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Abstract

The advent of functional materials yielding electro-ceramics, electro-polymers, piezo-electrics, semi-conductors,
nano-biomaterials, and other electro-material concepts has undergone the focus of many scientific and creative
endeavors. In favor of creating and defining a term covering under its umbrella all of these concepts, we
propose the designation “Materionics” taken from the first and second halves of the two words “materials” and
“electronics,” respectively. The ever-growing trend of overlapping activities in the two engineering fields of
Materials Science and Electronics accentuates this necessity. With the introduction of Materionics, once it has
flourished, we expect that a new wave of understanding will engulf and overtake the scholars of this new field
and that their contributions in the disciplines having overlaps will be most synergistic. Inevitably, goods and

services that Materionics could yield will expeditiously become ubiquitous in modern life and civilization.
Keywords: Materionics; electronic materials; functional materials.

1. Introduction
1.1 Definition of Materionics

Today’s technologies involve many functional materials and their related components and systems which are
mostly the results of modern Materials Science and Electronics [1-3]. During the past decades, scientists have
used various names to delineate these functional materials, such as electro-ceramics [4], electro-polymers [5],
piezo-electrics [6], semi-conductors [7], and nano-biomaterials [8]. Encouraging a common dialogue to
consolidate the research activities in the two engineering fields of Materials Science and Electronics, we
propose a new interdisciplinary field to be called Materionic Engineering, or “Materionics” for short, composed
of the first and second halves of the words “materials” and “electronics,” respectively. We firmly believe that

all the above concepts can come under this umbrella term.
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The main idea of introducing and encouraging Materionics revolves around training and inspiring a new
generation of engineers and scientists whose gathered knowledge will consist of the overlapping features of both
Materials Science and Electronic Engineering, working in synergy as a team rather than independently, creating
and flourishing an interdisciplinary field called Materionics. Indeed, our proposal has been adopted from the
circumstances that led to the introduction and widespread use of the term Mechatronics [9-11], an
interdisciplinary field of Mechanical and Electronic Engineering whereby wonderful and remarkable
breakthroughs have hitherto emerged in the world of the pertinent fields. Once taught at universities, similar to
Mechatronics, the emerging scholars of Materionics will soon manifest their achievements surpassing well

beyond those of either of the two engineering fields.

Nonetheless, a word composed of the two existing English words may convey quite a restrictive meaning of the
term Materionics as a whole. Nowadays, scientists and engineers would have to dissect matter for a deeper
understanding of its behaviors at the quantum level and beyond. Therefore, Materionics can be broadly defined
as the field of understanding elementary particles at the microscopic scale for applications in the macroscopic
world. This definition readily reveals the two main perspectives of science and engineering. The former,
inclusive of sciences of materials, physics, chemistry, mathematics, computer, and even psychology, constitutes
the core of the latter. Fig. 1 illustrates some disciplines that currently participate very actively in Materionics.
The question mark left in Fig. 1 will perhaps be specified by specialists of other fields to be accommodated, in

the near or ever future, under this umbrella.
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Figure 1: The inherent multidisciplinary nature of Materionics.

One should notice that nearly fifty years have elapsed during which academia and industry have paved the path

toward the development of Mechatronics. The term was coined in 1969, however, the first conference
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promoting it was held over 20 years later in 1990, and ever since, in the course of the last 30 years, the term
Mechatronics and the engineering design philosophy that it encompasses began to develop a really clear
definition and scope. Today, after over 50 years, its impact has been so far-reaching that currently, some highly
prestigious universities are offering Mechatronics at both undergraduate and graduate levels. Consequently, it is
indisputable that, with the road paved from the Mechatronics trend, Materionics shall realize and flourish its

potentials in a much shorter time.

2. Discussion

2.1The art of manipulating materials

Since 1929 when Hubble discovered that the universe is expanding [9], scientists have been endeavoring to
figure out the nature of this phenomenon. They have found out that, some 13.7 billion years ago, the matter
came into existence all of a sudden, which has become known as the Big Bang Theory [10], albeit some
criticisms have been leveled at this theory [11]. Albert Einstein’s most famous equation (E = mc?) has proven
that energy (massless) and matter are of the same nature; matter is a condensed form of energy. And, it is also
well known that material is any type of matter. Materials behave differently as a result of variation in the
movement of electrons, which inherently depends on the interatomic bonding. Atoms provide housing and
residence to the electrons, and upon interactions with each other, interatomic bondings form. For instance, sea of
electrons forms metallic bonding, providing free electrons for ease of electronic conductivity, while sharing of
electrons constitutes the covalent bonding, whereby the electrons are bound from free movement and thus
dielectric/insulative properties emerge, such as in electro-ceramics. Small addition of nanomaterials such as
graphene to some polymers produces nano-biomaterials which possess adequate conductivity for biomedical
applications such as tissue engineering and regenerative medicine. The electronic properties of nano-
biomaterials is also related to the movement of electrons that ultimately determines their behavior. Biologists
often look for electronic transfers and configurations at the subatomic level that provide many aspects of the
cells’ behaviors [12-17].

