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In recent decades, development of catalytic systems provided the major driving force for
the paramount progress in the areas of pharmaceutical chemistry, access to new drugs, fine organic
synthesis, chemical industry, fuels, biomass conversion, green and sustainable technologies,
among many other directions.

Highly active molecular catalysts, involving a single metal atom surrounded by special
organic ligands, are ubiquitously utilized for synthetic procedures in the area of homogeneous
catalysis. Metal nanoparticles, stabilized on suitable supports, are used in many industrial and
research applications of heterogeneous catalysis.

The attempts to understand the nature of catalytic reactions reveal a very complicated
mechanistic picture, the concept of which has undergone several developmental "waves", from
simple molecular catalysis to complex dynamic nanoparticle systems (Figure 1) [1].
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Figure 1. Mechanistic studies of catalytic reactions [1].

The present lecture will introduce the overall complexity of catalytic cycles with the main
emphasis on unraveling the hidden reaction mechanisms by using powerful analytic methods of
contemporary chemistry [1, 2]. Understanding of complex reaction mechanisms in catalysis is
essential for the development of advanced chemical technologies with improved efficiency,
selectivity and practical utility.
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