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ABSTRACT 

Human-centred, resilient, and sustainable creations will be at the heart of the next society. 
Some perspectives such as “Extension of healthy lifespan”, “FinTech”, “Creation of next-
generation supply chains”, “Building of pleasant infrastructure”, and “Realization of the 
mobility revolution” are proposed for the future society. The smart society concept requires 
the acquisition of enormous real-time information gathering from large networks of smart 
devices. So, the proposed future society needs some technological infrastructure such as 
Cyber-Physical Systems (CPS), Artificial Intelligence (AI), Big Data and Cloud, and the 
Internet of Things (IoT). Creating “smart materials”, that detect, process, and respond to 
external stimulations with decentralized resources is mandatory to reach the vision of future 
society. In this review, a group of smart materials that can be used to create the society 
planned have been briefly mentioned. 

Keywords: Society 5.0, Super Smart Society, Smart Industry, Smart Materials, Smart 
Cities, Smart Devices  

TOPLUM 5.0: AKILLI MALZEMELER İLE İNŞA ETMEK 

ÖZET 

İnsan merkezli, dayanıklı ve sürdürülebilir olgular gelecekteki toplum yapısının kalbinde yer 
alacaktır. Geleceğin toplumu için “Sağlıklı yaşam süresinin uzatılması”, “Keyifli altyapının 
inşası”, “Mobilite devriminin gerçekleştirilmesi”, “FinTech” ve “Yeni nesil tedarik 
zincirlerinin oluşturulması” gibi bazı perspektifler önerilmektedir. Akıllı toplum konsepti, 
büyük akıllı cihaz ağlarından gerçek zamanlı olarak toplanan muazzam miktarda verinin 
toplanmasını gerektirir. Bu nedenle, önerilen gelecek toplumunun Yapay Zeka (AI), 
Nesnelerin İnterneti (IoT), Büyük Veri ve Bulut ve Siber-Fiziksel Sistemler (CPS) gibi bazı 
teknolojik altyapılara ihtiyacı vardır. Bu vizyonu ulaşmak için, merkezi olmayan kaynaklarla 
çevresel uyaranları algılayabilen, işleyebilen ve bunlara yanıt verebilen "akıllı malzemeler" 
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geliştirmeye ihtiyaç vardır. Bu derlemede, planlanan toplumu oluşturmak için kullanılabilecek 
bir grup akıllı malzemeden kısaca bahsedilmiştir. 

Anahtar Kelimeler: Toplum 5.0, Süper Akıllı Toplum, Akıllı Endüstri, Akıllı Cihazlar, Akıllı 
Şehirler, Akıllı Malzemeler  

 

1. INTRODUCTION 

Because of the effects of the Industrial Revolution (also known as the First Industrial 
Revolution), technological improvements in the industry field caused significant societal 
changes. The first Industrial Revolution (Industry 1.0) (i.e., the 1780s) started with generating 
mechanical power through steam and fossil fuels. , electrical energy-based mass production 
could be executed during the second revolution (Industry 2.0) in the 1870s. In the 1970s, 
incorporating automation into mass production was launched using electronics and 
Information Technologies (IT) throughout the third Industrial Revolution (Industry 3.0). [1]. 
Artificial Intelligence (AI),  Cloud Computing, Big Data, Cyber-Physical Systems (CPS), and 
the Internet of Things (IoT) work as interface operators between the physical worlds and the 
virtual worlds during the fourth Industrial Revolution (Industry 4.0) [2].  

 

 

Figure 1: A chronological view of the differentiation concept of society evolutions. 

When we look at human history, it is observed that there have been different periods with 
distinct differences. We can describe them as different periods of society. Society 1.0 is 
described as groups of hunter-gatherers. Society 2.0 formed agriculture and settled 
communities based on increasing organization, state-building, and agricultural cultivation. 
Society 3.0 is a society that supports industrialization accompanied simultaneously by the 
Industrial Revolution, making it possible to produce mass production. The term Society 4.0 
describes an information society that executes significant worth by linking intangible assets as 
information networks. At the end of these transformations, nowadays, Society 5.0 describes 
an information society that aims for a human-centred community (schematically illustrated in 
Figure 1) [3].  