Interestingly enough, the idea behind the introduction of Materionics revolves around educating and training
professionals who understand the behavior of materials and the movement of electrons simultaneously.
Materials scientists have been involved with the structure-property relationship of materials, and electronic
engineers have been eager in learning how the electrons move and control their movements for various
applications. With the advent of Materionics, the scientific community will soon have professionals possessing
a deep understanding of both the structure-property relationship as well as the mechanism of electronic
movements that cause the various properties to develop and manifested in different materials. Pursuing such
deep understanding, the materials and devices produced and made available for the convenience of mankind will

be glorious.

Furthermore, scientists have postulated that the gigantic but invisible part of our universe consists of dark
matter. By and large, there are two approaches to the concept of dark matter. The first approach assumes that
dark matter is made up of the familiar particles as described in the standard model of particle physics [18] but

behaves unlike those of normal matter in terms of emanating/reflecting light. Nonetheless, in the second
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approach, likely some as-yet-undiscovered subatomic particles other than the ordinary atoms, protons, neutrons,
and electrons form the dark matter and thus require a new comprehension above and beyond what the current
standard model presents [19, 20]. There have been periods mankind used materials without knowing the
mechanism of their operation, or breathed the air without knowing he was surrounded by it for a long time.
What if we have always been surrounded by dark matter and we are still ignorant about it? Consequently, the
more we learn about materials and the way their electrons move and behave in them, the better we can
manipulate and control them to our advantage. In either case, it is hoped that our proposed field, Materionics,
would lead to a transparent understating of the dark matter in that it, in addition to describing the nature of its

constituents, clearly manifests the motion of the fundamental particles such as the electrons.

In what follows, we shall present an overview of some of the more important instances involving Materionics.

2.2 Catalysts

In the age of modern technology, catalysts play a pivotal role in both academia and industry and have enormous
potential in our daily lives. Some of the applications of these materials include fine chemicals, pharmaceuticals,
petroleum, polymers, electronics, and environmental purposes [21]. Besides having chemical aspects, catalysts
lower environmental pollution as well as manufacturing costs and are also the most important items in the
processing and manufacturing of electronic components. These advantages have escalated worldwide demand

for these materials [22].

In catalysts, the movement of electrons is a vital parameter determining their activity and selectivity, and the
arrangement of electrons indicates how they perform [23]. Every catalytic process, like any other chemical
process, is inherently contingent on the operating mechanism of the electrons involved [24], whose clear
definition can be sought in Materionics. For instance, Sun and his colleagues [25] simulated the influence of
catalytic parameters used in the cathode of a fuel cell. Their simulation results have shown that the electron
conduction and proton migration parameters are as important as the oxygen penetration to determine the rate of
electrode reaction in the fuel cell. Also, Reference [26] found that, in the structure of metals, a direct

relationship exists between catalytic activities and low-energy local electronic fluctuations.

Another key point in catalysis may be realized by the Heisenberg’s uncertainty principle [27] which expresses
the movement of electrons. Perhaps in the near future, by using it, we can justify the attitude of electrons in
catalysis and thus further optimize the efficiency of catalysts. We believe that it will be viable in light of
Materionics, the apt field providing a level of insight that the elementary particles and their properties and

reactions, as well as the attitude of the elements composing the catalysts, are considered at once.

The objectives of Materionics in catalysts are never confined to the aforementioned. Materionics can also
express the relationship between catalytic and electronic properties of semiconductors, and of course the
chemical and electronic properties of matter in general. As a result, we can say that two areas take part in the
design and performance of catalysts: one is the movement of electrons and their properties, and the next is the

knowledge of materials and the strategy to choose them. Considering the many valuable research works
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performed in both areas [28], in the not-too-distant future, the field of Materionics could definitely broaden their

scope further.

2.3Quantum computers

The design and manufacture of quantum computers are more important than you might think. The idea of
quantum computers dates back to the 1980s, when Richard Feynman [29] suggested that computational methods

should be transformed from the digital concept to a new world called quantum.

It was from 1994 onwards that information theory and quantum mechanics [30] have entered a new phase
currently known as the quantum computing age [31]. Quantum computing is one remedy for redesigning
transistors and electronic devices based on the quantum theory. More specifically, it implies that the transistor
can be in smaller sizes, i.e., nanometer scale [32, 33]. Within this age, the term “qubit” (quantum bit) was first
coined [34]. As it is typical and standard, in a binary system, a bit is the smallest and most basic unit of data
storage on a computer. In an instant, a bit can take only one of the two values, zero or one, whereas in the
quantum logic, a qubit can be zero, one, or both simultaneously [33]. In other words, in the case that a
conventional computer can evaluate one process, a quantum system affords many processes [35]. As a matter of
fact, particles such as electrons have the ability to spin in all directions in an instant [36], and this is one of the
wonderful features taken into account in quantum mechanics from which one may discern again the footprints
of Materionics. If an electron can spin in all directions and we can subsequently measure it, it means that we can
perform numerous calculations at the same time, an approach the mechanism of quantum computers is
predicated on [37].

