
Avelino CormA
Instituto de Tecnología 
Química (CSIC-UPV)

Avelino Corma, Professor at the Instituto de Tecnología Química 
(CSIC-UPV), has been carrying out research in heterogeneous 

catalysis in academia and in collaboration with companies for nearly 
30 years. He has worked on fundamental aspects of acid-base and redox 
catalysis with the aim of understanding the nature of the active sites, 
and reaction mechanisms. With these foundations, he has developed 
catalysts that are being used commercially in several industrial 
processes. He is an internationally recognized expert in solid acid and 
bifunctional catalysts for oil refining, petrochemistry and chemical 
process, especially in the synthesis and application of zeolite catalysts. 
He has published more than 900 research papers, and inventor on 
more than 130 patents.  Corma earned his BS in Chemistry at Valencia 
University, PhD at Madrid under direction of Prof. Antonio Cortes, 
and spent two years postdoc at Queen´s University.  He has received 
the Dupont Award on “Materials Science”, Ciapetta and Houdry 
Awards of the North American Catalysis Society, the F. Gault Award 
of the European Catalysis Society, the M. Boudart Award on Catalysis 
by the North American and European Catalysis Societies, the G. J. 
Somorjai ACS Award on Creative Catalysis, the Breck Award of the 
International Zeolite Association, the National Award of Science 
and technology of Spain, "Rey Jaume I" Prize for New Technologies 
(2000), the ENI Award on Hydrocarbon Chemistry, the Royal Society 
of Chemistry Centenary Prize, Solvay Pierre-Gilles de Gennes Prize 
for Science and Industry and Gold Medal for the Chemistry Research 
Career 2001-2010 in Spain, La Grande Médaille de l'Académie des 
sciences de France 2011 and Honour Medal to the Invention from the 
Fundación García Cabrerizo in Spain. Gold Medal Foro QUÍMICA 
y SOCIEDAD to all his research career, Gran Medaille of the Science 
French Academy, Edith Flanigen Lectureship, Eastman Lecture, 
Director´s Distinguished Lecture Series Pacific Northwest National 
Laboratory´s. Prince of Asturias Award for Science & Technology 
2014, 48th W. N. Lacey Lectureship in Chemical Engineering-
Caltech (2015) and The Jacobus van 't Hoff Lecture 2015 at TU Delft 
Process Technology Institute (2015), The Hoyt C. Hottel Lecturer in 
Chemical Engineering at MIT Chemical Engineering Department 
(2015), Spiers Memorial Award RSC (2016), IZA Award of the 
International Zeolite Association (2016).

“Doctor Honoris Causa” by Utrecht University (2006), UNED (2008), München 
Technological University (2008), Universidad Jaime I de Castellón (2008), Universidad 
de Valencia (2009), Bochüm University (2010), Universidad de Alicante (2010), Ottawa 
University (2012) Delft Technological University (2013) Jilin University (China) (2013), 
University of Bucarest (2014), Jaen (2015), Cantabria (2016).

“Building Fundamental Knowledge 
for Catalyst Design and Catalyst 

Design for Industrial Application”

The key point in catalysis is to define and synthesize 
the specific active site that will minimize the activation 
energy of the reaction, while forming selectively 
the desired product. In the case of homogeneous 
catalysis, highly selective molecular catalysts can be 
designed and /or optimized from the fundamental 
knowledge accumulated on chemical reactivity, and 
the possibilities offered by molecular modelling, in 
situ or operando spectroscopy, kinetics and advanced 
catalyst synthesis. Then, when the catalytically 
active centers are defined, and their interaction with 
reactants and products can be rationalized, it could, 
in principle, be possible to predict and prepare more 
active and selective catalysts.

In the case of solid catalysts it becomes more difficult 
to define and specifically build the active sites due 
to surface heterogeneities present in most of the 
solids. Indeed, one should consider that the presence 
of non-controllable surface defects and the fact that 
surface reconstruction may occur during the catalytic 
reaction, makes the identification and synthesis of 
the active sites in solid catalysts a big challenge.

From the point of view of maximizing active sites, and 
since catalysis with solids is a surface phenomenon, 
high surface solid catalysts are most of the times 
preferred. In this case it is not a simple task to identify 
the assembly of atoms, and therefore to establish the 
enthalpy and entropy effects at the interface of the 
solid-gas or solid-liquid, that will be responsible for 
the catalytic effect at the molecular level. Moreover, 
even when the above is achieved, to synthesize the 
solids with well defined, homogeneous single or 
multiple catalytically active sites it is a difficult task. 
Notice that reaction selectivity will depend on the 
capacity to prepare the solid avoiding the presence 
of sites other than the desired ones.