Europeans have actually implemented the Industry 4.0 strategy since long ago, but the 
applications' notions only focus on manufacturing. In addition to that, the so-called Society 
5.0, also covers social arrangement/formation and the surrounding environment  [4]. 
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Prioritizing being in harmony with the ecosystem and natural life, Society 5.0 aims to execute 
this by using digital transformation to overcome difficulties of social actualities in circular 
economic growth. The UN Sustainable Development Goals (SDGs) [5] s able to be 
accomplished with the help of the conception of Social 5.0 for future societies. The dedicated 
concept of “Society 5.0 for SDGs” is briefly introduced in Figure 2. As seen in the illustrated 
figure, Society 5.0 embraces the entire concepts of the SDGs. 

 

 

Figure 2: Schematic illustration of relationships between Society 5.0 and Sustainable 
Development Goals. 

The concept of Society 5.0 is defined as “a human-centred society that balances economic 
advancement with the resolution of social problems through a system that highly integrates 
cyberspace and physical space” [6]. Society 5.0 also handles social events, such as a healthy 
and good life, smart and sustainable agriculture approaches, prosperity, access to clean water 
and food, and gender equality. Because of the concept of sustainable energy policy,  safe and 
smart waste management, economic growth, efficient production, and sustainable 
infrastructure systems, there is a strict connection between Industry 4.0 and SDGs [7]. The 
sustainable infrastructures connect with SDGs regarding smart agriculture and food, e-
learning systems, empowering women and remote sensing and oceanographic data [8]. It is 
thought that the efficient location identification system according to real-time position for the 
drivers will reduce greenhouse gas emissions by constructing efficient infrastructures (such 
as; roads, bridges, and tunnels) and so, building smart cities [9]. Japan tries to lessen the 
influence of natural disasters through the establishment of effective control systems. It is 
aimed to execute smart food and agriculture applications for a sustainable society through 
Society 5.0 [10, 11]. Smart energy-saving lighting practices are used along with solar energy 
strategies at residences. [12]. 
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2. LITERATURE REVIEW 

The emergence of new materials and corresponding devices will be critical in a coming 
society called Society 5.0. Smart materials are reactive materials that have the ability to alter 
their own features in response to some changes in external environmental conditions. 
Encyclopedia of Chemical Technology Materials ‘smart materials and structures are those 
objects that sense environmental events, process from sensory information, and then act on 
the environment’ [13]. They have become the basis for many new technological 
enhancements due to their stimuli-responsiveness behaviour and autonomous characteristics. 
Smart materials have remarkable features that can be altered by outer environmental 
conditions, such as magnetic and electric fields, temperature, pH, moisture and stress [14]. 
Smart materials are described as advanced and/or intelligent materials that react smartly to 
external conditions. Although the term “smart material” was first used in the 1980s; it is 
known that many materials realizing smart behaviour have been available more than 30 years 
ago. [15]. Smart materials and smart systems, in a manner of a larger view, comprise systems 
with sensors and actuators that are either implanted in or connected to the system to create a 
complementary component. The system and cooperated elements of the system constitute a 
structure that will perform in an anticipated mode and eventually serve in a way that mimics a 
biological system, typically like a living organism [16, 17]. In that manner, the future 
engineering systems' capability is based on the ability to combine and perform smart materials 
in terms of sensors, actuators, and control systems. If speaking with a view of Society 5.0, 
new materials should ensure reliability and good quality and be as green and smart. The 
ability of smart materials to adjust themselves to the external environment and the various 
system conditions is essential for these kinds of systems. Besides, the possibility of using 
control signals to alter the materials' properties leads to the possibility of designing innovative 
systems in diverse applications [18]. 

Smart materials are generally categorized as active and passive according to behaviour 
responding to external stimuli. Defined as passive, Smart materials can transfer energy. For 
instance, optical fibres are capable of transferring electromagnetic waves. Defined as active 
smart materials, they are also divided into two subcategories: when exposed to external 
stimuli, it is a type that cannot alter its features and another whose ability to convert one form 
of energy to another. Respectively, one belonging to kind is photochromic glasses, which are 
due to change only their colour when placed under light, an example of another is given as 
piezoelectric materials that can generate an electric charge under applied strain [19].  

The word "smart" in defining these material groups is underlying because they act as actuator 
and sensor. This material group has some impressive properties differentiating it from 
conventional materials. Such properties are given in the following [19, 20, 21]: 

transiency: having the ability to respond to diversified types of stimulation. 

immediacy: having the ability to respond to external stimuli immediately. 

self-actuation: aving the ability derived from internal to change their properties, such as form 
and appearance. 

selectivity:  the reaction is expected and distinguished  
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directness: both reaction and action occur in the exact location. 

self-diagnostic: having the ability to detect any changes in itself. 

self-healing: having the ability to heal itself. 

