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2. Summary

Homogeneous catalysis. Reaction quantities. Coordination and organometallic chemistry in
catalytic processes. Main classes of processes in homogeneous catalysis. Industrial processes in
homogeneous catalysis. Heterogeneous catalysis. Adsorption phenomena. Solid supports,
surface modification of supports with organic groups, metals, oxides and complexes.
Characterization methods. Main industrial processes in heterogeneous catalysis. Ziegler-Natta
Catalysis. Study of molecular and surface catalytic systems: synthesis, characterization,
properties and applications of homogeneous and heterogeneous catalytic precursors.

3. Objective
The course aims to present / discuss homogeneous and heterogeneous catalytic systems of
academic and industrial interest.

4. Contents

- General Concepts in Catalysis. Catalysts, cocatalysts, promoters and modifiers. Reaction,
Conversion, Selectivity, Yield, Activity, Turnouver Number, Turnouver Frequency, etc. Catalytic
reaction kinetics. Catalytic cycles: main characteristics in homogeneous and heterogeneous
systems.

- Homogeneous Catalysis. Coordination chemistry and organometallic applied in catalytic
systems. Catalytic reaction mechanisms involving transition metal complexes. Catalytic
processes. Isomerization. Hydrogenation. Oligomerization. Polymerization. Metathesis.
Hydroformylation. Carbonylation. Oxidation. Coupling Reactions. Asymmetric catalysis: main
concepts. Industrial processes: Wacker, Shop, Dimersol, Monsanto, DuPont, Reppe, etc.
Industrial processes in fine chemistry: Heck, asymmetric hydrogenation, Sharpless epoxidation,
cyclopropanation, etc. Homogeneous Ziegler-Natta.

- Heterogeneous Catalysis. General concepts in heterogeneous catalysis (comparative table
between homogeneous and heterogeneous catalysis). Organic and inorganic supports:
preparation, properties, activation, functionalization, etc. Preparation of heterogeneous
catalysts: methods of impregnation, ion exchange, precipitation, vaporization, grafting, etc.
Industrial methods: spraying, pelleting, etc. Zeolites: classification, properties, applications, ...
Analysis techniques: spectroscopic methods (FT-IR, CP-MAS, NMR, SEM, XPS, etc.), thermal
methods (TPD, TPR, TPO), volumetric methods (BET, porosity measures, etc.). Catalytic
processes: hydrogenation, hydroformylation, oxidation, reduction, methanation, etc. Main
industrial processes: hydrocarbon reforming, Fischer-Tropsch, MTG process, Ziegler-Natta,
pollution catalysts.
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5. Assessment

Written evaluation will be performed with the contents of homogeneous catalysis and
heterogeneous catalysis. The student, who obtains a final grade of A, B or C, awarded as per the
list below, will be considered approved:

A: grade equal to or above 9.0

B: grade equal to or above 7.5 and below 9.0

C: grade equal to or above 5.0 and below 7.5

D: grade below 5

FF: lack of frequency

6. Methodology
Lectures, exercises lists, seminars and examinations.
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