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A. SEMESTER LEARNING ACTIYITY PLAN 

A.1. COURSE IDENTITY 

Module Name Quantum Chemistry 

Module level Bachelor  

Abbreviation, if applicable  

Sub-heading, if applicable - 

Course included in the 

module, if applicable 
- 

Semester/term 2nd/First Year 

Module coordinator(s) Prof. Dr. Suyono, M.Pd. 

Lecturer(s) 
Dr. IGM Sanjaya, M.Si., Samik, S.Si., M.Si., and Findiyani 

E. Asih, S.Pd., M.Pd. 

Language Indonesian 

Classification within the 

curriculum 
Compulsory Course 

Teaching  format/class 

hours per week during the 

semester: 

3 hours lecturers (50 min per hours) 

Workload: 

1 CU for bachelor degree equals to 3 workhours per week 
or 170 minutes (50’ face to face learning, 60’ structured 
learning, and 60’ independent learning). In one semester, 
courses are conducted in 14 weeks (excluding mid and 
end-term exam). Thus, 1 CU equals to 39.67 workhours per 
semester. One CU equals to 1.587 ECTS. 

Credit points: 3 x 1.587 = 4,761 ECTS 

Prerequisites course(s): Basic Chemistry I 

Targeted learning outcomes: 

1. Students can take advantage of digital transformation and 

various other learning resources to support their 

understanding of quantum chemistry. 

2. Students can master the concepts and basic principles of 

quantum chemistry which are appropriate for the 

structure, bonds, and characteristics of various materials 

in physical chemistry. 

3. Students are able to make decisions in formulating 

solutions to quantum chemical problems related to 

atomic structure, chemical bonds, molecular structure, 
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molecular symmetry, spectroscopy and molecular 

interactions. 

4. Students have good morals, ethics and personality in 

completing quantum chemistry assignments 

independently or in groups and are responsible for 

communicating the results. 

5. Students have Ability to integrate the concept of 

technopreneurship in quantum chemistry 

Content: 

1. Basic Concepts and Principles of Quantum Chemistry.  

2. The application of quantum chemistry to translational, 

vibration and rotation motion 

3. The application of quantum chemistry to the structure of 

the hydrogen atom and the atom with many electrons 

4. Chemical bond theory (Valence bond theory and 

molecular orbital theory) 

5. Molecular symmetry 

6. Molecular spectroscopy 

7. Molecular interactions 

Study / exam achievements: 

Students are considered to be competent and pass if at least 
get 55 

Final score is calculated as follows: 20% participation + 

30% assignment + 20% middle exam (UTS) & 30% final 

exam (UAS) 

Table index of graduation 

• A   = 4 (85 ≤-≥ 100) 

• A-  = 3,75 (80 ≤-˂ 85) 

• B+ = 3,5 (75 ≤- ˂ 80) 

• B   = 3 (70 ≤-˂ 75) 

• B-  = 2,75 (65 ≤-˂75) 

• C+ = 2,5 (60 ≤-˂65) 

• C   = 2 (55 ≤-˂60) 

• D   = 1 (40 ≤-˂55) 

• E    = 0 (0 ≤-˂40) 

Media: Computer, LCD, White board, internet 

Learning Methods 
Individuals assignment, group assignment, discussion, and 

presentation 

Literature: 

1. Atkins, P., Paula, J.d., and Keeler, J. 2018. Atkin’s 

Physical Chemistry, 11th edition. New York: Oxford 

University Press. 

2. Levine, Ira N. 2014. Quantum chemistry, 7th edition. 

New York: Pearson Education, Inc 

3. Mortimer, R.G. 2008, Physical Chemistry, 3th edition, 

London: Elsevier Inc. 

Note  
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A.2. COURSE TOPIC 

 

This course topic are quantum chemistry and its application of atomic structure, 

chemical bonds, molecular structure, properties of matter, molecular symmetry, 

spectroscopy and molecular interactions. This course is presented in theory, practice, 

and simple engineering through literacy, discussion, and assignments.
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A.3. COURSE PROGRAM 

 

UNIVERSITAS NEGERI SURABAYA 
FACULTY OF MATHEMATICS AND NATURAL SCIENCE  

UNDERGRADUATE PROGRAMME OF CHEMISTRY 

Document 
Code 

SEMESTER LEARNING ACTIYITY PLAN 
COURSE CODE Course Group Credit Unit Semester Date 

Quantum Chemistry 3074213020 Compulsory 3 SCU 2 6 January 
2020 

AUTHORIZATION 
CHEMISTRY 

Compiler Coordinator Head of Study Program 

 Prof. Dr. Suyono, M.Pd. Dr. Amaria, M.Si. 