Depending on their act response to environmental stimulations, they are classified into various 
types, such as piezoelectric materials responding to electricity and pressure, electrorheological 
fluids reacting with an electric field, shape memory alloys responding to thermal and pressure, 
magnetostrictive materials responding to a magnetic field, chromic materials reacting with 
varied types of stimulants (such as; temperature, light, field, loading, etc.), 
magnetorheological fluids reacting with a magnetic field, pH-sensitive materials responding 
to a pH variation [22]. They have been shortly explained sections below. 

 

2.1. Types of Smart Materials  

2.1.1. Piezoelectric Materials 

The piezoelectric effect was first discovered by Pierre and Jacques Curie in 1880 [23].  
Piezoelectric materials used as actuators are generally designated piezoelectric ceramics, 
unconventional materials with noncentrosymmetric structure. They have two unusual 
properties that make them unique, named the converse piezoelectric effect and the direct 
piezoelectric effect. [24]. While piezoelectric materials with the direct piezoelectric effect can 
produce an electric charge during mechanical deformation, piezoelectric materials with the 
inverse piezoelectric effect can create changes in the strain under the applied electric field. 
The piezoelectric materials with the direct piezoelectric effect are principally utilised in 
sensors, while piezoelectric materials with the inverse piezoelectric effect are typically 
employed in actuators [25]. They have been used in various applications. The micro-
positioning accuracy, tyre pressure sensors, seat belt buzzers, airbag sensor, power generation 
in autos, knock sensors, high-precision autofocusing for cameras and piezo fuel injectors are 
one of the major employers of piezoelectric material applications [26, 27, 28, 29,30 , 31].  

 

2.1.2. Shape Memory Alloys (SMA) 

Shape memory alloy (SMA) or “smart alloy” was first discovered by Arne Ölander in 1932 
[32]. After that, the term “shape memory” was first used for polymeric dental materials by 
Vernon in 1941 [33]. These material groups have the ability to change in form with 
temperature variations. The characteristic that makes them distinct from others is that they can 
remember their starting form when exposed to related stimulants. This phenomenon is called 
the shape memory effect. These shape changes occur during the transformation of martensite 
and austenite each other, phases that are stable at different temperatures [34]. The 
implementation of these group materials is relatively easy. The material is deformed with an 
applied force. Then, it will return to its initial form when heated above a specific temperature, 
either by heating internally or externally, or a magnetic field for called-magnetic shape 
memory alloys [35]. The significance of these material groups was realised in 1962 after 
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William Buehler and Frederick Wang demonstrated the shape-memory effect of nickel-
titanium alloy [36, 37]. Since then, both interest and demand for related materials for 
engineering applications have been growing in countless commercial areas, such as and 
micro-electromechanical systems (MEMS), biomedical, aerospace, composite, mini actuators, 
automotive, damping and robotics [38, 39, 40, 41, 42, 43]. 

 

2.1.3. Magnetostrictive Materials 

Magnetostriction is a phenomenon in which material is reversibly deformed through a 
magnetic field [44]. Magnetostriction was first discovered in 1842 by Joule, so it was also 
named the “Joule effect” [45]. He observed that a material sample altered the length under a 
magnetic field. When it came to 1864, Villari uncovered the reverse effect of 
magnetostriction, called the “Villari effect”. It was observed that the change in the 
length/volume of a magnetic material can induce the change of magnetization [46]. 
Magnetostrictive materials have the ability to change their sizes under a magnetic field and 
return their actual sizes after removing the magnetic field [47]. Magnetostriction is a 
reversible material characteristic. When removing the magnetic field, the magnetostrictive 
material form starts back to its initial dimension at the beginning. Magnetostrictive materials 
can be classified into positive and negative magnetostrictive. These are the expansion, called 
positive magnetostriction, or contraction, called negative magnetostriction, in relation to a 
longitudinal magnetic field. They might be contracted or relaxed by altering the magnetic 
field [48]. Magnetostrictive materials are used and continuously investigated in numerous 
fields, such as reaction mass actuators, electro-hydraulic actuator, remote microactuator, 
magnetic field sensors, biodegradable mechanically active implants, sonar transducers, 
wireless linear micro-motor, torque sensors, wireless rotational motor, energy harvesters and 
drug delivery [49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59]. 