2.4 Disease treatment

Even if we glance at the medical sciences, we can also appreciate the significance of Materionics. There is an
innovative method for cancer treatment presented by Yoram Palti and his colleagues [38, 39]. This therapy
employs an electric field that interferes with the proliferation of cancerous cells, on account of its influence on
the objects that have an electric charge. As another example, a dependable method to quickly get rid of virus-
infected cells is to utilize electron beam irradiation (EBI), which can destroy virus species [40]. Luchsinger and
his colleagues showed that the EBI technique can eliminate the E. coli and Salmonella found in pigs and serve
in the health of the food industry [41]. Also, the results obtained by Feng and his colleagues have demonstrated
the effect of EBI on deactivating the recently identified coronavirus (COVID-19), although its exact mechanism
of action is still unknown [42]. It seems that, by exploiting Materionics to investigate how the electron

movements engage in the treatment, we may find how to treat a variety of serious diseases.

The above compelling examples suggest that wherever in the world of science and technology the elementary
particles (e.g., electrons) and the properties of various elements and materials appear, Materionics will be
present. In fact, Materionics will provide us with the simultaneous knowledge of the attitude of the elementary

particles and of the identification and selection of the best materials for our desired applications.

2.5Educational and industrial expectations
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Considering the significance of the above-discussed examples and potentials, the academic-industrial programs
covering topics in Materionics will definitely inspire a new generation of engineers and scientists in the coming
years. In this regard, the K. N. Toosi University of Technology (KNTU) is in the process of executing a program
in Materionics leading to a master’s degree. In this program, students will be taught to more profoundly
understand the overlapping features of the two engineering fields, Materials Science and Electronics, thereby
becoming inherently qualified in both as prospective scholars of Materionics. With respect to the well-
established record and successful experience of the KNTU in the multidisciplinary field of engineering, we

highly expect that this forthcoming program will turn out to be very fruitful.

As per data from the U.S. Census Bureau [43], Table I lists the share of people employed as materials engineers
in various industries over recent years. We readily notice that the largest share each year contributes to
electronic component and product manufacturing. These staggering statistics, even more, necessitate
establishing the field of Materionics and no doubt it will soon become an essential ingredient in enhancing the
living standards of nations around the world. If materials engineers have caused such staggering statistics

without much knowledge of electronics, the advent of Materionics will give birth to new scientists and scholars

Table 1: The share (%) of materials engineers employed by various industries in the U.S.A.%,

Industry 2015 2016 2017 2018
Electronic component & product 20.9 235 18.1 20
Motor vehicles & motor vehicle equipment 147 124 118 12.6
Aircraft & parts 112 149 16.3 12
Machine shops; turned product; screw; nut & bolt 7.09 7.22 7.77 8.9
Iron & steel mills & steel product 6.87  4.87 6.31 6.85
Machinery 232 6.04 5096 5.33
Railroad rolling stock 3.72 423 285 4.85
Navigational, measuring, electromedical & control instruments 4 348  4.05 4.47
Plastics product 507 357 3.16 2.65
Others 2413 1979 237 2235

® Data from the Census Bureau ACS PUMS 1-Year Estimate [43].

capable of introducing and producing many novel materials and devices as a result of their combined grasp of

both Materials and Electronics.

3. Conclusions

In a nutshell, we have proposed the umbrella term Materionics to provide and develop a common intellectual
framework for the overlapping research activities in the two engineering fields of Materials Science and
Electronics as well as the pertinent subjects. We discussed the contribution that this term will have toward some
crucial cases such as catalysts, quantum computers, and disease treatment. In the world of catalysts, Materionics
can describe their microscopic mechanism to improve their performance or, by combining their electronic and
chemical properties, can develop much more efficient catalysts. In quantum computers, Materionics can further

their feasibility and thus expand their applications by facilitating deeper insights into the movement of electrons
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in more advanced materials. In the realm of medicine, since most human cells are made of proteins, and the
electric and magnetic fields affect their structure, Materionics can shed light on discovering and ovdercoming
many dangerous diseases, even cancer or COVID-19. We conclude that no boundaries can be imagined for
Materionics, particularly when the elementary particles such as electrons and the properties of various elements
and materials are involved in the problem. Throughout history, it has been observed that wherever a synergy
emerges between two or more disciplines—as the idea Materionics conveys—enormous inventions and
achievements have materialized. Therefore, we hope that our suggested field will stimulate joint research studies
in materials and electronics and introduce new harizons for functional materials at play in human lives. Future
work will entail presenting expertise and experience that are expected of those who wish to be Materionics

specialists.
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