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Introduction 

 

Exam form - standard, written.  

Exam platform: UC Univer 

Exam type - offline 

Control of the exam - video cameras in the classroom and the teacher. 

Exam duration: 3 hours. 

 
 

Topics on which exam papers will be compiled 

 

1. Description of modern quantum chemistry. 

2. The atom in computational methods. One electron atom. A multi-electron 

atom. 

3. Semi-empirical methods of electronic structure calculation. 

4. Basic functions of Slater and Gaussian types. 

5. Approximate methods for solving the Schrödinger equation for multi-

electron systems. 

6. A molecule in computational methods. Born-Oppenheimer 

approximation. 

7. Approximation of the linear combination of MO atomic orbitals. Rutan 

equations. 

8. Hartree-Fock method. 

9. Basis sets and pseudopotentials. 

10. Electronic characteristics. 

11. Methods of accounting for electronic correlation. Methods of function 

theory. 

12. Geitler-London, Pauling-Slater method of valence bonds, concepts of 

hybridization and resonance from the perspective of quantum mechanics. 

13. Geitler-London, Pauling-Slater method of valence bonds, concepts of 

hybridization and resonance from the perspective of quantum mechanics. 

Homonuclear diatomic molecules, calculation of their MO energy using the 

variational principle. 

14. Designing a task for calculating simple molecules. The problem of 

choosing the basis of AO. Geometric optimization. Analysis of AO 

complementation and communication order according to Mulliken. 

15. Molecular quantum numbers. MO method-basic rules and tasks. One 

electron approximation, concept of molecular orbital. Linear combination 

approximation of MO atomic orbital in the Hartree-Fock method, Rutan 

equations and their solution methodology. 

 

Exam rules 

1. The student needs to come to the classroom 15 minutes before the start 

of the exam and prepare, sign on the attendance sheet and sit in the seat 

indicated on the attendance sheet. Bring your ID, pen and pencil. 



2. In the event that a substitute person appears at the written examination, 

the teacher on duty draws up a corresponding act of violation of this document. 

3. Student being late for the exam is not allowed. 
 

Prohibited during the exam: 

1. Carry and/or use cheat sheets, cell phones, smart watches, other technical 

and other means that can be used for unauthorized access to auxiliary information. 

2. Talk with other students and strangers. 

3. Record your full name and/or other identifying information in your 

responses. 
 

Instructions for students 

1. If a student violates one or more of these points, a certificate of 

cancellation of the examination work is filled out and given (unsatisfactory) for 

the discipline.  

2. If a student appears for the exam and refuses to answer the ticket, 

passing the exam is graded “F”. 

3. In the absence of a valid reason, failure to appear for the exam is 

assessed as an “F” grade. 

4. For repeated violation of these Rules during the exam, the student is 

presented for consideration by the Faculty Council on Ethics. 

5. The final grade for the discipline can be canceled within 1 month after 

the exam if students are found to have violated the Instructions for conducting 

final control using distance learning technologies and/or rules of conduct during 

the exam: using cheat sheets, cell phones, negotiating, etc. d. based on 

recordings from surveillance cameras with filling out the Report. The act is not 

subject to cancellation, appeal or appeal. 

6. All violations during the exam are recorded in the student’s transcript. 

 

Grading Policy 

The ticket will contain 3 tasks (questions). Each task is worth 100 points. The 

final result will be the sum of all questions on the ticket divided by the number of 

criteria. 

 

 

 

 

 

 

 



 

 

Criterion/ 

score 

Descriptors 

Criterion/score Fine Satisfactorily Unsatisfactory 

90–100% (27-30 

баллов) 

70–89% (21-26 

баллов) 

50–69% (15-20 

баллов) 

25–49% (8-14 

баллов) 

0–24% (0-7 баллов) 

 

Knowledge 

and 

understandi

ng of course 

theory and 

concepts 

A complete, detailed 

answer to the question 

posed is given, the 

totality of conscious 

knowledge about an 

object is shown, 

manifested in the free 

operation of concepts, the 

ability to identify its 

essential and non-

essential features, and 

cause-and-effect 

relationships. Knowledge 

about an object is 

demonstrated against the 

background of 

understanding it in the 

system of a given science 

and interdisciplinary 

connections. 

A complete, 

detailed answer to 

the question posed 

is given, the main 

provisions of the 

topic are 

conclusively 

revealed; the 

answer shows a 

clear structure that 

reflects the essence 

of the concepts, 

theories, and 

phenomena being 

revealed.  

 

An insufficiently 

complete and consistent 

answer to the question 

posed is given, but at the 

same time the ability to 

identify essential and 

non-essential features 

and cause-and-effect 

relationships is 

demonstrated. There 

may be 1-2 mistakes 

made in defining basic 

concepts, which the 

student finds difficult to 

correct on his own. 

