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DURING THE PAST several years at Berkeley, 
a course involving primarily the physical 

chemistry of chemical kinetics has been taught 
mostly to first year graduate students. This course 
is markedly different from standard courses in 
reactor design and reactor engineering in that it 
stresses entirely the physical chemistry involved 
in understanding and correlating kinetic phenom­
ena. As such it provides an opportunity to fill in 
some of the gaps commonly occurring in current 
undergraduate physical chemistry curricula which 
have in recent years stressed quantum mechanical 
description of small molecules, their spectroscopy 
and other theoretical aspects of physical chemis­
try. 

The course also provides what for many stu­
dents is a first introduction to the usefulness of 
statistical thermodynamics and statistical argu­
ments in relating the properties of molecules and 
atoms to their behavior in macroscopic systems. 
Several attempts are made to illustrate the prac­
tice of molecular engineering in its broadest sense 
by demonstrating how the structure and composi­
tion of isolated molecules can be used with semi­
quantitative theory and empirical correlations to 
predict and understand the kinetics of extremely 
complex chemical systems. In doing this only the 
canonical partition function is presented and com­
plex interactions are related to activity coeffi­
cients, volumes of activation, and the like which 
can be deduced in general from well designed ex­
periments. 

There are several other courses within the Col­
lege of Chemistry at Berkeley which relate to this 
one. In our Department four other courses are 
closely related : Chemical Reaction Analysis, Cata­
lysis, Mass Transfer and Chemical Kinetics, and 
Chemical Reactor Engineering. Each of these 
courses like Applied Chemical Kinetics is a one­
quarter course and scheduling and sequencing is 
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such that a student can deepen and broaden a 
specialized interest in chemical kinetics by taking 
one or more of these subsequent courses. 

In the Department of Chemistry there are two 
courses of interest, one is a two quarter sequence 
in chemical kinetics which overlaps somewhat 
with the applied course with respect to the devol­
opment of fundamental transition state theory but 
diverges in that no mention is made of non-ideal 
systems and complex environments, high pressure 
kinetics and the like. Rather, it concentrates more 
on quantum mechanical scattering theory than 
traditional chemical kinetics. Nevertheless some 
of our students use this to deepen their study 
of theoretical kinetics substantially. The second 
course in the Department of Chemistry which ties 
in with the Applied Chemical Kinetics and Cata­
lysis courses, is one on the Properties of Solid 
Surfaces. It takes as its departure from the in­
formation that is increasingly available from the 
new and sophisticated techniques of surface re­
search like low energy electron diffraction, Auger 
spectroscopy, appearance potential spectroscopy, 
photo-electron spectroscopy, etc. 

In the Department of Materials Science a 
quarter course offering in the physics of par­
ticulate systems including flow through micropor­
ous media, flotation, and the like as well as a 
quarter course in applied colloid surface chemistry 
are also available. 

This grouping of courses then forms the basis 
of our offerings at Berkeley in chemical kinetics, 
chemical reactors, catalysis and related surface 
phenomena. It does present an opportunity to 
sample a wide and varied approach to understand­
ing and describing this important area of applied 
physical chemistry. While the course in Applied 
Chemical Kinetics is not a necessary prerequisite 
for any of these courses except the course in cata-

Predictions of rates may be based on collision theory, 
vibrational analysis of unimolecular reactions, 

and transition state theory. 
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lysis, an attempt is made to provide a sound 
enough background in the theory and application 
of chemical kinetics to make this general area 
more accessible to students. 

COURSE CONTENT 

The student is introduced to the concepts of 
chemical kinetics as though he has no appreciable 
background in the subject. Thus, basic definitions 
of elementary steps, reaction mechanisms, con­
cepts of a rate determining and/ or rate limiting 
steps are discussed. The overall structure of chem­
ical kinetics is presented, recognizing that several 
different problems each of a unique character 
must be solved. A first step in understanding the 
details of any kinetic system is the identification 
of the stoichiometric reactions that are taking 
place in the complex reaction scheme. Once all the 
simple stoichiometric reactions are identified and 
recognized the problem is resolved into one of de­
scribing the details of the reaction mechanism 
with the set of elementary chemical reactions 
which combine to produce the overall reaction 
mechanism responsible for the net steady state 
behavior of each stoichiometric reaction. The sort 
of algebraic manipulation involved in this stage 
of chemical kinetics and the solution of the result­
ing sets of simultaneous differential equations are 
in general familiar to most students and only a 
few examples are given for illustrative purposes. 

The next problem attacked is that of under­
standing and predicting the rate at which the 
elementary reactions themselves take place. In 
this part of the course several different ap­
proaches to the theoretical description of chemical 
kinetics are given in some detail. The first of three 
is collision theory followed by a vibrational analy­
sis of unimolecular reactions, and finally the pres­
entation of transition state theory. These subjects 
comprise about the first one-half of the course and 
complete the theoretical presentation of funda­
mental chemical kinetics. 

The remaining portion of the course is devoted 
to a description of various types of technologically 
important types of situations in which an under ­
standing of chemical kinetics and in some cases 
the coupling of chemical kinetics with certain 
transport processes is essential. The first such 
area covered is chemical kinetics in non-ideal en­
vironments beginning with the very high pres­
sures moving from there to kinetics in non-polar 
and polar solvents and ending up with discussions 
of chemical kinetics in highly ionic media. The 
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nature of free radical sequences is discussed in 
some detail and is illustrated with polymerization 
kinetics and a discussion of chemical explosions. 
A careful distinction is drawn between the initia­
tion of free radical reactions and homogeneous 
catalysis in the gas phase. 