 

2.1.4. Electrostrictive Materials 

Many recent innovations in electroceramics have employed the nonlinearities of material 
characteristics with factors such as electric field, temperature, and frequency. The nonlinear 
dielectric behaviours have opened new areas in communication and electronics [60]. The 
electrostrictive material group is capable of changing its size when exposed to electric fields. 
In the materials with electrostrictive characteristics under the electric field, the ions are 
removed from their actual positions, and correspondingly, the dimensions in the material are 
changed. The electrostrictive effect exists in every material and is not limited by symmetry. 
Therefore, the electrostrictive effect expresses the nonlinear characteristic of the strain under 
the applied electric field [61]. Piezoelectric materials also exhibit this kind of characteristic; 
however, there are some significant differences between them and some limitations. Although 
piezoelectric materials are the dominant transduction material in ultrasonic and sonar 
implementations, they have some limitations, such as distortion resulting from ferroelectric 
nonlinearities, mechanical limits based on fractures, and thermal limits because of the 
consequence of energy dissipation. For these reasons, there is a need for the development of 
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electrostrictive materials as a new material group in transducers [62]. Typical applications 
belonging to electrostrictive materials are in deformable mirrors for large ground-based and 
space telescopes, drivers for relays and switches, micropositioners for robots, , a steerable 
guide wire (catheter), laser communication systems and automatic focusing for movie 
cameras [63, 64]. 

 

2.1.5. Magnetorheological Fluids  

Magnetorheological (MR) fluids are smart materials which exhibit a reversible and rapid 
transition from a liquid to a nearly solid state under magnetic fields [65]. Magnetorheological 
(MR) fluids are an example of field-controllable materials. Their rheological behaviours are 
altered through a magnetic field applied [66]. The magnetorheological (MR) phenomenon is 
generally attributed to the field-induced magnetization of the suspended particles. The 
suspension has a low viscosity in the absence of magnetic fields. In the presence of a 
magnetic field applied, the particles magnetize and therefore, attract one another along the 
field lines, creating anisometric assemblage to the full extent of the system. The field-
dependent mechanical strength of magnetorheological fluids depends on various qualities 
such as volume fraction, composition, and particle size [67]. The viscous features of these 
kinds of materials can be modified by changing the magnetic field. The mechanical strength 
alters for field-dependent MR fluids depending on particle size, volume fraction and 
composition. Also, the viscous characteristic of magnetorheological fluids can be adjusted by 
changing the applied magnetic field [68]. The essential parameters affecting the behaviour of 
magnetorheological fluids are intensity and type of magnetic field, volume ratio of dispersed 
particles, viscosity of fluid, morphological characteristic of dispersed particles, geometry of 
stream, density of continuous fluid and operational condition [69]. The exceptional 
characteristic of magnetorheological fluids makes them outstanding candidates for 
applications such as active control of vibrations or torque transmission in mechanical systems. 
Typical applications belonging to magnetorheological materials are control valves, shock 
absorbers, seismic vibration dampers, brakes and artificial joints [70, 71, 72, 73]. It is used to 
control thermal energy transfer and for sound propagation, biomedical applications and 
chemical sensing applications. [74, 75, 76, 77]. 

 

2.1.6. Electrorheological Fluids 

The electrorheological effect was discovered by Winslow seventy-five years ago [78]. The 
electrorheological effect continued to remain a curiosity until the 1980s, when advances in 
experimental and theoretical were eventualized [79]. Electrorheological fluids (ERFs) are 
colloids that are capable of altering their viscosity or solidification behaviour against an 
electric field applied. That rheological behaviour is reversible. The response time to changing 
electric fields can be as short as a few milliseconds [80]. Each solid particle would be 
polarized with a sufficient dipole moment under an electrostatic field because of the dielectric 
constant dissimilarities between the solid particles and the liquid. The induced dipole-dipole 
interaction indicates that the particles tend to create columns along the field. The generation 
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of columns is why electrorheological fluid in the high-field state exhibits solid-like behaviour 
in the direction perpendicular to the external electric field [81, 82]. There are diverse 
industrial applications of electrorheological fluids in actively tuned hydraulic valves, vibration 
absorbers, vibration dampers, vibration isolators, shock absorbers, clutches,  shock absorbers, 
and clutches. It is benefited from these material groups for structure base isolation and 
electroactive actuators because they can overwhelm defects caused by particle aggregation 
and sedimentation [83, 84, 85]. 

