
Physical Chemistry I (AS.030.301) 
Autumn 2019 Term 

Course Guidelines and Syllabus 
 

Instructor:   Prof. Stephen Fried <sdfried@jhu.edu> 
Office:   Remsen 121 
Office Hours:  Wednesdays 2.00PM–3.20PM @ Remsen 121. 
 
Lectures:  Tuesdays and Thursdays 10.30AM – 11.45AM @ Shaffer 300 
 
TA:   Anneliese Faustino <afausti1@jhu.edu> 
TA’s Office:  Remsen 108  
TA’s Office Hours: By Appointment 
TA Section:  Friday, TBD 
 
Textbooks: Thermodynamics, Statistical Thermodynamics, and Kinetics (4th ed) 
 by Thomas Engel and Philip Reid 
 

Biomolecular Thermodynamics, from Theory to Application (1st ed) 
 by Douglas E Barrick  
 
Introduction: 
Physical Chemistry is the application of physical laws to describe chemical phenomena.  It asks, 
and oftentimes succeeds, at answering the question: “Why and how do molecules have the 
structure, properties, and reactivities that they do?”  We typically answer this question by 
producing equations that express the energy of the system in question as a function of its relevant 
coordinates.  The concept of energy is so important for describing and predicting key properties 
of molecules, Physical Chemistry curricula typically commence with Thermodynamics, which 
gives us a set of foundational mathematical tools and conceptual frameworks for ‘dealing with 
energy’ as it applies to chemical systems. 
 
Thermodynamics gives us a set of relations between macroscopic properties we can measure 
(e.g., temperature, volume, pressure, length).  What is remarkable about it is that it requires no 
assumptions about the nature of the underlying molecules (or even that molecules exist at all!). 
Thus, it is really very powerful, especially in cases where one does not know the molecular nature 
of the system of interest, or if this nature is very complicated.  On the other hand, the heavy usage 
of macroscopic descriptions tends to make thermodynamics appear abstract to many students of 
the chemical sciences. 
 
To address this, we will endeavour to connect the macroscopic picture (afforded by 
Thermodynamics), with the microscopic picture (afforded by Statistical Mechanics).  This way 
of learning Thermodynamics should be informative and help clarify some of its more elusive 
concepts (famously, entropy).  We will also sample topics from biophysics, computational 
chemistry, and kinetics. 
 
Learning Objectives: 
By the end of this course, students should 
1.  Understand the laws of classical thermodynamics in a fundamental way, and use them to 
analyze fundamental transformations including expansions and heating, mixing, changes of 



phase, and chemical reaction, as well as complex processes such as protein folding and ligand 
binding. 
2.  Be able to use multivariable calculus methods to analyze and derive key aspects of 
thermodynamics, including path integration, concepts of exact differentials, and constrained 
maximization. 
3.  Understand the concepts of the ensemble approach to statistical thermodynamics, the 
differences between different types of ensembles, and understand how to use partition functions 
to describe thermodynamic systems 
4.  Utilize the framework of chemical kinetics at both the ensemble and single-molecule level to 
dissect mechanisms of molecular processes. 
 
Blackboard: 
All course material (other than the textbook reading) will be available on Blackboard.  Also, I will 
be communicating with you via class email from blackboard, so you will need to use your JHED 
account. 
 
Textbooks: 
The course will make use of two textbooks, Thermodynamics, Statistical Thermodynamics, and 
Kinetics (978-0134804583) and Biomolecular Thermodynamics, from Theory to Application 
(ISBN-13: 978-1439800195).  The texts can be obtained from the bookstore or on Amazon. The 
use of two texts will help you see thermodynamics from two different points of view, and some 
students may find one text’s style to be more conducive to their learning than the other.  
Students are highly encouraged to skim the assigned readings prior to lecture (which will help 
prepare your for class) and the re-read the assigned reading following lecture (which will help 
you review and consolidate the new information). 
 