Learning Outcomes Program Learning Outcomes (PLO)  

PLO1 
(KNO-1) 

Able to master the concepts of structure, dynamics and energy, as well as the basic principles of separation, analysis, 
synthesis, and characterization of micromolecular compounds and their applications 

PLO8 
(SOC-2) 

Able to adapt to various developments in chemistry, continue to develop and learn throughout long-life education, both 
formal and nonformal 

Course Learning Outcomes (CLO)  

CLO1 Students can take advantage of digital transformation and various other learning resources to support their 

understanding of quantum chemistry. 

CLO2 Students can master the concepts and basic principles of quantum chemistry which are appropriate for the 

structure, bonds, and characteristics of various materials in physical chemistry. 

CLO3 Students are able to make decisions in formulating solutions to quantum chemical problems related to atomic 

structure, chemical bonds, molecular structure, molecular symmetry, spectroscopy and molecular interactions. 

CLO4 Students have good morals, ethics and personality in completing quantum chemistry assignments independently 

or in groups and are responsible for communicating the results. 

CLO4 Students have Ability to integrate the concept of technopreneurship in quantum chemistry 
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Sub CLO  

Sub-CLO1 Students are able to master the achievement targets of quantum chemistry course 

Sub-CLO2 Students are able to understand the basic principles of quantum chemistry 

Sub-CLO3 Students are able to apply quantum chemistry on translational motion 

Sub-CLO4 Students are able to apply quantum chemistry on vibrational motion 

Sub-CLO5 Students are able to apply quantum chemistry on rotational motion 

Sub-CLO6 Students are able to determine the structure and spectra of hydrogen atoms 

Sub-CLO7 Students are able to determine the structure and spectra of complex atoms 

Sub-CLO9 Students are able to understand valence bond theory or VBT 

Sub-CLO10 Students are able to understand MOT for diatomic molecules 

Sub-CLO11 Students are able to understand MOT for polyatomic molecules 

Sub-CLO12 Students are able to understand the basic principles of molecular symmetry 

Sub-CLO13 Students are able to apply symmetry and group symmetry of a molecule 

Sub-CLO14 Students are able to understand the basic principles of molecular spectroscopy 

Sub-CLO15 Students are able to understand molecules related interactions which with the electrical and interfacial properties of a 
matter 

Brief Description of 
the Course 

This course studies quantum chemistry and its application of atomic structure, chemical bonds, molecular structure, properties 

of matter, molecular symmetry, spectroscopy and molecular interactions. This course is presented in theory, practice, and simple 

engineering through literacy, discussion, and assignments. 
Study Materials: 
Learning Materials 

1. Basic Concepts and Principles of Quantum Chemistry.  

2. The application of quantum chemistry to translational, vibration and rotation motion 

3. The application of quantum chemistry to the structure of the hydrogen atom and the atom with many electrons 

4. Chemical bond theory (Valence bond theory and molecular orbital theory) 

5. Molecular symmetry 

6. Molecular spectroscopy 

7. Molecular interactions 
Reference Main :  

1. Atkins, P., Paula, J.d., and Keeler, J. 2018. Atkin’s Physical Chemistry, 11th edition. New York: Oxford University Press. 

2. Levine, Ira N. 2014. Quantum chemistry, 7th edition. New York: Pearson Education, Inc 

Additional :  
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1. Mortimer, R.G. 2008, Physical Chemistry, 3th edition, London: Elsevier Inc. 

Lecturer Dr. IGM Sanjaya, M.Si., Samik, S.Si., M.Si., and Findiyani E. Asih, S.Pd., M.Pd. 
Prerequisite courses  Basic Chemistry I 

Meetin
g 

The final ability of each 
activity 

Assessment 

Learning Forms, 
Learning Methods, 

Student Assignment Reference 
Rating 
Weight 

(%) 
Indicator Criteria & Form Offline online 

(1) (2) (3) (4) (5) (6) (7) (8) 

1 Mastering the achievement 
targets of quantum 
chemistry course 

Mentioning the 
achievements of 
quantum chemistry 
course 

Introduction and 
contract of 
quantum 
chemistry  
 
Essay Test 

 Presentation and 
discussion 

RPS KF I 0 

2 Understanding the basic 
principles of quantum 
chemistry 

Distinguishing 
Schrodinger equations 
based on dependent 
and independent time 

The basic 
principles of 
Quantum 
Chemistry 
 
Essay Test 

 Presentation and 
discussion 

Ref. 1 hal 249 - 
287 
Ref. 2 

10 

3 Applying quantum chemistry 
on translational motion 

Defining function waves 
of particle, energy and 
density of particles in 
squares of 1, 2, 
and 3 dimensions 

