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In the present short communication, a point of view on the contemporary tendencies in the development of the Science of
Materials is offered. And for this, the main lines of research (personal criteria) in this area are considered, linked to problems of
great importance for humanity: the care and preservation of the environment, renewable sources of energy and the health of people.

Introduction

In order to appreciate, in all its magnitude, the development of
new materials (the totally new, the derivated, the transformed and
combined ones), we need to observe through a prism of several
faces, but all its converging on the plane of the climate change
urgencies and the survival of the human being as a species on the
planet Earth. Thus, the development of new atomic and molecular
structures, the transformation of others already known, is a
phenomenon closely linked to contemporary and high priority
problems, such as the depletion of non-renewable sources of
energy, the care and protection of the environment, and the health
of people. It is possible to sustain that the emergence of modern
approaches to new materials had its initial rebound in two periods
of great activity: from 1821 to 1851, three decades in which it was
understood at the macroscopiclevel and discovered the possibilities
of thermoelectric; and from 1930, when it was possible to
understand, from the microscopic level, thermoelectricity. This
second stage led to many of the current new materials [1]. In this
sense, the emergence of alternative refrigeration technologies was
also decisive at the beginning of the 1990s, as a result of the
combination of environmental factors and the negative evidence of
global climate change. In general, the development of contemporary
approaches and perspectives in the creation of new materials or the
well-intentioned modification of “old” materials, is a cross-cutting
phenomenon to these crucial problems of humanity, which
solutions go beyond specific fields. And at the same time, in a

general way, they could focus from science to suprainfim levels:

nanotechnology. The manufacture of materials with great structural
precision at the nanoscale has led to extremely important
applications for those fields of high research demand, such as
energy, environmental sciences, device technology and biomedicine.
Thus, nanoarchitecture is introduced as a rising tide within the
current science of nanomaterials [2]. A broad horizon, in this sense,
is the discovery of graphene (“wonderful material”) and, from it,
the obtaining of new two-dimensional materials such as graphyne,
graphdiyne, graphone and graphane. Graphyne and graphdiyne are
two-dimensional allotropes of graphene carbon with honeycomb
structures. Graphone and graphane are hydrogenated derivatives
of graphene. The advanced and unique properties of these new
materials make them highly promising for nanoelectronics
applications of next generation [3]. The already known as wonderful
material has also been a bridge to reach new discoveries on
principles of design and predictions of new semimetals: Dirac’s
semimetals, which allow to create heterostructures from a direct
layer by layer stacking, which provides an electronic coupling that
facilitates a remarkable load transfer between those layers. Such
structures are, apparently, very promising for the electronics of the
future (Q. D. [4,5]. The material science has also managed to create
crystals with optical properties that are not found in nature, whose
most hopeful applications are framed in optical circuits, molecular
sensors based on the resonance of surface plasmons. Comin and
Manna, in their research [6] firstly explain the basic processes
involved in surface plasmon resonances in nanoparticles, and later
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discuss the classes of nanocrystals that are particularly promising
for plasmonic tunable. In the field of medicine, new materials are
also playing a decisive role. For example, there are the new
absorbent materials for solid phase extraction (SPE), which is the
fastest growing sample preparation procedure; most usual
technique in the treatment and concentration of samples before
their analysis by different methods. PES are structures formed from
solutions of ionic surfactants, which can be absorbed on the
surfaces of active solids, resulting in sorbents capable of
simultaneously extracting a wide range of analytes with an
extremely varied polarity. The performance of these new SPE
materials is based on molecular recognition, which mimics the
selective or specific affinity of several biomolecules towards their
target compounds: these absorbents include molecularly imprinted
materials, immunosorbents and surfaces modified with aptamer
[7]. The SPE can be considered as a giant step in the issue of
obtaining samples, because the analysis of chemical compounds
presents in very low concentrations in complex matrices (for
example, residues and contaminants in food samples), generally
requires a complex analytical approximation, involving sampling,
sample preparation, isolation of analytes and qualitative and
quantitative determination. In medicine, most analysts believe that
the sample preparation is the Achilles heel, since it is generally
time-consuming, it is prone to the introduction of contamination
and it is more difficult to automate [8]. The current development of
robotics is also inextricably linked to the field of medicine and novel
approaches to materials. Thus, for example, the creation of an
adaptable, flexible and stretchable electronic system requires the
distribution of electronic products on large non-flat surfaces and
mobile components. The focus of current research in this direction
is marked by the use of new materials or by the intelligent
engineering of traditional materials to develop new sensors,
electronic components on substrates that can be wrapped around
curved surfaces. Attempts are being made to achieve flexibility and
elasticity in the electronic “skin”, while maintaining a reliable
operation. Information about various materials that have been used
in the development of flexible electronics for e-skin applications,
can be found in [9]. Another current trend is the development of
magnetic materials to take advantage of the magnetocaloric effect
(MCE). The research focuses mainly on magnetic materials that
respect the environment and their applications in heating, cooling
and magnetic energy conversion technologies. However, great
attention is also paid to the growing number of medical applications
of the MCE, such as, for example, controllable administration and
release of drugs and biomedical substances in defined places in the
human body and applications of magnetic hyperthermia (cancer
treatment) [10]. In the field of energy, the issue of storage is key. In
studies published in 2013, electrochemical properties of materials
derived from NaTi306 (OH) - 2H20 are revealed. The higher density
and the potential for a greater speed capacity of this derivative, in

comparison with the carbonaceous materials with similar voltage

and reversible capacities, constitute a convincing case for its
development as an anode material, both for lithium ion and sodium
batteries [11]. Also, today there is a wide selection of new
absorbents that can be promising for the transformation and
storage of heat at low temperatures of renewable heat sources:
optimization of zeolites by dealumination, further development of
the aluminophosphates, the compounds “salt in the host porous
matrix “ the metal-organic frames. Particular attention is focused
on the chemical behavior of nano-adaptation and adjustable tuning
of these materials to satisfy the demands of the appropriate cycles
of heat transformation [12]. Finally, reference is made to hybrid
materials, that is, materials that incorporate organic and inorganic
parts. These materials have become popular in a variety of fields.
The technique is not so contemporary anymore, but the
incorporation of hybrid materials has given rise to a great variety of
new materials and techniques to produce them. One of the most
recent is the combination of the deposition of the atomic layer
(ALD), which produces inorganic materials, and the deposition of
the molecular layer (MLD), which produces organic materials. A
variant, known as infiltration, has allowed the modification of a
variety of natural and synthetic polymers with surprising results
related to their general mechanical properties [13]. And what role
mathematical simulation techniques has played and is playing in all
the above? As has been seen, natural and artificial materials often
depend on functional interfaces between organic and inorganic
compounds. Examples include skeletal and biomineral tissues, drug
delivery systems, catalysts, sensors, separation media, energy
conversion devices and polymer nanocomposites. Current
laboratory techniques are limited to monitoring and manipulating
the assembly on a scale of 1 to 100nm, they are time-consuming
and expensive. The confidence in the computational methods, to
understand the assembly and the yield of the materials, has
remarkably grown. A review of the value of the simulations
compared to the experiment on the scale of 1 to 100nm, including
the connections to scales of smaller length of quantum mechanics
and scales of larger length of coarse-grained models, can be
consulted in [14].

Conclusion

The Science of Materials, supported by its own development,
and strongly “pushed upwards” by the increasing computing
power, and the development of increasingly efficient and innovative
simulation techniques, leads humanity towards discovery and
creation of increasingly surprising materials and with a wide range
of application possibilities. However, it is vitally important that
such development and such possibilities do not become homicidal.
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