 

2.1.7. Chromic Materials 

These smart material groups can be classified into subgroups according to which 
environmental conditions it responds to. The stimuli-responsive chromic material group has 
attracted significant attention in implementing switches, sensors, and displays. Generally, they 
are named photochromics, solvatochromics, mechanochromics, magnetochromics, 
electrochromics, hydrochromics, biochromics and thermochromics.  

 

a) Mechanochromism, is related to alterations in absorption and/or fluorescent colours that 
happen in reply to changes in mechanical forces such as extension and compression. The 
photophysical properties concerning materials that undergo mechanochromism are based on 
the molecular structures of materials and the modes of assembly [86]. Molecules or material 
systems that change their optical properties by applying a mechanical stimulus are called 
mechanochromic materials. These changes are often observed as a changes in emission 
wavelengths or transmitted wavelengths. The changes can also be observed in lifetime and 
emission intensity. The phenomena of mechanochromism originated from one or more 
interactions in which light interacts with the molecular systems from a single molecule to 
supramolecular length scales [87].  

 

b) Thermochromism is associated with a material having the ability to change its colour due 
to shifts in the ground-state structure at diverse temperatures [88]. The temperature as a 
stimulus can change the crystal structures of thermochromic material, alter the three-
dimensional position of atoms, or rearrange atoms in molecules without altering chemical 
compounds in themselves  [21]. Thermochromic materials are described as changes in colour 
when temperature changes take place at defined temperatures [89]. For instance, 
thermochromic devices can be used as a valuable solution to lessen the solar radiation 
entering buildings. In addition, the buildings generate internal heat derived from occupants 
and internal loads such as lighting and other devices used. Thermochromic materials can be a 
helpful solution to adjust heat from solar irradiation [90]. 

 

c) Photochromism, is the reversible photo-induced transformation between two distinct 
forms of a chemical species -isomers- (whose absorption spectrum is distinguishably 
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different) under the impact of photons [91]. The physical properties, such as electron 
conductivity, absorption and emission characteristics, electrochemical properties, magnetic 
properties, and refractive index, may be adjusted by light in reversible photoisomerization 
[92]. By controlling the light intensity, it is possible to control the photokinetics of the colour-
switching reaction. Thus, the photokinetics of the colour-switching serves information 
technologies such as recording, erasing, and rewriting [93]. Photochromism has attracted 
significant attention after the improvements of photochromic glasses. Sunglasses that protect 
human eyes from UV light or intense sunshine can be an excellent example of applying 
photochromic material [94].  

 

d) Electrochromism, is a phenomenon associated with materials that can be reversibly varied 
between the transparent and distinct colours through an electrochemical redox 
(oxidation/reduction) reaction [95]. The reversible bond-coupled electron transfer (BCET) is 
an essential element for electrochromism  [96]. The electrochromism phenomenon first 
appeared in the literature in the early 1960s [97]. Since then, electrochromism has been 
revealed in various organic and inorganic materials and has been employed to devise contrast-
based displays and various other technologies.  

The electrochromic material is essentially categorised into three groups [ 98, 99, 100]. In so-
called Type I, the colouring species stay in solution at all times during electrochromic usage; 
in so-called Type II, the reactants are in solution, but the coloured products form a solid on 
the surface of the electrode; all materials are solid form in Type III. Type-I is used for anti-
dazzle or rear-view mirrors in cars; Type-II is used for more oversized mirrors in commercial 
vehicles; and Type-III is used for smart windows [101]. Electrochromic materials are being 
developed for using smart windows, emerging energy-saving advances in buildings. 
Electrochromic coatings for controlling light transmission are significant in applications such 
as switchable mirrors for buildings and automobiles [102]. 

 

e) Magnetochromicsm is a phenomenon associated with changing colour when applying a 
magnetic field. The magneto-optical property in the presence of complex mixed metal 
compounds is designated magnetochromic when it appears in the visible region of the 
spectrum. [101].  

