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1. RECENT RESEARCH ACHIEVEMENTS

World leader in Applications of Information Theory in Chemistry and Nanostructured Materials

Information Theory (IT) concepts are at the borderline of the development of the physical sciences which
are attracting the attention of numerous researchers. In the present review article we discuss several
applications of IT to the study of chemical systems and processes. This area of inquiry is shedding new light
on the conceptual foundations of quantum chemistry and physics and is also at the core of the new field of
quantum information theory, which foresees important technological developments through concepts such as
“entanglement”, “teleportation” and “quantum computation”. Besides, there is an inherent interest for
applying the new entropic and complexity ideas and methodologies to chemical and biological systems and
their processes. In line with these developments we have undertaken multidisciplinary research projects so
as to employ IT at different levels, classical (Shannon, Fisher, complexity, etc) and quantum (von Neumann
and other entanglement measures) on a variety of chemical processes, organic and nanostructured molecules.
Recently, significant advances in chemistry have been achieved by use of Shannon entropies through the
localized/delocalized features of the electron distributions allowing a phenomenological description of the
course of elementary chemical reactions by revealing important chemical regions that are not present in the
energy profile such as the ones in which bond forming and bond breaking occur. Further, the synchronous
reaction mechanism of a SN2 type chemical reaction and the non-synchronous mechanistic behavior of the

simplest hydrogenic abstraction reaction were predicted by use of Shannon entropies analysis. In addition, a
recent study on the three-center insertion reaction of silylene has shown that the information-theoretical
measures provide evidence to support the concept of a continuum of transient of Zewail and Polanyi for the
transition state rather than a single state, which is also in agreement with other analyses. While the Shannon
entropy has remained the major tool in IT, there have been numerous applications of Fisher information
through the “narrowness/disorder” features of electron densities in conjugated spaces. Thus, in chemical
reactions the Fisher measure has been employed to analyze its local features and also to study the steric
effect of the conformational barrier of ethane. Complexity of the physical, chemical and biological systems
is a topic of great contemporary interest. The quantification of complexity of real systems is a formidable
task, although various single and composite information-theoretic measures have been proposed. For
instance, Shannon entropy (S) and the Fisher information measure (1) of the probability distributions are
becoming increasingly important tools of scientific analysis in a variety of disciplines. Overall, these studies
suggest that both S and | can be used as complementary tools to describe the information behavior, pattern,
or complexity of physical and chemical systems and the electronic processes involving them. Besides, the
disequilibrium (D), defined as the expectation value of the probability density is yet another complementary
tool to study complexity since it measures its departure from equiprobability. Thus, measuring the
complexity of atoms and molecules represents an interesting area of contemporary research which has roots
in information theory. In particular, complexity measures defined as products of S and D or S and | have
proven useful to analyze complexity features such as order, uncertainty and pattern of molecular systems
and chemical processes. On the other hand, the most interesting technological implications of quantum
mechanics are based on the notion of entanglement, which is the essential ingredient for the technological
implementations that are foreseen in the XXI century. Up to now it remains an open question whether
entanglement can be realized with molecules or not and hence it is evident that the new quantum techniques
enter the sphere of chemical interest. Generally speaking, entanglement shows up in cases where a former
unit dissociates into simpler sub-systems, the corresponding processes are known quite well in chemistry.
Although information entropies have been employed in quantum chemistry, applications of entanglement
measures in chemical systems are very scarce. Recently, von Neumann measures in Hilbert space have been
proposed and applied to small chemical systems, showing than entanglement can be realized in molecules.
For nanostructures, we have been able to show that IT measures can be successfully employed to analyse the
growing behaviour of PAMAM dendrimers supporting the dense-core model against the hollow-core one.
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