
 
 

Chem 562: Physical Chemistry 
3 credits  
Fall 2019 

 

Instructor and TA 
Yang Yang (yyang222@wisc.edu)  Office hours: TF 3:00PM - 4:00PM in Chem 8305I 

Angela Ablaberdieva (ablaberdieva@wisc.edu) Office hours: By appointment 

Feng Pan (fpan22@wisc.edu)   Office hours: By appointment 
 

Meeting time and location 
Lecture   MWF 8:50AM - 9:40AM Room Chem B371 
Discussion 1   T 8:50AM - 9:40AM   Room Chem 2311  Angela Ablaberdieva 
Discussion 2   T 9:55AM - 10:45AM   Room Chem 2311 Angela Ablaberdieva 
Discussion 3   T 12:05PM - 12:55PM  Room Chem 2311 Feng Pan 
 

Course designations and attributes 

Advanced level; physical science breadth; counts as L&S credit;  
 

Course hours and course credit information 
One hour (i.e. 50 minutes) of classroom or direct faculty/instructor instruction and a minimum of two 
hours of out of class student work each week over approximately 15 weeks, or an equivalent amount of 
engagement over a different number of weeks. 
 

Requisites 
Chem 561 or Chem 565 or Chemical & Biological Engineering 310 (formerly called CBE 211), AND 
Physics 202 or 208. 
 

Course description 
Quantum theory, atomic structure, molecular structure and spectra, statistical mechanics, reaction 
dynamics 
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Learning outcomes 
This course discusses the microscopic view of matter and chemical phenomena using the tools of 
quantum mechanics and statistical thermodynamics. The overall goal is to provide the physical and 
mathematical underpinnings of a molecular description of physical and chemical properties. By the end of 
the semester, you will be able to   
1. Describe fundamental quantum mechanics concepts, including operators, wave functions, and the 

uncertainty principle. 
2. Use quantum chemistry models to describe the translational, rotational, and vibrational motion of 

particles, the microscopic details of atomic and molecular structures, and the basis of rotational, 
vibrational and electronic spectroscopies. 

3. Apply quantum chemistry and statistical thermodynamic models to describe bulk thermodynamic 
properties, chemical equilibrium, and chemical reaction dynamics. 
 

Textbook/Reference 
Atkins, P., and J. de Paula. Physical Chemistry (11th edition), Recommended 
McQuarrie, Donald A. Quantum Chemistry, Optional 
Fayer, Michael. Elements of Quantum Mechanics, Optional 
Steinfeld, J. Chemical Kinetics and Dynamics, Optional 
 

Problem sets 
There will be 12 problem sets in total. They are given on Fridays and due after one week at the beginning 
of the class period on Friday (unless otherwise noted). They can be handed in to me prior to lecture or 
delivered to Feng Pan’s Chemistry mailbox. The PDF files of the problem sets are on Canvas. You get 
full credit if you hand in the problem set on time and complete all problems. You will NOT lose points 
for wrong answers. Late work received by the end of the day on Monday will receive 80% credit, and any 
time after that 50% credit. Solutions will be posted on Monday night. You are free to work with others on 
the problem sets and will probably find it useful, but you should understand the problems by yourself 
because a large number of problems in exams will come from the problem sets. 
 

Exams 
There will be three exams for this course. All are closed-book exams. 
Mid-term Time: 10/16 during lecture 
Mid-term Time: 11/20 during lecture 
Final  Time: 12/19 7:45AM-9:45AM Location: TBD 
 

Grading 
Homework (12 problem sets)  30%   
Mid-term exam 1   20%  
Mid-term exam 2   20%  
Final exam    30% 
 

  



Course outline (tentative) 
Week Lecture Date Content Atkins (11e) PS due 

1 1 9.4 Overview   
2 9.6 Origin of quantum mechanics 7A  

2 
3 9.9 Schrodinger equation 7B.1  
4 9.11 Born interpretation 7B.2  
5 9.13 Operators and observables 7C  

3 
6 9.16 Uncertainty principle 7C  
7 9.18 Particle in a box 7D  
8 9.20 Particle on a ring 7F.1 PS 1  

4 
9 9.23 Particle on a sphere 7F.2  

10 9.25 Rotation of molecules 11B.1  
11 9.27 Rotational spectroscopy 11B.2 PS 2 

5 
12 9.30 Harmonic oscillator 7E  
13 10.2 Vibration of molecules 11.C  
14 10.4 Vibrational spectroscopy 11.D PS 3 

6 
15 10.7 Hydrogen atom 8A  
16 10.9 Hydrogenic atoms 8A  
17 10.11 Many-electron atoms 8B PS 4 

