exam in a 
writing form includes tests with single- and multiple-choice answers, covering the 
topics studied for IX-XVI weeks. The examination period is 90 minutes in length. 
Within five working days, the exam materials should be marked and filled in an O3 
window of SISI system. 

Media employed MS PowerPoint, Projector, notebook or personal computer, Molecular model, 
Animation, Video  

Reading list Lecture notes, lab materials on webpage: 
https://sites.google.com/site/organikhimimuis/surgalt/satahuun-tosolgoony-
materialyn-himi-ba-analiz-chem434 
1. Games G.Speight, Handbook of Petroleum Product Analysis, Sons, Inc. 2002. 
2. B.Shirchin, J.Ouyngerel, Crude oil and Petroleum product, UB, 1996. 
3. Games G.Speight, Synthetic fuels handbook:  Properties, Process and 

Performance, 2008. 
4. N.Davaajav, Fuels and Lubricants chemistry, UB, 2003. 
5. Itinskaya N.I, Kuznetsov N.A Fuel, Lubricants and Technical liquid, 1989. 

6. D.Monkhoobor, Handbook of Fuels and Lubricants chemistry, UB, 2016. 
7. D.Monkhoobor, Methods for Petroleum and Petroleum Products analysis, UB, 

2003. 
 
 


