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Course program
(150-200 words)
This course provides an advanced introduction to homogeneous catalysis based on metal compounds, with emphasis on molecular and organometallic catalysts involving transition metals. The course covers the fundamental principles of catalysis, including catalytic cycles, ligand effects, and kinetic and thermodynamic considerations, as well as the evaluation and characterization of catalytic reactions.
Special attention is given to the structure–activity–selectivity relationships that govern catalyst performance and efficiency. Representative catalytic processes such as hydrogenation, carbonylation, hydroformylation, olefin metathesis, C–C coupling reactions, oxidation, and C–H activation are discussed through mechanistic and applied perspectives.
The course also introduces frontier topics in homogeneous catalysis, including green chemistry approaches, sustainable processes, energy-related catalysis, and emerging catalytic systems such as nanoparticle-based catalysts. The program is designed for PhD students in chemical sciences and aims to strengthen their ability to critically analyze catalytic systems, interpret experimental data, and connect fundamental concepts with modern catalytic applications.
Course content detailed per lesson of two hours (possibly with dates and room real and virtual)
Lesson 1 – Fundamentals of Homogeneous Catalysis 
· Importance and historical development of catalysis
· Definition of homogeneous catalysis
· Common ligands and coordination environments
· Elementary steps of catalytic cycles
· Kinetic and thermodynamic aspects
· Introduction to structure–reactivity relationships
Lesson 2 – Molecular Catalysts and Catalytic Reactions
· Molecular and organometallic catalysts: classification and mechanisms
· Catalyst preparation and characterization
· Evaluation of catalytic performance: conversion, selectivity, yield
· Catalyst lifetime and deactivation
· Homogeneous catalytic reactions:
· Hydrogenation and hydroelementation
· Carbonylation and hydroformylation
· C–C coupling reactions and olefin metathesis
· Oxidation, epoxidation, polymerization, and copolymerization reactions
· C–H activation processes
Lesson 3 – Advanced Topics and Frontier Areas
· Spectroscopic characterization of catalytic systems (IR, NMR, UV–Vis, EPR, EXAFS)
· Green chemistry and sustainable catalysis
· Energy-related catalytic processes
· Emerging trends: nanoparticle catalysis and new catalytic transformations
Lesson 4 – Oral Assessment Session
· Individual oral examination
· Critical discussion of catalytic mechanisms and case studies
· Evaluation of conceptual understanding and scientific communication skills
Suggested reading 
Basic Bibliography:
· van Leeuwen, P. W. N. M., Homogeneous Catalysis: Understanding the Art, Kluwer Academic Publishers, 2004.
· Hartwig, J. F., Organotransition Metal Chemistry: From Bonding to Catalysis, University Science Books, 2010.
· Spessard, G. O.; Miessler, G. L., Organometallic Chemistry, 3rd ed., Oxford University Press, 2015.
Complementary Reading: Selected articles from indexed scientific journals available through academic databases.
Learning Objectives 
· Understand the fundamental principles of homogeneous catalysis
· Analyze catalytic cycles and reaction mechanisms
· Correlate catalyst structure with activity and selectivity
· Evaluate catalytic performance using standard metrics
· Recognize sustainable and frontier approaches in modern catalysis
Knowledge and Skills to be acquired 
· Advanced knowledge of homogeneous and organometallic catalysis
· Ability to interpret spectroscopic and catalytic data
· Critical analysis of catalytic systems and literature
· Oral scientific communication skills
· Application of catalysis concepts to sustainable chemical processes
Prerequisites 
· Undergraduate-level inorganic chemistry
· Basic knowledge of coordination and organometallic chemistry
Teaching Methods 

 MODE 1 - Pre-recorded lessons uploaded on the moodle platform (a meeting must be organized with PhD students in order to clarify eventual doubts) 
X MODE 2 (preferred) - Lessons delivered in-person and in remote with simultaneous recording by the WEBEX platform
(The lessons must be recorded and available to all the students that cannot take part to the lessons in streaming. The Webex platform must be used. All course content should be uploaded to the Moodle platform on the Chemical Sciences PhD page “Courses and Seminars of the PhD in Chemical Sciences 2022-2023”)
Further information
Course materials, lecture slides, and complementary readings will be uploaded to the Moodle platform. Active participation and prior reading of assigned literature are strongly encouraged.
Type of Assessment 
The final evaluations will have to be validated maximum 1 month after the end of the course
Oral examination based on course content and case studies
Period 
27th March to 7th April
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