Developing a magnetically responsive photonic crystal opens a new field for display 
technologies. Even novel solid magneto chromic photonic crystals that enable colourimetric 
reactions to an alternating magnetic field (AMF) have still been studied. [103, 104]. 
Magnetically tunable chromatic microactuators have a crucial role in colour modulation, such 
as the benefits of contactless control and easy implementation into devices. A magnetically 
tunable chromatic microactuator can be designed to utilize the optical and magnetic 
behaviours of self-assembled super-paramagnetic nanoparticles embedded in a polymeric 
structure. The original colour can be arranged during a simple photolithography process, and 
the colour can be adjusted by applying and changing an external magnetic field These kinds 
of microactuators are skilled in acting as pixels in colour-changing patterns [105]. 
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Magnetically tunable photonic systems continue to develop, which provides a new platform 
for chromatic applications [106, 107].  

f) Chronochromism is a phenomenon associated with processes where a change of colour 
occurs concerning a defined period. They are typical examples of chronochromic cases since 
the colour changes occur by one of the other chromic phenomena such as photochromism, 
thermochromism, ionochromism or gasochromism [101]. 

Design of systems is constructed to allow the changes in their colours to occur over a 
predetermined period using pH indicators, leuco dyes and photochromic materials placed in 
surroundings. One example of regarding application is the usage in toothpaste. That kind of 
toothpaste is obtained by using sodium ascorbate and Methylene Blue. While brushing the 
teeth, the two chemicals interact with each other, and therefore, the dye is transformed into a 
colourless product. Thus, the entire disappearance of the original blue colour at the beginning 
indicates that the time spent brushing teeth is enough. [108]. Especially for kids, it is a helpful 
and practical application. Another application field to be used chronochromic products is as 
visual measurement tools, so-called ‘‘time-temperature indicators’’ (TTI), for determining the 
duration history of packaged foodstuffs, pharmaceutical and medical products regarding 
response to temperature over a time period [109, 110]. 

 

g) Hydrochromism is a phenomenon that covers colour change on the interaction of bulk 
water or humidity with a substrate [111]. It is possible to classify the humidity-sensitive 
materials into four groups, porous ceramics, organic polymers, electrolytes and zeolites. 
Among these, functional ceramics have a crucial role due to their superior mechanical 
strength, high chemical resistance against most environments, and good reproducibility [112, 
113].  

Hygrochromic materials change colour in response to moisture or contact with water. 
Humidity sensors are used extensively in industry and to monitor environmental conditions. It 
also has across-the-board applications, such as in the food packaging industry. Moisture 
existing inside the package can accelerate the deterioration of food. Because of that, 
desiccants are often added to the package to extend the shelf-life of food products [114]. One 
of the most successful commercial hydrochromic products involves the conversion of an 
opaque white layer, containing a white pigment of low refractive index, into a transparent 
clear layer on interaction with water. The process is reversible. The layer becomes opaque 
again after becoming dry [115, 116]. The papers coated with hydrochromic materials enable it 
to rapidly and precisely map human sweat pores of feet, fingers, and palms [117]. Designing 
an umbrella with that material for the fashion field can lead to an aesthetic outlook on rainy 
days [118]. Systematic studies of dyes exhibiting hydrochromic behaviour have still been 
undertaken to produce a printing system which uses rewritable, water-jet paper [119, 120]. 

 

h) Solvatochromism is a phenomenon associated with the changes in position, intensity, and 
shape of the chromophore's UV–VIS absorption spectrum in a solvent of different polarity. 
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Positive solvatochromism refers to the chromophore's absorption, which has a neutral ground 
state showing a red shift with increasing solvent polarity. The blue shift in the absorption with 
increasing solvent polarity is called negative solvatochromism [121].  

In applying solvatochromic materials, different detectors of chemical agents, which contain 
selectively soluble pigments in these agents, can also be added. Paper chemical agent 
detectors were designed during the 1960s and have been widely used in military applications. 
These detectors consist of a paper incorporating dyes. Each dye is sensitive to a distinct 
family of chemical agents. When chemical agent react with the specific dyes embedded on the 
paper surface, colour changes on the paper are generated. Thus, the type of chemical agents 
can be detected depending on colour changes [122, 123]. In another application of paper 
chemical agent detectors, paper chemical detectors are attached to personnel's clothing or 
equipment. Thus, personnel are immediately determined whether any liquid contamination is 
exposed. [124]. Another possibility is the production of textile materials containing chemical 
agent detectors by layer coating, allowing a short reaction time for the detector [125]. 