Application of 
translational 
motion 
 
Essay Test 

 Presentation and 
discussion 

Ref. 1 hal 288 - 
300 
Ref. 2 

5 

4 Applying quantum chemistry 
on vibrational motion 

Determining the wave 
function of the particle 
and the energy levels of 
the vibrational motion 

Application of 
vibrational 
motion 
 
Essay Test 

 Presentation and 
discussion 

Ref. 1 hal 300 - 
306 
Ref. 2 

5 

5 Applying quantum chemistry 
on rotational motion  

Determining the wave 
function of the particle 

Application of 
rotational motion 

 Presentation and 
discussion 

Ref. 1 hal 306 - 
323 

5 
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and the rotational 
energy levels 

  
Essay Test 

Ref. 2 

6 Determining the structure 
and spectra of hydrogen 
atoms 

Determining the 
structure, shape and 
energy of atomic 
orbitals, and hydrogen 
spectra 

structure and 
spectra of 
Hydrogen atom 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 324 – 
338 
Ref. 2 

10 

7 Determining the structure 
and spectra of complex 
atoms 

Analyzing orbital 
approximation and term 
symbol 

structure and 
spectra of 
Complex atom 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 338 – 
370 

10 

8 Mid-Term Exam  
9 Understanding valence bond 

theory or VBT 
Explaining VBT of 
diatomic and 
polyatomic molecules 

Valence bond 
theory 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 371 - 377 5 

10 Understanding MOT for 
diatomic molecules 

Writing the electron 
configuration of a 
diatomic molecule 

MOT for diatomic 
molecules 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 378 – 
395 

5 

11 Understanding MOT for 
polyatomic molecules 

Describing the 
electronic structure of a 
polyatomic molecules 

MOT for 
polyatomic 
molecules  
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 395 – 
401 

10 

12 Understanding the basic 
principles of molecular 
symmetry 

Defining elements and 
operations on molecular 
symmetry 

The basic 
principles of 
molecular 
symmetry 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 409 – 
426 

10 
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13 Applying symmetry and 
group symmetry of a 
molecule 

Analyzing the group 
symmetry of a molecule 

Symmetry and 
group symmetry 
of a molecule 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 427 – 
444 

10 

14 Understanding the basic 
principles of molecular 
spectroscopy 

Distinguishing between 
translational, vibrational 
and rotational spectra 

The basic 
principles of 
molecular 
spectroscopy 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 445 – 
563 

5 

15 Understanding molecules 
related interactions 
which with the electrical and 
interfacial properties of a 
matter 

Analyzing the molecular 
interactions which 
produce the electrical 
and interfacial 
properties of a material 

The molecular 
interactions 
which 
produce the 
electrical and 
interfacial 
properties of a 
material 
 
Essay Test 

 Presentation and 
discussion 

Ref I hal 340 – 
370 

10 

16 Final Exams 100 
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A.4. MAPPING OF LEARNING OUTCOMES – COURSE OUTCOMES 

A.4.1. The Expected Program Learning Outcomes (PLO) of 

Undergraduate Program of  Chemistry (UPC) 

 

ASPECTS PLO CODE 

KNOWLEDGE 

1. Able to master the concepts of structure, dynamics 

and energy, as well as the basic principles of 

separation, analysis, synthesis, and characterization 

of micromolecular compounds and their 

applications 

KNO-1 

2. Able to master the basic principles and knowledge of 

how to operationalize instruments for the analysis 

and characterization of compounds, as well as 

utilizing ICT for modeling more specific molecules 

KNO-2 

SKIL 

3.  Able to master the principles of Occupational Health 

and Safety, manage laboratories and use their 

equipment, and operate instrumental of chemistry 
SKI-1 

4.  Able to design an activity to solve problems by 

implementing capabilities in the field of chemistry 
that refers to ecopreunership 

SKI-2 

COMPETENCIES 

5. Able to apply logical, critical, systematic and 

innovative thinking in the context of the 

development or implementation of science and 

technology by observe and applying the value of 

humanities in accordance with the field of 
chemistry in solving problems 

COM-1 

6.  Able to master the basics of the scientific method, 

designing and conducting research, compiling 

scientific reports and communicating them both 

verbally and in writing by utilizing information and 
communication technology 

COM-2 

ATTITUDE  

AND SOCIAL 

7.  Able to build teamwork and have entrepreneurial 

skills that are environmental perspective, and make 

the right, honest and responsible decisions in 

solving problems of chemistry and have social 

sensitivity as a obligation of citizens and religious 

communities 

 

