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D uring a typical undergraduate chemical engineering 
curriculum, a student is normally exposed to ther­
modynamics in a wide range of courses. Sure, stu­

dents may take one, two, or even three classes with the word 
"thermodynamics" in the course title, but this topic shows up 
in classes from the first semester of the freshman year (Gen­
eral Chemistry) to the last semester of the senior year (Pro­
cess Dynamics and Control) - and many places in between. 

Such ubiquity of coverage at the undergraduate level cre­
ates a challenge for a graduate program trying to design a 
single "advanced" chemical thermodynamics course. Does 
one cover the undergraduate material, but now in more depth? 
Does one focus on more research-related topics involving 
statistical thermodynamics? Where does molecular simula­
tion come in , if at all? No wonder Prof. Stanley Sandler com­
mented recently that, "The graduate thermodynamics course 
in different schools is probably the least defined and most 
heterogeneous course in the graduate program."l 'l 

In order to aid in the analysis of the questions posed above, 
we thought it would be a reasonable first step to actually de­
termine what is being taught in thermodynamics at graduate 
programs in chemical engineering across the United States. 
Motivated by a special session on "Teaching Thermodynam­
ics and Statistical Mechanics at the Graduate Level," orga­
nized at the 2004 AIChE Annual Meeting by Area la, we 
conducted a survey to glean information about the con­
tents of the graduate-level thermodynamics course taught 
in the United States. 

Such attempts to determine what colleagues are doing at 
their institutions and in their courses are not new and, in fact , 
are part of the reason why academics read and/or contribute 
to journals such as Chemical Engineering Education. Nor­
mally, however, a submission would discuss a particular con-
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cept performed by an instructor (a problem or an experi­
ment).121 Larger-scale studies, such as exploring the chemical 
engineering curriculum in terms of semester hours, are less 
frequent .l31 

Even rarer are those studies which look at a particular course 
or a particular concept as viewed not from the perspective of 
a single department, but from that of the country as a whole. 
An example of such a study is from Donald Woods and Darsh 
Wasan a decade ago on colloid and surface phenomena.141 

SURVEY GOALS 
The survey goals were as follows: 

1. Determine if advanced chemical thermodynamics is a 
core course in. chemical engineering graduate programs 
and, if so, if more than. one course in thermodynamics is 
included in the core. 

San jay K. Dube received his 8 . E. (Bachelor 
of Engineering) degree from the University 
of Mumbai in June 2001 and will receive his 
M.S. degree from Tennessee Technological 
University in August 2005. He is currently 
working as a process engineer at Alstom 
Power Environmental Control Systems. His 
research interests were in computational ther­
modynamics, particularly in the development 
of phase equilibrium calculation methods. 

Donald P. Visco, Jr., is an associate profes­
sor of chemical engineering and undergradu­
ate program coordinator at Tennessee Tech­
nological University. He received his Ph.D. in 
1999 from the University at Buffalo, SUNY. 
His research focuses on molecular design for 
the chemical-process and pharmaceutical in­
dustries. 

© Copyright ChE Division of ASEE 2005 

Chemical Engineering Educa1ion 



C 
2. Determine which textbooks are used in the core 

advanced chemical thermodynamics course. 

3. Determine whether statistical mechanics and/or 
molecular simulation are taught in the advanced 
chemical thermodynamics course. 

4 . Determine what other thermodynamics-related courses 
exist as graduate electives. 

The first goal assesses whether thermodynamics is a core 
subject for all graduate programs in chemical engineering. 
While intuitively one may guess that all programs contain 
thermodynamics, such a question endeavors to validate this 
widely held assumption. The second goal is important be­
cause selecting a textbook for a particular course can be con­
sidered the point at which a faculty member (or department, 
in general) chooses the content for that course. After all , stu­
dents are expected to purchase the book and, thus, its selec­
tion indicates at some level that the book coverage maps onto 
the expected course content. The third goal looks at some 
important content contained within the advanced chemical 
thermodynamics class. The fourth goal looks to explore the 
type of specialty courses being offered at graduate programs 
across the United States. Note in all references to the United 
States, we implicitly include Puerto Rico as well. 

