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Further Comments on A General Explanation for the Compensation
Effect: Reply to Galwey

I appreciate an opportunity to respond to
the comments of Galwey (I) and to clarify
my position on the general explanation for
the Compensation Effect which I recently
proposed in this Journal (2). I am convinced
that compensation is a general and may be
an expected phenomenon in kinetics. I
would recall the following characteristics.

Compensation is not unique to catalysis.
A Compensation Effect has been found for
many homogeneous as well as heteroge-
neous reactions. Leffler has reviewed over
70 reactions in organic chemistry where
compensation has been found (3). None of
these were heterogeneously catalyzed by a
surface. Explanations unique to heteroge-
neous catalysis are not applicable.

The explanation does not depend on the
method of analysis. Though statistical ther-
modynamics and transition state theory
were used to express mathematically the
relationship between activation enthalpy
and activation entropy, the explanation
does not depend on either of these models.
However, even for bond fission, the change
in transition entropy can be estimated (4),
though Galwey (I) implies that for dissocia-
tive adsorption this may be too complex.
A relationship between the energy levels
where one state changes to another and the
degeneracy of the modes of energy that can
transform within that level is independent
of the method by which it is expressed. Nor
does the explanation depend on a specific
form of statistical energy distribution (Max-
well-Boltzmann). One can use any form of
temperature-dependent distribution of en-
ergy.

The specific mechanism may not be
needed. The establishment of a proper
mechanism prior to an analysis of the ener-
getics of a transformation between one
state and another does not seem necessary.
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Indeed, if the relationship between energy
levels and their degeneracy had to wait for
the detailed proper mechanism, the applica-
tion of kinetic analysis to heterogeneous ca-
talysis would be severely constrained. If
there is no change in mechanism over the
temperature range of interest, an activation
energy, relating the temperature depen-
dence of the reaction rate, and a preex-
ponential factor (the temperature-indepen-
dent component) are meaningful. A linear
relationship between In(rate) and 1/T sug-
gests a single mechanism is in effect over
the region of interest (but not necessarily a
single rate-controlling step).

Temperature of onset of reaction. Most
studies that have been used to demonstrate
compensating behavior have involved the
intersections of straight lines on an Arrhe-
nius plot. For a common mechanistic step
to become effective within the same small
temperature interval implies that the mech-
anism is changing from below to above the
temperature interval. It would be most un-
usual that a straight line could be drawn
through the interval of interest. Some form
of discontinuity should exist, yet none is
evident in any of the studies cited (5). The
theory that a common reaction step gives
rise to the onset of reaction focuses on iso-
kinetic behavior and not a more general re-
lationship that may exist between the reac-
tion energy and entropy.

Theory of heterogeneous kinetics. I agree
with Galwey (I) that the current theory of
catalytic Kinetics needs to be reappraised.
The approach discussed in my article (2) is
a step in that direction. Reaction state
space is muitidimensional. One of the cru-
cial dimensions is the availability of energy
levels that may connect one state to an-
other. As an example, in three dimensions a
reaction profile can be expressed with inter-
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nal energy (or enthalpy) and entropy as two
of the dimensions and a reaction coordinate
(separation between thermodynamic states)
as the other. We are working on such a
model for catalytic reactions. Kinetically it
is not necessary to identify the exact nature
of each state. It may only be necessary to
establish the sequence of reactant interac-
tions to gain insight into the nature of the
reaction kinetics. This approach is particu-
larly useful in complex reactions (such as
oxyhydrochlorination (6)).

Restatement of a “General Explanation
for the Compensation Effect.” A thermody-
namic state is determined by a local mini-
mum in free energy. The state contains a
series of quantized energy levels. Within an
energy level the energy may be distributed
in a variety of modes of internal energy (vi-
brational, rotational, etc.). The levels are
degenerate and the degeneracy increases
with level. Access to higher levels depends
on temperature. For a single system an
overlap (crossover) of the higher energy
levels may exist between two states. Within
a level not all modes of energy are involved
in the overlap (certain ‘‘selection’’ rules ap-
ply). Reaction (conversion between the
states) is dictated by access to the levels
where crossover occurs (temperature de-
pendence) and the probability that the en-
ergy is in the convertible (overlapping) dis-
tribution of energy modes. In a different
system the crossover may involve lower (or
higher) energy levels. The degeneracy
(number of energetic modes of overlap)
may decrease if lower energy levels are in-
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volved. Higher levels are more closely
spaced and the individual degeneracies are
greater; the probability of crossover in-
creases with energy level. The result is a
compensation between a lowering in the
level of overlap and in the probability that
within the level the specific modes of cross-
over are involved. Thus ‘‘energetic funnel-
ing’’ could be expected.

To sum up, I agree with Galwey (I) that a
variety of phenomena may give rise to com-
pensation. The concept presented (2) de-
pends on a fundamental relationship be-
tween the energy levels of overlap between
thermodynamic states and the probability
(selection rules) of the crossover. Specific
phenomena may result in the same behav-
ior. This does not exclude the fundamental
explanations presented.

I again thank Nilesh Shah and Professor
John Ragle for their helpful discussion.
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