In the last portion of the course the kinetics 
and thermodynamics of adsorption is presented as 
a basis for a discussion of generalized catalytic 
phenomena. Here Langmuir-Hinshelwood kinetics 
are presented and stressed, however, care is taken 
to point out the limitations imposed by the as­
sumptions inherent in the Langmuir theory and 
illustrations of the use of other types of isotherms 
and non-equilibrium steady state descriptions of 
the concentrations of adsorbed species are also 
presented. A very brief discussion of the coupling 
of mass transfer and reaction kinetics is presented 
for completeness but the subject is discussed in 
much greater detail in the course in Chemical Re­
action Analysis which most of the students will 
also take. 

The syllabus used during the last time this 
course was given follows: 

A. Theoretical Aspects of Chemical Kinetics (12 Lec­
tures ) 

1. Introduction and Review of Basic Concepts 
and Objectives of the Study of Chemical 
Kinetics 

2. Collision Theory 
3. Unimolecular Reactions 
4. Elements of Statistical Mechanics 
5. Potential Energy Surfaces 
6. The Generalized Rate Equation 
7. Transition State Theory 
8. Correlations in Chemical Kinetics 

B. Homogeneous Systems (10 Lectures) 
1. Free Radical Mechanisms 
2. Explosions 
3. Polymerization 
4. Reactions at High Pressures 
5. Rates on Condensed Media-Solvent Effects 
6. Rates in Aqueous Media 
7. Ionic Reactions 
8. Homogeneous Catalysis 

C. Heterogeneous Systems (8 Lectures) 
1. Adsorption-Heterogeneous Kinetics 
2. Langmuir-Hinshelwood Mechanisms 
3. Mass Transfer in Porous Catalysts 
4. Ammonia Synthesis 
5. Hydrogenation Catalysis 

EMPHASIS ON TRANSITION STATE THEORY 

A great deal of time in the course is spent on 
a generalized development of transition state 
theory. In this presentation it is recognized that 
the description of chemical kinetic phenomena of 
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elementary reactions involves solution of two im­
portant problems. The first problem is a descrip­
tion of the potential energy of interaction between 
interacting particles, a problem which in general 
is not yet solved on a theoretical basis for any but 
the very simplest of systems. The second problem 
is that of describing the trajectory of reacting 
systems across the phase space defined by the po­
tential energy surface representing the interaction 
of the reacting particles. Transition state theory 
is presented as a crude compromise at a complete 
solution to these important problems. 

The development stresses, that the only in­
formation about the potential energy surface re­
quired for the application of transition state 
theory is a knowledge of the shape of the potential 
well in the neighborhood of the reactants and in 
the neighborhood of the transition state. It is 
further emphasized that this theory assumes equi­
librium distribution functions and therefore rep­
resents only the maximum possible rate of chem­
ical reaction since the local distributions that 
would be deduced from the solution of the Boltz­
man transport equation would certainly be lower 
than the equilibrium concentrations because of the 
finite rate of systems passing through the transi­
tion state region. 

It is not necessary to assume the traditional 
flat top barriers or negative vibrational frequen­
cies. Rather the form of the transition state rate 
equation can be derived by a limiting process 
which expands the potential energy in the vicinity 
of the saddle point in a Taylor series and takes 
only the first term in integrating the potential 
energy portion of the canonical partition function 
along the direction parallel to the reaction co­
ordinate. Thus, it becomes clear that the so-called 
universal Eyring frequency, (kT / h), is merely a 
product of this partition function for the transi­
tion state in the direction of the reaction coordi­
nate and the average velocity of systems passing 
through the transition state region. 

A development such as this clearly identifies 
the nature of the assumptions and outlines the 
type of detailed information that would be re­
quired about reacting systems in order to do a sub­
stantially better job of representing the kinetic 
phenomena. It also emphasises that the trans­
mission coefficient, often used as a black box to 
include a multitude of uncertainties in the theory, 
should be taken as a unity except in certain ex­
ceptional and recognizable situations. It is also 
possible to identify the certain types of reaction 
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systems in which transition state theory can be 
expected to fail, for example, those in which the 
overall activation energy is of the same order of 
magnitude as the zero point and thermal energy, 
of the reactant species. , · ' 

Emphasis on transistion state theory contributes to 
the student's intellectual and philosophical 

background and to his arsenal of tools . 

FINALLY THIS DEVELOPMENT permits the 
explicit introduction of the effect of non-ideal 

environments into the basic kinetic equation. This 
comes about through configurational integrals 
whose nature is identical to those appearing in 
thermodynamic descriptions of non-ideal systems. 
Thus these configurational integrals can be clearly 
identified. with the familiar activity coefficients 
which can be derived in the usual way from em­
pirical vapor pressure equilibrium and solubility 
data. 

Thus the transition state theory presented in 
this manner provides a suitable theoretical frame­
work on which to base the description of environ­
ments far too complex for any kind of a funda­
mental theoretical approach. It can be used in 
conjunction with selected empirical equilibrium 
data to describe the sort of systems which are of 
necessity essential to the practice of chemical en­
gineering. 

Early experience with this course indicated 
that students, particularly chemical engineering 
students, gained very little insight from an intel­
lectual or philosophical point of view into the na­
ture of chemical kinetic phenomena unless the 
theoretical aspects of kinetics were presented in 
much more detail than one normally finds in text­
ual presentations. This seems to result in two 
important deficiencies for the student (1) a lack 
of confidence in applying the rather powerful 
techniques which form the basis of the theory and 
(2) a woeful gap in his intellectual perception of 
the basic scientific phenomena on which the prac­
tice of his profession relies. In developing the 
specific formulation that is now used in the course 
and described qualitatively above both concerns 
were equally important. Therefore this emphasis 
on transition state theory via rather simple sta­
tistical thermodynamic arguments is as much an 
attempt to contribute to the students' intellectual 
and philosophical background as it is an attempt 
to add to his arsenal of technological tools. • 
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