An incomplete 

answer was given, 

gross errors were 

made in 

determining the 

essence of the 

concepts, theories, 

and phenomena 

being revealed, due 

to the student’s lack 

of understanding of 

their essential and 

non-essential 

features and 

connections. The 

answer contains no 

conclusions. 

An incomplete answer 

was given, representing 

scattered knowledge on 

the topic of the question 

with significant errors in 

definitions. 

RUBRICTOR FOR CRITERIAL ASSESSMENT OF FINAL CONTROL 

 



 

Compliance 

with 

scientific, 

logical and 

consistent 

presentation 

The answer is 

formulated in 

scientific terms, 

presented in literary 

language, logical, 

consistent, 

demonstrative, and 

demonstrates the 

student’s author’s 

position. 

The answer is 

stated in literary 

language in 

scientific terms. 

There were some 

shortcomings in the 

answer, which were 

corrected by the 

student using 

teacher. 

The answer is logical 

and stated in scientific 

terms. There may be 1-2 

mistakes made in 

defining basic concepts, 

which the student finds 

difficult to correct on 

his own. 

The logic and 

consistency of 

presentation have 

significant violations. 

Additional and 

clarifying questions 

from the teacher do not 

lead to correction of 

the student’s answer 

not only to the question 

posed, but also to other 

questions in the 

discipline. 

There is fragmentation and 

illogical presentation. The 

student does not realize the 

connection of this concept, 

theory of phenomenon with 

other objects of the discipline. 

There are no conclusions 

specification and evidence of 

presentation. Speech is 

illiterate. 

Application 

of the 

selected 

methodology 

and 

technology 

to specific 

practical 

tasks 

Complete completion 

of the educational 

assignment, a 

detailed, reasoned 

answer to the question 

posed, followed by 

solving practical 

problems of the 

course; generalizes his 

practical skills. 

Partial completion of 

the educational 

assignment, 

incomplete, sometimes 

reasoned answer to the 

question posed with an 

incomplete solution to 

the practical problems 

of the course; illiterate 

use of scientific 

language norms in the 

course; partially 

generalizes his 

practical skills. 

The material is 

presented in fragments, 

in violation of logical 

sequence, factual and 

semantic inaccuracies 

are made, and 

theoretical knowledge 

of the course is used 

superficially. 

An irrational 

method of solving a 

task or an 

insufficiently 

thought-out answer 

plan; inability to 

solve problems, 

perform tasks in 

general; making 

mistakes and 

omissions that 

exceeds the norm.  

Inability to apply 

knowledge and algorithms 

to solve tasks; inability to 

draw conclusions and 

generalizations. Violation 

of the Rules for final 

control. 



Example of calculating the final score 

 

№                   Point 

 

 

Criterion 

«Excellent»  

 

«Good» «Satisfactorily»  «Unsatisfactory»  

 

90-100 % 70-89 % 50-69 % 25-49 % 0-24 % 

1.  Criterion 1 100     

2.  Criterion 2  75    

3.  Criterion 3  75    

 Final % 100 150   100+ 75+75  = 250 

 

250 / 3 criterion = 83,3 

 

Final score in % = 83 

 

 

 

 



Recommended literature sources for exam preparation  

Main:  
1. Henry F. Schaefer III (Author) Quantum Chemistry: The Development 

of Ab Initio Methods in Molecular Electronic Structure Theory (Dover 
Books on Chemistry) / Publisher:  Dover Publications (February 20, 2004). 
2. Rabah Ali Khalil (Editor) A Simple Approach to Quantum Chemistry / 

2020, Chemistry, Chemistry Research and Applications, Novinka, Online 
Books, Special Topics.  

3. Fateev A.V., Tuguldurova V.P. Computational Methods in Chemistry 
(laboratory work) / Tomsk 2021. 
4. Tsyshevsky R.V., Garifzyanova G.G., Khrapkovsky G.M. Quantum 

chemical calculations of chemical reaction mechanisms / Kazan KNRTU 
Publishing House 2012. 

Additional: 
1. Mitchell, Erica, "Quantum Chemical Methods: Its history and future" 
(2019). Chemistry. 19. https://pillars.taylor.edu/chemistry-student/19. 

2. Geerlings, P.; De Proft, F. Chemical Reactivity as Described by 
Quantum Chemical Methods. Int. J. Mol. Sci. 2002, 3, 276-309. 

https://doi.org/10.3390/i3040276. 
Internet resources: 
1. http://elibrary.kaznu.kz/ru 

2. http://sciencedirect.com/ 