A question that many students will likely ask is, ‘Which textbook should I use?’  For most 
lectures, there will be a suggested reading from both textbooks.  In this case, I would 
recommend (naturally!) that you read both to get two different points of view on a common topic.  
If there is one textbook whose style you prefer, you are welcome to do the reading from a single 
textbook.  For some lectures, the topic is only covered in one textbook and not the other – that 
will make the decision pretty easy! 
 
Attendance: 
This course will combine active learning elements such as in-class exercises and team activities 
along with traditional lecturing.  These activities will require that students bring pens, paper, and 
a calculator to class.  A laptop – for looking up extra information – can be helpful for some 
exercises, but are not necessary nor are you expected to bring a laptop to class everyday.  
Attendance at lectures is required and participation in these activities is expected.  Absence 
can be excused for good reasons, such as: 1) you are ill; 2) you have a family emergency; 3) 
you are playing a varsity sport (good luck!); 4) you are observing a religious holiday; or 5) you 
have an interview (good luck!).  To be excused, absence must be communicated to the 
instructor beforehand, by email.  Excused absences will not penalize students’ participation 
mark.  Attendance will be determined by participation in in-class exercises.  Exercises (both 
individual and team-based) should be written on paper and submitted to the TA at the end of class 
to mark their presence in class and participation in the activity. 
 
 
 



Problem sets: 
A problem set will be assigned almost every week on Tuesday, and will be due 1 week later (see 
the syllabus for exact dates) in class (on Tuesday).  Problem sets are expected to be handed in 
to the TA before the end of lecture (at 11.45AM). 
 
In the situation where you cannot be in class to turn in a problem set, you may scan and e-mail it 
to the TA, though to be considered on time, your e-mail must be timestamped prior to the end of 
class on the Tuesday when the problem set is due. 
 
Problem sets turned in late (either on Tuesday after 11.45AM, or on Wednesday) will be awarded 
half credit.  Solutions will be posted on Thursdays; hence, no credit can be awarded for 
problem sets turned in on Thursday or later.  Exceptions to this rule may be granted under 
extraordinary conditions at the instructor’s discretion, but must be communicated to the instructor 
at least 2 days prior to the problem set’s due date by e-mail.  The lowest problem set will be 
automatically dropped, which also will help with situations where one cannot give sufficient notice 
for late homework.   
 
We will use Mathematica as an analysis and graphing program for some of the problems in your 
problem sets.  You will need to download Mathematica onto your laptop for work we will do in 
section (see below).  To install it on your machine, log onto myJHU, and under the “Technology” 
tab on the left, select mySoftware.  Search the catalogue for Mathematica, click Mathematica, 
and follow the instructions for “Student personally owned machine” (create an account at 
wolfram.com, etc.).  Mathematica should also be installed on most machines in computer 
classrooms, such as Jenkins 122 and UTL 98.  If you would like access to one of these rooms, 
let the instructor know and I will put you in contact with our room person. 
 
Note that not all problems will be Mathematica problems.  Some problems are best done by 
putting pencil (or pen) to paper.  Mathematica is good for graphing and fitting.  Deriving equations 
and relations, and answering thought questions is best done by hand, using pencil and paper.  
Please turn in a hard-copy of all your work, including both your hand-written work and your 
Mathematica work, stapled together.  For the Mathematica parts, submit a printed copy of your 
Mathamatica .nb file, but please keep your notebooks short and tidy (don’t leave a bunch of 
commands that did not work) and suppress unimportant output (with a semicolon).  For example, 
if you have to generate 1000 random numbers, we would like to see the command you used, but 
not its output. 
 
You are welcome (encouraged) to discuss how you are answering your problem sets with your 
classmates; nevertheless, your submitted answers need to be your own. 
 
Examinations: 
There will be two midterms and one final examination.  Midterms will be held during normal class 
time, at the dates listed on the syllabus.  The final examination will be at the ordained time (see 
syllabus below).  The final examination emphasizes the material in the last part of the course, but 
concepts and methods from the entire course will be used.   
 
