
Chemistry 425/525 – Statistical Thermodynamics 
 

Class Number: 01:160:425 or 01:160:525 
Class Location and Time: WL 260; Tu/Th 5:00 to 6:20 PM 
Instructor: Prof. Darrin M. York (Darrin.York@rutgers.edu) 
Office: CIPR (Proteomics), Room 308G 
 
Text books: 
 Required: “Molecular Driving Forces: Statistical Thermodynamics in Biology,  

Chemistry, Physics, and Nanoscience”, 2nd Edition, by Ken Dill and Sarina Bromberg. 
ISBN-10: 0815344309; ISBN-13: 978-0815344308 

 
 Suggested: “Statistical Mechanics: Theory and Molecular Simulation” by Mark E. 

Tuckerman. 
ISBN-10: 0198525265; ISBN-13: 978-0198525264 

 
Reference: “Statistical Mechanics” by Donald A. McQuarrie. 
ISBN-10: 1891389157; ISBN-13: 978-1891389153 
 
Other:  A reference mathematical textbook such as “Mathematical Methods for 
Physicists” by G. B. Arfken, H. J. Weber and F. E. Harris, or “Mathematical Methods in the 
Physical Sciences” by M. L. Boas. 

 
Description 
 
This course will approach thermodynamics from a molecular point of view, and use the 
framework of statistical mechanics to make connections between microscopic states and 
macroscopic observables.  Focus will be placed on the free energy as a fundamental driving 
force in Nature that determines reaction kinetics and equilibrium thermodynamic 
properties of chemical systems.  A goal of the course is to develop deeper understanding of 
the underpinning free energy components of entropy and energy.  Computational projects 
will be used to integrate the concepts taught in lectures and place them in the context of 
practical applications.  Students will be divided into teams and assigned computational 
projects that will be presented at the end of the semester.  This class is meant to build upon 
the foundations taught in CHEM 541 – Thermodynamics and Kinetics.  This class is an 
essential component for any graduate student that intends to go on to do 
computational/theoretical work using molecular simulations as a major tool as part of their 
research. 
 
Pre-Requisites 

CHEM 541 – Thermodynamics and Kinetics (01:160:541 or equivalent) is a required pre-
requisite. 

 

http://rumaps.rutgers.edu/location/center-for-integrative-proteomics-researchcipr
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Topics: 

1) Review of Fundamentals: 
a) Mathematical review of variational calculus. 
b) Probabilities, Entropy, and Free energy. 
c) Maximum Entropy and the Boltzmann distribution law. 

2) Ensembles and their relation to free energies:  
a) Microcanonical and Canonical ensembles. 
b) Isobaric ensembles. 
c) Grand canonical ensemble. 

3) Intermolecular forces: 
a) Bonded interactions. 
b) Non-bonded interactions. 
c) Coulombic interactions and electrostatic potentials. 

4) Molecular simulations: 
a) Molecular dynamics simulation. 
b) Monte Carlo simulation. 
c) Replica exchange simulations. 

5) Free energy calculations: 
a) Free energy perturbation, adiabatic switching and thermodynamic integration. 
b) Jarzynski’s equality and non-equilibrium methods. 
c) Rare events: reaction coordinates, umbrella sampling, and potential/force biasing. 
d) Analysis of free energy results using WHAM, MBAR and vFEP. 

6) Time-dependent phenomena: 
a) Transition state theory. 
b) Time-correlation functions. 
c) Transport properties. 

 
Grading 
 

Class participation 15% 
Homework/Problem sets 25% 
Projects/Presentations 25% 
Exams 35% 

 
Final grades in the class will be based on active class participation (15%) – which may 
include in-class activities and pop quizzes, assigned homework/problem sets (25%), 
Projects/Presentations (25%) and Exams (35%).  Students will be assigned a substantial 
computational project during the semester, which may have several integrated components.  
Students will be expected to make presentations at the end of the semester on their projects 
to the rest of the class, as well as attend and provide feedback to other student presentations.  
Two exams will be given during the course of the semester and announced as least one week 
beforehand. 
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Homework and Group Activities 

Students are allowed - and expected - to collaborate with their team members on all assigned 
HW problems and group activities.  Nonetheless, each student should individually write up, 
as their own work, detailed solutions for each assigned problem.  This work should be hand-
written, neat, organized and complete, and handed in as a PDF file through Sakai before the 
assigned due date.  Late assignments will not be accepted 
 
More about team learning: student teams are expected to meet AT LEAST once a week at a 
designated time.  Each student in the team should contribute to discussion and solution of 
all problems, and it is the responsibility of the team that all team members understand each 
problem and its solution.  In addition, individual team members will have specific roles 
assigned to them each week on a rotating basis.  These roles include: 

a. Manager: Manages the group.  Ensures that members are in attendance and fulfilling 
their roles, that the assigned tasks are being accomplished on time, and that all 
members of the group participate in activities and understand the concepts. 

b. Recorder: Records the names and roles of the group members at the beginning of 
each activity (and takes attendance).  Records the important aspects of group 
discussions, observations, insights, obstacles, etc.  The recorder’s report is a concise 
log of the important concepts that the group has learned.  

c. Presenter: Reports orally to the class when called for in class discussions. 
d. Reader (optional): Reads the activity out to the group and to make sure everyone 

understands the activity.  For in-class team activities, the reader must monitor their 
volume so that their group can hear them, but other groups are not disturbed. This 
helps to keep everyone in the group together. The Manager will tell the Reader when 
it is time to read the next part of the activity.   For groups with only 3 person, the 
manager will also serve as the Reader. 

Course Policies 

 Attendance is mandatory.  Absences must be reported with the instructor and excused.  
Unexcused absences will lead to failure and dismissal from in the class. 

 It is critically important that students check Sakai and their email regularly. 
 

Academic Integrity 

Students are expected to adhere the university policies on academic integrity and student 
conduct in all assignments, assessments and other matters regarding this course.  These 
policies can be found online: 

http://studentconduct.rutgers.edu/academic-integrity/ 
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