SURVEY RESULTS 
We sent our survey to more than 140 chemical engineering 

graduate programs in the United States. Not every school re­
sponded to the survey, even though much prompting was pro­
vided via e-mail and phone calls. The following results were 
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obtained and will be discussed with regard to the survey goals. 
Note that there is likely some error in all of these results ow­
ing to the knowledge (or lack thereof) of the person complet­
ing the survey at a particular institution. For example, it was 
not unusual to receive a survey response that li sted a par­
ticular tex tbook as being required , yet on the actual sy lla­
bus of the course a di fferent textbook was listed as required. 
Accordingly, while quantitative results will be presented here, 
qualitative conclusions (where applicable) should be drawn. 

l. Determine if advanced chemical thermodynamics is a 
core course in chemical engineering graduate programs 
and, if so, if more than one course in thermodynamics is 
included in the core. 

Of the 135 program respondents to this part of the ques­
tion, 122 schools ( or 90%) acknowledged that thermodynam­
ics is a core graduate class in their curriculum. Additionally, 
two schools listed two thermodynamics classes as part of the 
core graduate curriculum. Thus, the generally held notion 
that almost all chemical engineering graduate programs 
have thermodynamics in their core is validated by the re­
sults of thi s survey. 

2. Which textbooks are used in the core advanced chemical 
thermodynamics course? 

From the 122 schools that offered graduate thermodynamics 
as part of the core, 143 textbooks (total) were identified as 
required. The most popular textbook chosen was the J.M. 
Prausnitz, R.N. Lichtenthaler, and E.G. de Azevedo of­
fering , Molecular Thermodynamics and Fluid-Phase 

Prausnitz , Lichtentha le r and de 
____ Azevedo, Molecular Thermodynamics of 

Fluid Phase Equilibria(S] 

30% 

Tester and Mode II , Thermodynamics 
and Its Applications (61 

22% 

Equilibria, 151 which 
appears as required in 
nearly one-third of all 
graduate programs. 
Th e other common 
offering, in nearly a 
quarter of all graduate 
programs, is Thermo­
dynamics and Its Ap­
plications , by J.W. 
Tester and M. Modell. l6l 

Chandler , Introduction to Modem 
Statistical Mechanics (9] 

4% 

Smith , Van Ness and Abbott, 
Introduction to Chemical Engineering 

Thermodynamics [ 71 

In total, 29 unique text­
books in thermody­
namics were identi­
fied across the 122 
schools. A graphical 
representation of the 
most popular text­
books for graduate­
level thermodynam­
ics is provided in Fig­
ure 1. Note that Table 

Sandler, Chemical and Engineering 
Thermodynamics (8] 

5% 

7% 

Figure 1. The distribution of required textbooks in the advanced chemical thermodynamics 
course. The numbers are for 143 textbooks based on 122 schools. Percentages are rounded off. 
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Of the 135 program 
respondents ... 122 
schools ( or 90%) ac­
knowledged that thermo­
dynamics is a core 
graduate class in their 
curriculum. 

1 provides details on the "Others" 
heading from Figure 1. 

3. Are statistical mechanics and/ 
or molecular simulation taught 
in the advanced chemical 
thermodynamics course? 

Of the 106 syllabi we received, 64 
( or 60%) had some statistical mechan­
ics while 22 covered molecular simu­
lation in some form. Of the 42 schools 
that did not have statistical mechan­
ics in their core advanced chemical 
thermodynamics course, at least 15 of 
them had an elective with a title that 
contained statistical mechanics. Thus, 
at 75 % (or more) of the graduate pro­
grams surveyed, students can take a 
course in statistical mechanics at 
the graduate level within chemical 
engineering. 

4. Determine what other 
thermodynamics-related 
courses exist as graduate 
electives. 

To give a flavor for the type of op­
portunities available to graduate stu­
dents in chemical engineering pro­
grams across the United States, Table 
2 provides a sample of some elective 
graduate courses that have a relation­
ship to thermodynamics. Clearly, a 
wide variety of electives in this area 
is offered throughout a wide range 
of institutions. 