Students are expected to uphold high standards of integrity during examinations, and will be 
asked to sign the statement: “I attest that I have completed this exam without unauthorized 
assistance from any person, materials, or device.” 
 



The three examinations in the courses are all closed-book, and closed-notes.  You will be 
permitted to bring a calculator.  All needed formulae will be provided on examination booklets. 
 
Make-up examinations will not be offered.  Hence, if you foresee not being able to sit any of 
the three exams, you should not take AS.030.301 for credit this semester. 
 
Mental Health: 
If you are struggling with anxiety, stress, depression or other mental health related concerns, 
please consider visiting the JHU Counseling Center. If you are concerned about a friend, please 
encourage that person to seek out their services. The Counseling Center is located at 3003 North 
Charles Street in Suite S-200 and can be reached at 410-516-8278 and online at 
http://studentaffairs.jhu.edu/counselingcenter/  
 
Disability Services: 
Any student with a disability who may need accommodations in this class must obtain an 
accommodation letter from Student Disability Services, 385 Garland, (410) 516-4720, 
studentdisabilityservices@jhu.edu.  Please follow up with the instructor by e-mail so that I may 
ensure that I provide the appropriate accommodations.  
 
Marking: 
The class will be marked according to the following rubric: 

Item Quantity Weight Total Weight 
Problem Sets 11 (10) 3% 30% 

Midterms 2 15% 30% 
Participation 24 10% 
Final exam 1 30% 

 
Lesson Plan: 
Black indicates lectures.  Blue indicates sections. 
Date Subject Reading 
Week 1   
Tue 3rd Sept 
Lecture 1 

Motivation, Introduction to Course, Probability. 
PS1 set. 

Barrick Ch 1 
E&R Ch 12 

Th 5th Sept 
Lecture 2 

Probability continued, multivariable calculus Barrick Ch 2 
E&R Math Essential 1–3 

Fr 6th Sept Mathematica, data analysis, plotting, calculus 
continued 

Barrick pp. 486-504 
 

Week 2   
Tue 10th Sept 
Lecture 3 

Equation of state, reversible processes, ideal 
gasses and the First Law 
PS1 due. PS2 set. 

Barrick Ch 3 pp. 87–110 
E&R Ch 2.1–2.2.8  

Th 12th Sept 
Lecture 4 

Irreversible processes and Heat Barrick Ch 3 pp. 111–126 
E&R Ch 2.9–2.14 

Fr 13th Sept First Law problems (E&R pp. 72)  
Week 3   
Tue 17th Sept 
Lecture 5 

Entropy, the Carnot Cycle 
PS2 due. PS3 set. 

Barrick Ch 4, pp. 131–142 
E&R Ch 5 

Th 19th Sept The Second Law, irreversible processes Barrick Ch 4, pp. 142–168 



Lecture 6 E&R Ch 5.1–5.6, 5.10–5.11 
Fr 20th Sept Second Law problems (E&R pp. 117–118)  
Week 4   
Tue 24th Sept 
Lecture 7 

Free Energy and Natural Variables 
PS3 due. PS4 set. 

Barrick Ch 5, pp. 173–187 
E&R Ch 6.1–6.4 

Th 26th Sept 
Lecture 8 

Molar quantities, Chemical potential, Gibbs-
Duhem 
 

Barrick Ch 5, pp. 187–201 
Barrick Ch 6, pp. 209–217 
E&R Ch 8.1–8.2 

Fr 27th Sept Non-ideal gasses and Joule-Thompson Effect E&R Ch. 7 
Week 5   
Tue 1st Oct 
Lecture 9 

Catch-up day 
(Second Day of Rosh HaShanah) 
PS4 due. 