SOC-1 

8. Able to adapt to various developments in chemistry, 

continue to develop and learn throughout long-life 

education, both formal and nonformal 
SOC-2 
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A.4.2. The Education Program Objectives (PEOs) of Quantum Chemistry 

A4.3. Mapping of Program Learning Outcomes (PLO) – Education 

Program Objectives (PEOs) 

 

 PLO 1 

(KNO-1) 

PLO 8 

(SOC-2) 

PEO 1 S NS 

PEO 3 S S 

 

B. COURSE ASSESSMENT 

B.1. Assessment Rubric 

Cognitive Criteria 

1. The ability to give answers correctly 

2. The ability to provide argumentation according to theory 

3. The ability to provide systematic explanations 

4. The ability to solve problems comprehensively 

 

B.2. Assessment System 

Final Assessment Course without practicum 

Practicum    : 0% 

Group/Individuals Assignment  : 30% 

Midterm examination   : 30% 

Final examination    : 40% 

 
Distribution of the weight of the ability of the test item 

  PLO 1 (KNO-1) PLO 8 (SOC-2) Total 

Practicum 0% 0% 0% 

Group/Individuals Assignment 60% 40% 100% 

Midterm examination 80% 20% 100% 

Final examination 70% 30% 100% 

 

Success Criteria of Program Learning Outcomes (PLO) 

Excellent ≥ 80 

Good ≥ 70 

Satisfy ≥ 55 

Failed < 55 
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Final index for undergraduate program defined as follow: 

 

Final Index Range 

A 4 (85 ≤-≥ 100) 

A- 3,75 (80 ≤-˂ 85) 

B+ 3,5 (75 ≤- ˂ 80) 

B 3 (70 ≤-˂ 75) 

B- 2,75 (65 ≤-˂70) 

C+ 2,5 (60 ≤-˂65) 

C 2 (55 ≤-˂60) 

D 1 (40 ≤-˂55) 

E 0 (0 ≤-˂40) 

 

C. COURSE DEVELOPMENT 

C.1. Academic Year 2019/2020 

 

Parameter ∑ of person Percentage  

Number or students taking this subject  67 100% 

Number of students who pass at first attempt (>B-) 64 95.6% 

Number of students who pass at first attempt (C ≥ -  ≤ B-) 2 2.9% 

Number of failed students after remedial (D & E) 1 1.5% 

 

C.2. Problems Analysis 

 

In 2019/2020 academic year in the quantum chemistry course, there were 98.5 % of students 

who had passed the examination at the first attempt. At the end of the semester examination, 

there is remedial for one student. There is one student who did not graduate because the student 

did not take the final exam. There are 66 students who graduated in above standard >70, but 2 

students in below standard, namely 55≥x˂70. So, it concluded that the learning 

strategy/methods still need to be improved for achieving higher results in the future. The 

average final score in 2019/2020 is lower than before, due to students have different 

characteristics, namely they difficult to cooperate with their group and not serious when doing 

the task, therefore the have lack of average score. 
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C.3. Solutive Strategy 

 

New teaching and learning methods should be developed for the next academic years, 

consisting of:  

1. Redesigning the course material (PPT slides, course contents, etc.) to become more 

interesting and interactive to stimulate student’s interest in this course.  

2. Giving “lecture by online” to stimulate our students to learn about the next lecture topics. 

3. Enhance the cooperative skills of students with exchange the methods and models of 

learning 

 

D. APPENDICES 

D.1. DOCUMENT OF COURSE ACTIVITY 

D.1.1. Lecture’s journal and student’s attendance  
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D.1.2. Sample of statement of examination official report   
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D.2. SAMPLE OF STUDENT WORK 

D.2.1. Sample of Test Paper 
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D.2.2. Sample of Student’s Work 
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D.3. RECAPITULATION OF ASSESSMENT 

D.3.1. Validate Test Item 

The end-of-semester evaluation questions consist of four items in the 

form of essay questions analyzed content through experts in the appropriate 

field of Quantum Chemistry.  Essay questions are validated with expert 

judgment in the course team members. The analysis was conducted by taking 

into account several aspects, namely the suitability of the questions with the 

course outcome, language, content and construct. 

D.3.2 Evaluation Results of Quantum Chemistry   
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 D.3.3 Percentage of PLO achievements of Quantum Chemistry at 

Academic Year 2019/2020 

 

 

 