DISCUSSION 

Among the results presented 
above, one of the most interesting 
findings was the distribution of re-
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quired textbooks used in the advanced chemical thermodynamics course. The 
most popular text, Molecular Thermodynamics of Fluid Phase Equilibria,l51 

is true to its statement in the book 's preface about being, "suitable as a text 
for students who have completed a first course in chemical engineering ther­
modynamics ." 

In fact, the first and second laws of thermodynamics are lumped together quite 
early in the text (page 11 of the Third Edition), and are used to provide the basis 
for reversible paths and fundamental grouping of variables. By contrast, the sec­
ond most popular text, Thermodynamics and Its Applications,l61 has one chapter 
devoted to the first law of thermodynamics and another chapter devoted to the 
second law of thermodynamics. 

In particular, regarding Thermodynamics and Its Applications,161 of the 25 schools 
for which we have syllabi that use this textbook as required in the class , all but one 
cover the first and second laws of thermodynamics. By contrast, for Molecular 
Thermodynamics of Fluid Phase Equilibria,l51 of the 38 schools for which we have 
a syllabus that use this textbook as required in the class, only 19 cover the first law 
of thermodynamics while 21 cover the second law of thermodynamics. Note that 
in the latter case, other books have been employed to review/supplement informa-

TABLE 1 
The Required Textbooks Listed in the "Others" Heading From Figure 1. 

Frequency of use based on the number of schools listing the textbook as required. 
Author, Text Frequency 

de Pablo and Schieber, Chemical, Biological, and Materials Eng. Thermodynamid 151 

McQuarrie, Statistical Mechanics''6' 

McQuarrie and Simon, Molecular Thermodynamicsr171 

O'Connell and Haile, Thermodynamics: Fundamentals and Its Applications1181 

Balzhiser, Samuels, and Eliassen, Chemical Engineering Thermodynamics 1191 

Bromberg and Dill , Molecular Driving Forcesl201 

Firoozabadi, Thermodynamics of Hydrocarbon Reservoirsl211 

Guggenheim, Thermodynamics1 221 

Gyftopoulos and Beretta, Thermodynamics, Foundations and Applications1231 

McGee, Molecular Engineering1241 

Nash, Elements of Statistical Thermodynamics'251 

Poling, Prausnitz, and O 'Connell , Properties of Gases and Liquids'261 

Reed and Gubbins, Applied Statistical Mechanics1211 

Reif, Fundamentals of Statistical and Thermal Physicsl281 

Saad, Thermodynamics1 291 

Tisza, Generalized Thermodynamics1301 

Van Ness and Abbott, Classical Thermodynamics of Non-Electrolyte Solutions13 '1 

Walas, Phase Equilibria in Chemical Engineering'321 

Zemansky and Dittman, Heat and Thermodynamicsl331 

2 

2 

2 

2 

I 

1 

1 

I 

1 

I 

1 

1 

1 

1 

I 

I 

l 

1 

1 
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tion about the laws of thermodynamics. Hence, this provides some of the 
reason why the book from J.M. Smith, H.C. Van Ness, and M.M. Abbott 
(Introduction to Chemical Engineering Thermodynamics)171 was the third 
most popular required textbook for the advanced chemical thermody­
namics class (see Figure I). 

If one examines all 106 syllabi for the inclusion of the first and second 
laws of thermodynamics into the course, one finds that 68 (64%) have 
included the first law while 73 (69%) have included the second law. Note 
that the higher-level inclusion of the second law relati ve to the first law 
seems to come from a common discussion of the statistical interpreta­
tion of entropy. Also note that while performing this survey, someone 
asked if we were going to recommend content for the advanced chemi­
cal engineering thermodynamics course based on the results of this study. 

Since the individual constituencies, be they students, faculty, local in­
dustry, and so forth , should drive content inclusion at some level, a "one 

TAB LE2 
Elective Courses in Thermodynamics Offered at the Graduate Level 

at a Variety of ChE Departments Across the United States. 