 

Th 3rd Oct 
Lecture 10 

Phase transitions, Standard states, Clausius-
Clapeyron  

Barrick Ch 6, pp 217-228 
Barrick Ch 7, pp 233-238 
E&R Ch 8.1–8.6 

Fr 4th Oct Midterm 1 review  
Week 6   
Tue 8th Oct 
 

MIDTERM 1. (N.B. Drop Day is Sun 13th Oct) 
PS5 set. 

 

Th 10th Oct 
Lecture 11 

Mixing, chemical reactions, and equilibrium Barrick Ch 7, pp. 241–261 
E&R Ch 6.5–6.11 

Fr 11th Oct Phase transitions problem solving  
Week 7   
Tue 15th Oct 
Lecture 12 

Conformational transitions and experimental 
assessment of equilibria, protein folding 
PS5 due. PS6 set. 

Barrick Ch 7, pp. 264–268 
Barrick Ch 8, pp. 273–282 
E&R Ch. 6.9–6.11, 6.14 

Th 17th Oct 
Lecture 13 

Calorimetry: differential scanning calorimetry, heat 
capacity, bomb calorimetry 

Barrick Ch 8, pp 282–297 
E&R Ch 4.5–4.6 

Fr 18th Oct Chemical equilibrium problem solving  
Week 8   
Tue 22nd Oct 
Lecture 14 

Thermochemistry, Third Law, Energy of 
Formation, Bond Dissociation Enthalpy, Benson’s 
Method 
PS6 due. PS7 set. 

E&R Ch 4.1–4.4 

Th 24th Oct 
Lecture 15 

Intro to Statistical Mechanics and the Ensemble 
Concept, Molecular Dynamics, Ergodic 
Hypothesis 

Barrick Ch 9, pp. 303–318 
 

Fr 25th Oct Probability review Barrick Ch 1 
E & R Ch 12 

EWeek 9   
Tue 29th Oct 
Lecture 16 

Microcanonical Ensemble, Phase Space, 
Derivation of the Ideal Gas Law 
PS7 due. PS8 set. 

Barrick Ch 9, pp. 318–324 
E&R Ch 16 (only skim) 

Th 31st Oct 
Lecture 17 

The Canonical Ensemble Barrick Ch 10 
E&R Ch 13 

Fr 1st Nov Statistical ensembles problem solving  
Week 10   



Tue 5th Nov 
Lecture 18 

Gibb’s Paradox, Sackur-Tetrode, Molecular 
ensembles and helix-coil theory 
PS8 due. 

Barrick Ch 12, pp 373–384 
E&R Ch 14.1–14.4 
E&R Ch 15.1, 15.4–15.6 

Th 7th Nov 
Lecture 19 

Cooperativity and Flory theory Barrick Ch 12, pp 384–394 
E&R Ch. 20 

Fr 8th Nov Statistical mechanics review and Molecular 
partition functions 

E&R Ch 14.5–14.9 

Week 11   
Tue 12th Nov 
 

MIDTERM 2. 
PS9 set. 

 

Th 14th Nov 
Lecture 20 

Binding equilibria, drug binding, drug design Barrick Ch 13, pp 403–427 

Fr 15th Nov Helix-coil and polymer physics review.  
Week 12   
Tue 19th Nov 
Lecture 21 

Chemical kinetics: molecularity vs order, Poisson 
processes, competing processes, reversible 
process 
PS 9 due. PS10 set. 

E&R Ch 18.1–18.8 

Th 21st Nov 
Lecture 22 

Enzyme kinetics, catalysis, transition state theory E&R Ch 18.9–18.15 

Fr 22nd Nov Kinetics problem solving  
Week 13   
Tue 3rd Dec 
Lecture 23 

Single molecule kinetics, FRET, TIRF microscopy 
PS10 due. PS11 set (optional). 

No reading 

Th 5th Dec 
Lecture 24 

Energy Landscape and Monte Carlo simulations No reading 

Fr 6th Dec Final exam review  
Tue 10th Dec PS11 due (optional).  
Exam Period   
Th 12th Dec 
6PM–9PM 

FINAL EXAM 
 

 

 
 


