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A profound microkinetic analysis of the influence of re-adsorption and of surface energetic heterogeneity on
temperature-programmed desorption (TPD) experiments is performed on the basis of the Wigner-Polanyi
equation. Exact solutions for TPD experiments under both re-adsorption-free and re-adsorption-dominated
conditions from energetically homogeneous surfaces are presented. TPD experiments from energetically
heterogeneous surfaces with uniform energy distribution are analyzed considering the surface diffusion of
adsorbates. Convenient mathematical approaches are derived to evaluate the TPD profiles for first-order and
second-order desorption. It is shown that, when the heterogeneity is strong and the coverage is not close to
0 or 1, the slope in the plot of ln(Tp/â) versus 1/(RTp) yields the differential heat of adsorption for freely
occurring re-adsorption atΘ ) Θp. In the absence of re-adsorption, the differential desorption energy atΘ
) Θp can be derived from the slope. Two case studies show that the thermodynamic parameters, especially
the surface energy distribution, can be obtained successfully from TPD experiments based on the derived
methods.

1. Introduction

Temperature-programmed desorption (TPD) is a widely used
method to study the interaction between adsorbates and adsor-
bents.1 Many of the analyses in the literature deal with the
condition that re-adsorption is absent, which is suitable for
single-crystal surfaces in an ultrahigh vacuum (UHV) setup.
An extensive quantitative analysis of such UHV data was
established by Weinberg and co-workers.2,3

For porous catalyst samples, the situation is more complicated
concerning two issues: first, re-adsorption is usually non-
negligible, no matter whether in a flow setup or in a vacuum
setup;4-7 second, the adsorption sites generally have a broad
energy distribution. Here, the energetic heterogeneity on the
surface does not only refer to the change of desorption barriers
with increasing coverage due to the lateral interaction between
the adsorbates,1,8 which exists on both crystallographic planes
and polycrystalline powder, but also refers to the energetic
heterogeneity prior to adsorption. Such heterogeneity has been
analyzed by the line-shape method,9-11 and a coverage depend-
ent desorption energy can be derived from TPD spectra.12

Corresponding to the method to study thermodynamics on an
energetically heterogeneous surface,13 a thorough method to
approach the kinetics on a heterogeneous surface is based on
the integral of kinetics on local sites. Rudzinski et al.14 recently
studied the TPD from heterogeneous surfaces in this way. How-
ever, they applied statistical rate theory, which is not common
in the kinetic study of catalytic processes. Seebauer15 also stud-
ied the extraction of the energy distribution and the pre-expo-
nential factor of desorption from TPD spectra; however, in this
study, re-adsorption was not considered, and an approximation
similar to the “condensation approximation’’ (CA) was applied.

In this contribution, we first consider the effect of re-ad-
sorption on an energetically homogeneous surface, based on the

rigorous mathematical treatment of the Wigner-Polanyi equa-
tion. Then, the TPD from a heterogeneous surface is analyzed.
The effects of re-adsorption and surface diffusion are taken into
account. The uniform energy distribution, from which the
Temkin isotherm is derived, is applied here, because it is usually
quite efficient to describe polycrystalline catalyst surfaces.13

The TPD profile may depend on both adsorption/desorption
and mass transfer. The effects of the latter have widely been dis-
cussed. Gorte16 pointed out that it is difficult or sometimes im-
possible to derive adsorption enthalpies or desorption activation
energies from TPD experiments because of the demanding math-
ematical analysis of the desorption process including the trans-
port processes and re-adsorption phenomena occurring simultane-
ously. Some assumptions typically used to analyze the data from
porous catalysts were found to be often wrong.17 Demmin and
Gorte18 provided reliable criteria for negligible convective and
diffusive lags, negligible gradients, and the CSTR assumption.
Hinrichsen et al.19,20studied TPD processes with both the PFR
and the CSTR models, and they found that there are just minor
differences in peak positions between these two models under
typical experimental conditions. Kanervo et al.21 recently derived
a criterion for negligible intraparticle diffusion limitations.

These studies showed that the mass transfer effects can be
avoided under a broad range of experimental conditions and
emphasized the relative significance of the adsorption/desorption
kinetics over mass transfer in the explanation of TPD spectra.
This is why the kinetic results derived in the theoretical part of
this contribution for a CSTR can be directly applied under most
experimental conditions. In the case studies of this contribution,
we additionally examined the effect of external and internal mass
transfer by including the corresponding terms in the continuity
equation for the sake of completeness.

2. Effect of Re-adsorption on TPD from an Energetically
Homogeneous Surface

For the TPD from an energetically homogeneous surface with
a heating rampâ
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