Elective Course University 

Polymer Thermodynamics ........ .... .... .......................... Auburn 

Physical Chemistry of Colloids and Surfaces ............. Carnegie Mellon 

Thermodynamics of Systems of Large Molecules ..... Georgia Tech 

Multiscale Modeling of Fluids/Soft Matter ................ North Carolina State 

Interfacial Phenomena .. .. .... .. ........ .... .. .... .. ... ............... Rice 

Phase Equilibri um/Staged Operations ............ ............ University at Buffalo, SUNY 

Thermodynamics of Mixture ................................. ..... Texas A&M 

Advanced Thermodynamics of Solids ...... .................. California-Davis 

Molecular Thermodynamics of Complex Fluids ........ California-Riverside 

Pharmaceutical Biotechnology .... ..... ... .. ... .................. Colorado 

Thermodynamics of Materials ...... .... ......... ... .... .......... Connecticut 

Thermodynamics of Polymers .............. ..... ... .. ....... ..... Iowa 

Interfacial Thermodynamics ...................... ... .............. Yale 

Mesoscopic/Nanoscale Thermodynamics .... ............... Maryland 

Quantum and Computational Chemistry .................... North Dakota 

Thermodynamic Property Estimation ....... .. .. ....... ....... South Alabama 

Statistical Mechanics of Polymers ....... .. ..................... Texas-Austin 

Thermodynamics of Semi-Conductors/Materials .. ..... Toledo 

Thermodynamics of Mixtures ....... ........... ... ..... .. ......... Wisconsin 

Microscopic Thermodynamics ................ ... .. .. ............ Washington State 

Nonequilibrium Statistical Mechanics ........... .. ......... .. California-Santa Barbara 

Thermodynamics of Solids ...................................... .. . Dayton 

Thermodynamics of Multi-Component Mix tures .... ... Illinois-Chicago 

Phase Equilibria Thermodynamics .................... .. ....... Tulsa 

Thermodynamics of Materials .................................... Alabama-Huntsville 

Molecular Thermodynamics .............. ........................ . Tennessee Tech 

Nonequilibrium Thermodynamics ....... .. .... ... .. ............ Louisville 

Surfactant Self-Assembly ........... .. ....... ... ....... ............. Penn State 
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With regard to statistical 
mechanics, it is unclear why some 

schools choose to add this topic 
into their advanced chemical 

thermodynamics classes while 
others do not. Is this a needs-based 

decision or is it based on the 
background of the faculty? 

size fits all" approach is likely not warranted. Be 
that as it may, it would be instructive to provide 
some details on what faculty across the United 
States are including, in general , in this course. To 
provide some insights, we have reviewed the syl­
labi for courses that use the two most popular text­
books, Molecular Thermodynamics of Fluid 
Phase Equilibrial51 and Thermodynamics and Its 
Applications,161 to determine what content is nor­
mally included when using these required texts. 
As can be seen from Table 3, the first six chapters 
plus chapter 10 of Molecular Thermodynamics 
of Fluid Phase Equilibria'51 are what is most com-

TAB LE3 
The Chapter Titles From 

Molecular Thermodynamics of Fluid-Phase Equilibria.'51 

Chapters that occurred most frequently from an 
analysis of the course syllabi are given in ital ics . 

Chapter Title Frequency 

I The Phase Equilibrium Problem High 

2 Classical Thermodynamics High 
of Fluid Phase Equilibria -- -

3 Thermodynamic Properties High 
from Volumetric Data 

-- -
4 Intermolecular Forces, High 

Corresponding States and 
Osmotic Systems 

-- -
5 F11gacities in Gas Mixtures High 

- -
6 Fugacities in Liquid Mixtures: High 

Excess Functions 

7 Fugacities in Liqu id Mixtures: Medium 
Models and Theories of Solutions 

8 Polymers: Solutions, Blends, Low 
Membranes, Gels 

- - ~ 

9 Electrolyte Solutions Low 
- -

10 Solubilities of Gases in Liquids High 

II Solubilities of Solids in Liquids Medium 

12 High-Pressure Phase Equilibria Medium 
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mon among the institutions that use this textbook as re­
quired. For Thermodynamics and Its Applications,£61 the 
first nine chapters plus chapters 15 and I 6 are the normal 
coverage when using this textbook, as seen in Table 4 . 

