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Abstract 
 
The correct description of the weak interaction between small molecules and oxide surfaces is 
still a challenge for theory. In the present review, the current status of the cluster approach to 
the calculation of adsorption geometries and energies by means of quantum-chemical ab initio 
methods is discussed. In the first part, the physical and chemical contributions to the bonding 
mechanism are briefly characterized and the different clusters models currently used for 
treating molecule/surface interactions are presented: Free clusters, hydrogen saturated clusters 
and embedded clusters. We continue with a description of the possibilities and limitations of 
the most widely used electronic structure methods – density functional theory, Hartree-Fock 
approximation, and post-Hartree-Fock methods – when applied in the field of 
molecule/surface interactions. Finally, the difficulties encountered in real calculations and the 
accuracy that can be obtained are discussed for three representative examples: The 
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physisorption of CO on the inert MgO(100) surface, the weak chemisorption of NO on 
NiO(100), and the interaction between CO and the thermodynamically unstable polar surfaces 
of ZnO. 
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1. Introduction 
 
Adsorption and desorption phenomena occur frequently in all fields of our every days life as 
well as in many industrial and technical applications. This starts with simple glues and ends 
with the filters for pollutant gases in large power plants. 

Adsorption and desorption processes are also important elementary steps in the complicated 
chain of reactions that make up a typical mechanism in heterogeneous catalysis. Before the 
reaction can start at all, the reactant atoms or molecules must adsorb at the solid surface. Then 
they will diffuse along the surface, react with each other or with the surface to generate 
reaction intermediates, and eventually, in most cases after several reaction steps, the final 
products have to desorb from the surface. 

In most technical applications one is much more interested in optimizing the performance of a 
catalyst, e.g. in improving yield, turn-over-frequency, conversion rate, selectivity, long-term 
stability and so on, than in the underlying reaction mechanism itself. But if one wants to get a 
detailed understanding of how a reaction proceeds it is compulsory to obtain accurate 
information on the energetics and kinetics of the different steps involved, in particular on the 
nature of the active sites, adsorption and desorption processes, energy barriers, short-lived 
intermediates and so forth. 

One source of information for such properties are quantum-chemical calculations. During the 
last years, they have proven to be able to provide valuable and reliable data which are in many 
cases complementary to experimental data. In particular, they enable to break up a 
complicated reaction chain in small pieces and to investigate the different steps separately, 
which is much more difficult to achieve in experiment. There is good reason to believe that 
without the help of good quantum-chemical calculations the reaction mechanisms of many 
processes, even of those which are used in large scale technical applications, will never be 
understood in detail. And the hope is, of course, that in near future quantum-chemical 
calculations will help to design new and better catalysts. 

Due to its more complex nature, the theoretical treatment of heterogeneous catalysis is less far 
advanced than that of homogeneous catalysis. Most of the catalysts consist of small metal 
particles on an oxidic support or are metal oxides, in the majority of cases not even simple 
one-component oxides. It is therefore necessary to describe simultaneously the properties of 
the surface at which the reaction occurs and of the adsorbed molecule. This means that the 
theory of heterogeneous catalysis is located somewhere between molecular quantum 
chemistry and surface science. 

In the present review we will discuss the current status of the quantum-chemical treatment of 
the adsorption of small molecules on oxide surfaces. We will limit our attention to oxide 




