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Adsorption on heterogeneous surfaces with three basic energy distribution models (uniform model, exponential
model, and normal-like model) is studied. Exact analytical solutions of the adsorption isotherms and the heats of
adsorption are derived for the uniform and exponential models, and, with these solutions including a numerical solution
for the normal-like model, the behavior of the differential heat of adsorption and the “apparent” standard adsorption
entropy concerning the overall surface is described as a function of coverage and temperature. The approximations
underlying the isotherms and heats of adsorption in the Temkin, Freundlich, and Langmuir-Freundlich types of
adsorption are rationalized. By comparing these empirical formulas to the exact solutions, the level of these approximations
is found to be identical, which is similar to the “condensation approximation”. Their preconditions are that either the
temperature is low enough, or the surface is strongly heterogeneous. Generally, they are suitable for the middle
coverage range. The exact solutions provide a method to obtain more information on the heats, entropy, and heterogeneity
of the catalyst surface from the calorimetric measurement of the heat of adsorption.

1. Introduction
The direct description of adsorption on a heterogeneous surface
is to regard the surface as being composed of different types of
homogeneous sites with a certain normalized distribution function
of energy, assuming that there is no interaction between the
adsorbates on the different types of adsorption sites and that
there is no transformation of adsorption sites during adsorption.
With a stable differential distribution f() of the number of
adsorption sites corresponding to adsorption energy ,
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the overall coverage is given by
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where θ() is the equilibrium coverage on energetically homogeneous sites with adsorption energy , Θ is the averaged
equilibrium coverage on energetically heterogeneous sites, and
Ω is the domain of . The associative adsorption on local sites
with identical energy is of the Langmuir type:

θ)

Kp
1 + Kp

(3)

where K is the Langmuir coefficient. So the key problem is to
solve the integral eq 2 with different f() and the kernel of eq
3,1,2 especially to obtain the empirical isotherms dealing with
chemisorption on a heterogeneous surface. There are two
directions relating these isotherms to energy distributions: either
to obtain an exact solution from a simple f(), or to derive an
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(2) Cerofolini G. F.; Rudziñski W. In Equilibrium and Dynamics of Gas
Adsorption on Heterogeneous Solid Surfaces; Rudziñski, W., Steele, W. A.,
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