With regard to statistical mechanics, it is unclear why some 
schools choose to add this topic into their advanced chemical 
thermodynamics classes while others do not. Is this a needs­
based decision or is it based on the background of the fac­
ulty? In order to explore this issue, we looked at three factors 
which may provide some insights in order to aid in answer­
ing this question: (1) school ranking, (2) more available fac­
ulty, and (3) more graduate students. 

In its simplest form, the argument goes that the better a 
school's ranking, the more advanced projects (seemingly) the 
faculty can offer and, in turn, the students will work on. Since 
statistical mechanics is normally associated with advanced 
topics in thermodynamics, one might conclude that the higher­
ranked schools would offer statistical mechanics inside their 
core advanced chemical thermodynamics course at a greater 
rate than the average reported. Of the eight top-10 schoolsr34J 

for which we have syllabi, seven of them (or 88%) have sta­
tistical mechanics in the core advanced chemical thermody­
namics course. If we expand our 
search to the top-58 programs 
listed, 34 of the 49 syllabi we 

) 
available at these institutions. 

A third area we investigated was the number of Ph.D. and 
M.S. graduates at institutions which had statistical mechan­
ics in the core advanced chemical thermodynamics class. 
While the average number, like before, was 60% overall, we 
found that 70% of all Ph.D. students who graduated during 
2002-2003[351 came from institutions that offered statistical 
mechanics in the core advanced chemical thermodynamics 
course. For M.S. graduates during this same time period, the 
number was 64%. It appears from this data that the larger the 
graduate student population in chemical engineering at an in­
stitution, especially for the Ph.D. , the more likely it is that a 
student will be exposed to statistical mechanics in the core at 
that institution. 

While the above question focused on statistical mechan­
ics, a similar question can be asked about the study of elec­
trolytes. We investigated this and found that only 18 syl­
labi (17 %) made mention of the study of electrolytes dur­
ing the semester. Considering that very little, if any, is 
done with electrolytes during the undergraduate curricu­
lum for chemical engineers, the ultimate conclusion is that 
most chemical engineering graduates at all levels are not 

TABLE4 
examined (or 70%) have sta­
tistical mechanics in the core ad­
vanced chemical thermody­
namics course. Since the over­
all average for all schools re­
ported in this study was 60%, 
these results indicate that the 
distribution of schools adding 
statistical mechanics to this 
core advanced chemical ther­
modynamics course is biased 
toward the higher-ranked 
schools. 

The Chapter Titles From Thermodynamics and Its Applicationsl61 

In a similar manner, we ana­
lyzed all available faculty in de­
partments that provided syllabi to 
the core advanced chemical ther­
modynamics course. Of the 60% 
of the schools that offered statis­
tical mechanics in the advanc­
ed chemical thermodynamics 
course, 64% of the faculty were 
from those schoolsJ351 Thus, per­
haps another reason, albeit 
smaller, is that more faculty are 
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The chapters that occurred most frequently from an analysis of the course syllabi are given in italics. 

Chapter Title 

_ 1 __ -+-__ T_h_e_Scope of Classical Thermodynamics 

Basic Concepts and Definitions 

Energy and the First Law 

4 Reversibility and the Second Law 1-----1----5 The Calculus of Thermodynamics 

6 Equilibrium Criteria 

7 Stability Criteria 

Frequency 

High 

High 

High 

High 

High ---, 
High ---
High ---

8 

9 

- -+--P_r...;operties of Pure M_ a_t_er_i_al_s _____________ - 1,._ High 

Property Relationships for Mixtures High 
1----

IO Statistical Mechanical Approach for Property Models M e di um 

11 Models for Non-Ideal, Non-Electrolyte Solutions 1-----1-~-- Medium 

12 Models for Electrolyte Solutions Low 

13 Estimating Physical Properties Medium ----
14 Practical Heat Engines and Power Cycles Medium 

_ __ 1s __ -l ___ P_ h_a_s_e_E.,.q~u1_·1z_·brium and Stab1_·u __ ry ___________ ~ 
1 