It was our objective, from the beginning, to design 
and synthesize solid catalysts where we could build 

within the structure (almost like in a lego set), on 
the bases of the knowledge developed on reaction 
mechanisms, adsorption interactions and materials 
synthesis procedures, the potential catalytic active 
sites. We expected that, if successful, this could 
be one way to achieve solid catalysts with well 
defined, uniform single or multiple active sites. It also 
appeared to us that working in that way it should be 
possible to build bridges between the homogeneous 
and heterogeneous catalysis. We are aware that in the 
case of the solid catalysts would not be possible to 
achieve the fine tuning of electronic, geometric and 
chiral effects obtained by means of the ligands and 
molecular structure, with transition metal complexes, 
and organic molecules in homogeneous catalysis. 
Nevertheless, we attempted to use the surface 
topology, textural characteristics and chemical 
composition of the solid to master molecular 
diffusion and adsorption of reactants, while selecting 
one among the different possible transition states.

I will present our evolution in the design of three 
types of solid catalysts where we followed the 
methodology describe above. They are:

a) High surface area hybrid organic-inorganic 
catalysts where we attempt to regulate the 
characteristics of the active sites and the 
geometrical flexibility to maximize dispersion 
forces.

b) Fully inorganic highly thermically stable 
micro and mesoporous materials with 
well defined single sites, while controlling 
molecular diffusion and adsorption to achieve 
remarkable selectivity effects.

c) Generating and stabilizing from single 
metal atoms to clusters with a few atoms to 
nanoparticles, with reactivities so high that 
remind those of enzimes.

We will show that by following the methodology: 
“understanding for designing and synthesizing”, 
we could also achieve what it is always a desirable 
objective in catalysis: “Designing for industrial 
application”.



• G. Ertl, Institute of Physical Chemistry, University of Munich, 
Germany

• J. M. Thomas, F. R. S., Royal Institution of Great Britain

• George M. Whitesides, Harvard University

• George Parshall, E. I. du Pont de Nemours and Company

• James P. Collman, Stanford University

• Robert H. Crabtree, Yale University

• Roel Prins, Federal Institute of Technology, Zurich

• Mark H. Wrighton, Massachusetts Institute of Technology

• Yashuiro Iwasawa, University of Tokyo, Japan

• T. Michael Duncan, AT&T Bell Laboratories

• John T. Yates, Jr., University of Pittsburgh

• Wolfgang M. H. Sachtler, Northwestern University

• James Wei, Massachusetts Institute of Technology

• John H. Sinfelt, Exxon R&E Company

• M. Albert Vannice, Pennsylvania State University

• Gary L. Haller, Yale University

• Robert J. Madix, Stanford University

• Russell S. Drago, University of Florida

• James A. Dumesic, University of Wisconsin

• Michael C. Zerner, University of Florida

• Preetinder Virk, Massachusetts Institute of Technology

• James E. Lyons, Sun Refining and Marketing Company

• Mark Davis, California Institute of Technology

• Arvind Varma, University of Notre Dame

• Wolfgang F. Holderich , University of Aachen, Germany

• Jack Lunsford, Texas A&M University

• Lanny D. Schmidt, University of Minnesota

• James R. Katzer, ExxonMobil Research and Engineering Co.

• Jens K. Norskov, Director, Center for Atomic-scale Materials 
Physics, Denmark

• Michael Tsapatsis, University of Minnesota

• Shimshon Gottesfeld, CellEra Inc.

• Hubert A. Gasteiger, Technische Universität München

Past Schuit Lecturers

http://sites.udel.edu/ccst/seminars/

The Center for Catalytic Science 
and Technology (CCST) was 

established in 1977 to formalize and 
strengthen the vigorous research 
in catalysis, which had developed 
at Delaware in the preceding 
decade. The goal for the CCST was 
to establish a multidisciplinary 
organization dedicated to 
advancing the science and  engineering of catalysis 
by conducting fundamental research motivated by 
technological need, integrating the key disciplines of 
chemistry, surface science, and chemical engineering, 
especially chemical reaction engineering. During its first 
decade, the CCST faculty pioneered efforts to develop 
and apply new spectroscopic techniques such as EXAFS 
and NMR to the characterization of catalysts.

George C. A. Schuit was a key figure in founding the 
Center with a dedicated group including James R. Katzer, 
Bruce C. Gates, Alvin B. Stiles, Arthur B. Metzner and, 
later, Kenneth B. Bischoff. Dr. Schuit received his PhD 
from the University of Leiden in 1938 and then worked 
at Shell Research in Amsterdam. He joined Eindhoven 
University in 1961 before coming to the University of 
Delaware. He played a crucial role in the development 
of the CCST and his concept of academic catalysis 
research influenced the faculty, helped set a research 
philosophy, and provided much of the scientific and 
intellectual leadership during the Center’s formative 
years. He was well known for his incisive fundamental 
investigations of complex industrial catalysts, including 
mixed metal oxides, supported metals, and supported 
metal sulfides. He was a pioneer in the application of 
solid-state chemistry in catalysis research and in the 
application of spectroscopic techniques in concert 
with chemisorption and chemical reaction probes for 
structural elucidation of catalysts.

The Center for Catalytic Science and Technology Annual 
Research Review is held each Fall. The G. C. A. Schuit 
Symposium Series was established in 1985 to honor Dr. 
Schuit’s many years of service as a Research Professor 
and his influence in the formation of CCST.
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