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Foreword
Motivated by the aspiration to rise to the new challenges of chemistry in the twenty-first century, 
the International Union of Pure & Applied Chemistry (IUPAC) has launched a global project to 
infuse systems thinking into chemistry education including its application to green and sustainable 
chemistry.

The primary activities of chemistry involve analyzing, synthesizing, and transforming matter, 
yet insufficient attention has been paid to the implications of those activities for human and envi-
ronmental welfare. Since a central element of addressing sustainability challenges requires attention 
to the material basis of society, a new paradigm for the practice of chemistry as a “central science” 
is required. A systems thinking in chemistry education framework illustrates one way to assimilate 
knowledge about the molecular world with sustainability.

Systems thinking is an interdisciplinary approach for examining systems that focus on the con-
nections among elements and the unexpected properties that emerge from those links. Systems 
thinking in chemistry education can help students and citizens to be better positioned to address 
complex global real-world problems such as natural resources management, global warming, or 
fighting still incurable diseases. 

Because of these potential benefits, there have been recent efforts to re-imagine chemistry educa-
tion. Among these valuable efforts and aware of the difficulties of this attainment, Pier Luigi Gentili 
wrote a book entitled Untangling Complex Systems: A Grand Challenge for Science. The author 
guides us through many disciplines, chemistry, biology, physics, economy, and even philosophy. 
Using the second law of thermodynamics and the nonlinear dynamics tools, he demonstrates with a 
great deal of conviction their applications to a wide range of complex systems.

Complex systems cannot be described exhaustively. Examples of complex systems are both uni-
cellular and multicellular living beings, human brain, immune system, ecosystems, societies, the 
global economy, and the climate and geology of our planet. The study of complex systems in a uni-
fied framework has become recognized in recent years as a new scientific discipline, the ultimate in 
the interdisciplinary fields. Breaking down the barriers between physics, chemistry, and biology and 
the so-called soft sciences of sociology and economics, this book explores the universal principles 
that govern the emergence of complex systems from simple components.

This book is both introductory and advanced at the same time. The level of scientific detail will 
please complex system specialists but will also not deter the novice. I imagined myself in the USSR 
during the darker days of the Second World War, with Boris Belousov, a biochemist, working on 
projects in radiation and chemical warfare protection. Through his investigations to remove toxic 
agents, Belousov developed a strong interest in biochemical cycles. After the war, while trying to 
recreate the autocatalytic processes of the Krebs cycle, he discovered accidentally periodical oscil-
lations during the cerium catalyzed acidic bromate oxidation of citric acid. In 1951, he submitted a 
short paper to the Soviet Journal of General Chemistry, but his article was rejected on the grounds 
that chemical oscillations were theoretically impossible. Four years later, a revision was attempted 
in the Russian Kinetics and Catalysis, but was rejected again for the same reason: a violation of the 
second law.

In  fact, the various reviewers had not  become aware that the concentrations of intermediate 
species, both produced and consumed in the course of the chemical reaction and present at con-
centrations much smaller than those of the principal reactants, may indeed execute complex, non-
monotonic behavior. But, as the reaction is being driven by the entropy increase of the overall 
conversion of reactants to products; there is no violation of the second law. It was only in 1958 
that a drastically reduced abstract appeared in a largely unknown medical publication. This report 
remained unnoticed, and this discovery was soon forgotten.
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It was only three years later that Anatoly Zhabotinsky became finally aware of the oscillating 
reaction scientific importance. In retrospect, it appears that the Belousov-Zhabotinsky (BZ) reac-
tion played an essential role in the development and consolidation of the theory of nonequilibrium 
thermodynamics by Ilya Prigogine.

In addition to the discovery of the BZ reaction, the Gentili’s book relates other unpredictable dis-
coveries. One such episode was the discovery of the sensitivity to the initial conditions by Edward 
Lorenz in 1961. This  mathematician and meteorologist tested the prediction capabilities of his 
weather model using a six-digit Royal McBee LGP-30 vacuum tubes computer. One day, he decided 
to prolong the simulation, starting from a previous one. He entered manually the printed three digit 
data and launched the calculations. Finally, he found something unexpected: the data of the sec-
ond run matched those of the previous one, but only at the beginning. After few steps, the two run 
diverged exponentially. At first, Lorenz thought that something had gone wrong in the computer, but 
after many checks, he realized that his nonlinear model was in fact sensitive to tiny round-off in the 
entered data (three digits instead of six). This discovery led him to coin the terms: strange attractor 
and butterfly effect, two core concepts in chaos theory.

Gentili pays a brilliant tribute to all those who have participated in the nonlinear dynamics and 
complex systems advances. The reader will find among the very complete bibliography list some 
pioneers such as Patrick De Kepper, Irving Epstein, Stuart Kauffman, Dilip Kondepudi, Benoit 
Mandelbrot, Melanie Mitchell, John Pojman, David Ruelle, Kenneth Showalter, Isabelle Stengers, 
Steven Strogatz, and Alan Turing, to mention a few.

To sum up, I shall say that this book is a contribution to the project of reimagining chemis-
try education in a novel interdisciplinary course that presents the properties of complex systems 
through the theories of out-of-equilibrium thermodynamics, nonlinear dynamics, and natural com-
puting. Anyone interested in where science (and philosophy of science) will be headed during the 
twenty-first century should pick this book up: the study of complex systems is poised to be the next 
paradigm shift within the natural sciences, and it is relevant to a really mind-boggling array of con-
temporary scientific, social, political, and philosophical problems. Moreover, lecturers in physical-
chemistry will find this book invaluable for their undergraduate courses, and postgraduates in the 
area of system thinking will find it essential reading. Each chapter contains numerous examples and 
exercises, and the reader is encouraged to solve them or to look at the provided complete solutions. 
Gentili’s book is a “must have” for your library.
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