___ High 

16 Chemical Equilibria High 

17 Generalized Treatment of Phase and Chemical Equilibria Low 

18 Systems under Stress, in Electromagnetic or Potential Fields Low 

19 Thennodynamics of Surfaces Low 
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very knowledgeable about electrolyte systems. Such a sen­
timent has been echoed for several years by many in indus­
try, most notably Paul Mathias_l361 

11. Denbigh, K. , Principles ofChe111ical Equilibriu111, 3rd Ed., Cambridge 
Universi ty, Cambridge ( 197 I ) 

12. Elliott, J.R., and C.T. Lira, lntroducrory Chemical Engineering Ther­
modynamics, l st Ed., Prentice Hall , Upper Saddle River, NJ (1999) 

CONCLUSIONS 
13. Rowley, R.L. , Statistical Mechanics for Thermophysical Property Cal­

rnlario11s, 1st Ed. , Prentice Hall ( 1994) 

In thi s work we gathered data from more than 100 institu­
tions across the United States that teach 
chemical engineering at the graduate 
level. Our findings indicate that almost 
all of these institutions require their 
graduate students to take a course in 
thermodynamics as part of the core 
graduate curriculum. Additionally, we 
found that there is a wide variety of text­
books used in this course, with two texts 
being used more than 50% of the time. 
We also compiled information from the 
syllabi in which these two texts were 
used to generate a list of the most popu­
lar topics. Our analysis also showed that 
students, whether as part of the core cur­
riculum or during an elective, have ex­
posure to statistical mechanics in at least 
75% of the institutions surveyed. 

"The graduate 
thermodynamics 

course in different 
schools is 

probably the least 
defined and most 

heterogeneous 
course in the 

graduate 
program." 

14. Callen, H.B., Thermodynamics and an 

15. 

16. 

17. 

18. 

19. 

20. 

2 1. 

22. 

Introduction to Ther111ostatistics, 2nd Ed., 
Wiley, ew York (1985) 

de Pablo, J.J., and J.D. Schieber, Chemi­
cal , Biological , and Materials Engineer­
ing Ther111ody11a111ics 

McQuarrie, D.A., Statistical Mechanics, 
Harper & Row, New York ( 1976) 

McQuarrie, D.A., and J.D. Simon, Mo­
lecular Thermodynamics , l st Ed. , Univer­
sit y Science Books (1999) 

O 'Connell, J.P. , and J.M. Haile, Thermo­
dyna111ics: Fundamemalsfor Applications, 
I st Ed., Cambridge Uni versity Press , 
(2005) 

Balzhiser, R.E., M. Samuel s, and J. 
Eliassen, Chemical Engineering Thermo­
dynamics, 1st Ed. , Prentice HaLI , (1972) 

Bromberg, S. , and K.A. Dill , Molecular 
Driving Forces, l st Ed., Garland Publish­
ing (2002) 

Firoozabadi , A. , Thermodynamics of Hy­
drocarbon Reserves, 1st Ed., McGraw­
Hill ( 1999) 

We also looked to explore the poten­
tial reasons behind why some institu­
tions offer statistical mechanics while 
others do not. Finally, we found that less 
than one in five of the institutions sur­
veyed include any discussion on the ther­
modynamics of electrolytic systems. 

- Prof. Stanley Sandler 
Chemical and Engineer­

ing Thermodynamics , 
4th Ed. 

23. 

24. 

Guggenheim, E.A. , Thermody11a111ics, 4th 
Ed., Interscience Publishers (1959) 

Gyftopoulos , E.P., and G.P. Beretta, Ther­
modynamics: Foundations and Applica­
tio11s , 1st Ed., MacMillan (1991) 

McGee, H.A. , Molecular Engineering, 1st 
Ed. , McGraw-Hill (1997) 

Nash, L.K. , Elements of Statistical Ther­
modynamics, 2nd Ed., Addison-Wesley 
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