 

i) Biochromism is is a phenomenon associated with changes in the specifically created 
molecules subjected to a chromic transition on interfacing with a biological substance. Most 
studies in this field cover the utilisation of modified conjugated polymers, polydiacetylene 
and polythiophenes as biosensors in the form of membranes, mono and bilayer lipids, and 
vesicles [126]. The phenomena of colour changes when interacting with polydiacetylenes are 
often called affinochromism. On the other hand, the colour change phenomenon is often 
called affinitychromism, if the colour change is observed in polythiophenes. Polydiacetylenes 
(PDAs) form the basis of many biochromic sensors for diverse applications, including the 
detection of enzymes, antibiotics, viruses, bacteria and heparin, showing the usual rapid 
colour change from blue to red [127].  

 

2.1.8. Self healing Properties 

One of living organisms' most fascinating and valuable features is their self-healing ability 
after damage. When we look at human skin, it has been known that it heals after wounds of 
various degrees. Contrary, synthetic materials tend to degrade over time due to operation 
conditions such as fatigue, corrosion or damage. Self-healing materials are being intensively 
investigated by inspiring nature. Studies aim to get them to acquire self-repair ability by 
mimicking biological systems [128]. The considerable materials group exhibiting self healing 
is polymeric materials. The ample design capacity of polymeric systems allows too many 
creative ways to stimulate their self-healing qualifications [129]. 

Self-healing materials are classified into two classes, depending on the strategy of the self-
healing process. They are called autonomics and non-autonomics. Non-autonomic forms of 
healing need a stimulus, such as heat, chemicals, and light, to initiate the healing procedure. 
The autonomic self-healing materials do not need external stimuli; the occured damage or 
crack is enough to start the healing procedure. This concept is attributed to a self-adaptive 
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system because the detecting and repairing process happens autonomously and 
simultaneously in the structure. In this structure, the damage is detected by sensors while 
actuators execute the repairing process [130]. Another classification relevant to the self-
healing process is also used to distinguish characteristics of self-healing materials. They are 
called ’extrinsic’ self-healing and ‘intrinsic’ self-healing. Extrinsic means that material does 
not have an inherent ability to heal itself. The healing is executed by intentional components, 
like microcapsules or nanocapsules, implanted into the structure of materials to provide 
healing  [131]. Capsule-based and vascular methods inspired by biological systems are the 
principal approaches to acquiring healing functions. Various agents are broadly researched to 
satisfy the needs for challenging applications of smart materials. Inner self-healing, on the 
other hand, does not require additional healing agents [132]. 

The first fully automatic self-healing material was reported in 2001 [133]. An encapsulated 
agent is implanted into the structure in that study. The composite structure also includes 
catalysts to lead the polymerization with the healing agent. When damage occurs within the 
material structure, the fracture breaks the embedded microcapsules. Then, the healing agent is 
released into the crack zone through capillaries caused by the crack. As soon as the healing 
agent contacts the catalyst, polymerization is triggered. As a result of the polymerization 
process, the crack starts to heal. Thus, the damage arising from any external conditions is 
healed. 

Applications concerning self-healing materials include electronic skins (E-skin) [134], field 
effect transistors (FETs) [135], capacitive touch screen sensors [136], humidity sensors [137], 
motion sensors [138], biosensors, wire-shaped supercapacitors [139], coating for photovoltaic 
devices [140]. As self-healing materials continue to be developed rapidly, devices including 
these kinds of materials will finally be applicable in more difficult working environmental 
conditions, such as deep sea or outer space. More importantly, these material groups have the 
possibility to lessen electronic waste through their autonomous repairing functions and assist 
sustainability [128]. 

 

3. CONCLUSIONS and OUTLOOK 

Many social events, such as health, poverty, prosperity, decentralized renewable energy 
networks, easy access to food and clean water, prevention of natural disasters, gender 
equality, E-learning systems, and smart agriculture practices are handled in UN SDGs. 
Circular economic growth, smart waste management systems, new working models, 
sustainable and more efficient production, , and reasonably and sustainably infrastructure 
systems are suggested for everyone regardless of sex, age, language, and region for a new 
human-centred society. In order to have a high quality of life in the surrounding environments 
in which they live for all people, it is clear that it should be considered economic and social 
factors along with climate and environmental issues. To reach the esteemed society, the future 
society mentioned here plans that the big data gathered from cyber-physical systems (CPS) 
(via sensors and devices) through the Internet of Things (IoT) are processed by Artificial 
Intelligence (AI). As actuators and sensors, smart materials play an essential role in operating 
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the Internet of Things (IoT) and  Artificial Intelligence (AI), such as robotics and 
human−computer interaction. The developments in smart technologies will help solve and 
support worldwide societal challenges and global environmental issues. 
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