7 
18 10.14 Spin multiplicity 8C  
19 10.16 Mid-term exam 1 (Lec 1-14)   
20 10.18 Spin-orbit coupling 8C PS 5 

8 
21 10.21 Born-Oppenheimer approximation 9A  
22 10.23 Valence bond theory 9A  
23 10.25 Molecular orbital theory 9B PS 6 

9 
24 10.28 Homonuclear diatomic molecules 9C  
25 10.30 Heteronuclear diatomic molecules 9D  
26 11.1 Polyatomic molecules 9E PS 7 

10 
27 11.4 Electronic excitations and electronic spectra 11F  
28 11.6 Decay of excited states 11G  
29 11.8 Configuration and weight 13A PS 8 

11 
30 11.11 Partition function   
31 11.13 Partition function 13B  
32 11.15 Molecular energies 13B PS 9 

12 
33 11.18 Entropy 13C  
34 11.20 Mid-term exam 2 (Lec 15-28) 13E  
35 11.22 Canonical ensemble 13D PS 10 

13 36 11.25 Derived functions 13F  
37 11.27 Equilibrium 13F  

14 
38 12.2 Reactive encounters 18A PS 11 
39 12.4 Diffusion-controlled reactions 18B  
40 12.6 Transition-state theory 18C  

15 41 12.9 Transition-state theory 18C  
42 12.11 Review  PS 12 

  12.19 Final exam (Lec 29-42)   
 

  



Student rights and responsibilities 

Every member of the University of Wisconsin–Madison community has the right to expect to conduct his 
or her academic and social life in an environment free from threats, danger, or harassment. Students also 
have the responsibility to conduct themselves in a manner compatible with membership in the university 
and local communities. UWS Chapters 17 and 18 of the Wisconsin Administrative Code list the 
university policies students are expected to uphold and describes the procedures used when students are 
accused of misconduct. Chapter 17 also lists the possible responses the university may apply when a 
student is found to violate policy. The process used to determine any violations and disciplinary actions is 
an important part of UWS 17. For the complete text of UWS Chapter 17, see Office of Student Conduct 
and Community Standards website, or contact them via phone at 608-263-5700 or room 70 Bascom Hall. 

No student may be denied admission to, participation in or the benefits of, or discriminated against in any 
service, program, course or facility of the UW system or its institutions or centers because of the student's 
race, color, creed, religion, sex, national origin, disability, ancestry, age, sexual orientation, pregnancy, 
marital status or parental status. 
 

Religious beliefs accommodation 

The UW System Board of Regents' policy states that students' sincerely held religious beliefs shall be 
reasonably accommodated with respect to scheduling all examinations and other academic requirements. 
Students must notify the instructor within the first three weeks of the beginning of classes (or within the 
first week of summer session and short courses) of the specific days or dates on which they will request 
accommodation from an examination or academic requirement. 
 

Academic integrity 

By virtue of enrollment, each student agrees to uphold the high academic standards of the University of 
Wisconsin-Madison; academic misconduct is behavior that negatively impacts the integrity of the 
institution. Cheating, fabrication, plagiarism, unauthorized collaboration, and helping others commit these 
previously listed acts are examples of misconduct which may result in disciplinary action. Examples of 
disciplinary action include, but is not limited to, failure on the assignment/course, written reprimand, 
disciplinary probation, suspension, or expulsion.  
 

Accommodations for students with disabilities  

The University of Wisconsin-Madison supports the right of all enrolled students to a full and equal 
educational opportunity. The Americans with Disabilities Act (ADA), Wisconsin State Statute (36.12), 
and UW-Madison policy (Faculty Document 1071) require that students with disabilities be reasonably 
accommodated in instruction and campus life. Reasonable accommodations for students with disabilities 
is a shared faculty and student responsibility. Students are expected to inform faculty [me] of their need 
for instructional accommodations by the end of the third week of the semester, or as soon as possible after 
a disability has been incurred or recognized. Faculty [I], will work either directly with the student [you] or 
in coordination with the McBurney Center to identify and provide reasonable instructional 
accommodations. Disability information, including instructional accommodations as part of a student's 
educational record, is confidential and protected under FERPA.  
 

Diversity and inclusion 

Institutional statement on diversity: Diversity is a source of strength, creativity, and innovation for UW-
Madison. We value the contributions of each person and respect the profound ways their identity, culture, 
background, experience, status, abilities, and opinion enrich the university community. We commit 



ourselves to the pursuit of excellence in teaching, research, outreach, and diversity as inextricably linked 
goals. 

The University of Wisconsin-Madison fulfills its public mission by creating a welcoming and inclusive 
community for people from every background – people who as students, faculty, and staff serve 
Wisconsin and the world.  


