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GRAPHICAL ABSTRACT 

 

 

ABSTRACT 
 
Design of new materials with a multi-functional capability has become a 
key research focus in all materials science and engineering discipline in 
the recent past. A “smart material” is one having a structure at the 
nano-structural level that responds in a particular and controlled way to 
influences upon it. These range from magnetically-changed materials, to 
“memory” molecules that return to their original form, to materials that 
generate an electric charge when pressed, twisted, or warped. In some 
extent, a structure made by this material or more than one type of this 
material incorporated with an appropriated sensor system has been well 
defined as a “smart structure”, that can be used for the implementation 
of a damage and performance detection strategy for aerospace, civil 
and mechanical engineering and other applications. Since the last 
decade, an increasing interest in the development of miniaturized 
structures and systems, particularly on micro and nano-
electromechanical systems (MEMs and NEMs), and integrated biosensor 
systems has evolved a new page in the area of smart materials and 
nanotechnology. 
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1. INTRODUCTION 

 
Smart materials are demarcated as materials 
with properties engineered to change in a 
precise manner under the impact of external 
inducements in response to their environment. 
These external influences include thermal, 
mechanical, optical, magnetic fields, electric 
charge, force, moisture, pH. Recent examples of 
smart materials include self-healing polymers 
that release healing agents upon structural 
damage, electronic paper displays, whose ink 
appears or disappears depending on electrical 
charge, and meta-materials that serve as an 
“invisibility cloak” to make objects invisible at a 
particular wavelength, smart materials may have 
a wide range of potential applications in 
medicine, and many of them, including 
thermoresponsive hydrogels, switchable 
surfaces, and photoresponsive materials, have 
already been explored in this capacity. Smart 
materials are mainly classified into the following 
types, 
 
a. Piezoelectric 
b. Shape Memory Alloy 
c. Optical fibre 
d. Magnetostrictive 
 

 
Fig. 1 Classification of Smart Materials 

 
Piezoelectric: 
 

Piezoelectric materials are used for both sensing 
and actuating devices which exhibit an electrical 
polarization with an applied mechanical stress 
(direct effect), or a dimensional change with an 
applied electric field (converse effect). When 
subjected to an electric charge or a variation in 
voltage, piezoelectric material will undergo 
some mechanical change, and vice versa. These 
events are called the direct and converse 
effects. Lead zirconate titanate (PbZr1-xTixO3) is 
the chief piezoelectric material as it may be 
doped to produce an n-type or p-type material 
with a range of dielectric constants to meet the 
requirements of numerous applications. Lead 
Metaniobate (PbNb2O6), Barium Titanate 
(BaTiO3) and Lead Titanate (PbTiO3) are other 
types of piezoelectric materials. 
 
Shape memory alloys: 
 
Shape memory alloys are subjected to a 
mechanical load below a certain temperature 
these special materials will undergo phase 
transformations which will produce shape 
changes i.e., plastically deformed beyond their 
elastic limit but then are capable of retrieval 
their original shape if they are then heated 
above a certain temperature. Nickel-titanium is 
the best common Shape memory alloy with best 
shape memory properties having relatively low 
transformation temperatures, cannot match the 
outstanding shape memory capabilities of Ni-Ti. 
Cu-Zn-Al and Cu-Al-Ni are the common ternary 
Cu-based systems which can achieve commonly 
a shape memory strain of 4 to 5% (compared to 
about 8% for Ni-Ti) and have a broader range of 
transformation temperatures Iron-based alloys 
like Fe-Mn, Fe-Mn-Si, Fe-Pt, Fe-Ni, Fe-Ni-Co and 
Fe-Pd exhibit shape memory but these are not 
capable of regaining their shape to the same 
extent as nickel-titanium and copper-based 
alloys. 
 
Magnetostrictive: 
 
When an external magnetic field is applied, 
magnetostrictive material will undergo an 
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induced mechanical strain i.e., change in shape 
which is used in actuators contrary to this effect 
is called piezomagnetism which is used in 
sensors, where a magnetic field is 
produced/altered upon application of a 
mechanical strain. Ferromagnetic materials like 
Fe, Ni, Co etc. can exhibit magnetostriction to 
some extent and rare earth elements have 
exhibited considerably higher magnetostriction 
which limits to lower than room temperature. 
Nickel-based alloys and particulate composites 

are common magnetostrictive materials which 
contains magnetostrictive particles. 
 
Optical Fibres: 
 
Optical Fibres are excellent sensors which use 
intensity, phase, frequency or polarization of 
modulation to measure strain, temperature, 
electrical/magnetic fields, pressure and other 
measurable quantities. The reaction for the 
incitement, advantages and disadvantages of 
various smart materials are tabulated in table 1. 

 

Table 1: Different Smart materials 

S. 
No. 

Material Stimulus Response Advantages Limitations 

1 
Piezoelectric 
Material 

Stress, 
Electric field 

Electric 
charge, 
Mechanical 
strain 

High bandwidth, 
Frequencies and Low 
power Actuation 

Limited Strains, Auxiliary 
Equipment 
needed, Low material tensile 
Strength, Typically brittle 
materials, Limited 
temperature range 

2 

Shape 
Memory 
Alloy 

Thermal field 
Original 
Memorized 
shape 

High energy density, 
material strength, 
Elasticity and Large 
forces 

Low bandwidth, Low 
frequencies, High hysteresis, 
Limited temperature range 

3 Optical Fiber 

Temperature, 
pressure, 
Mechanical 
strain 

Change in 
Opto-
electronic 
signals 

High elastic strain 
limits, fracture 
toughness, flexibility 
in bending,  
sensitivity to strain 

- 

4 

Magneto-
Strictive 
material 

Magnetic 
field 

Mechanical 
strain 

High frequencies, 
temperature range 
and Contact-less 
control via magnetic 
field 

Generation of magnetic field 
equipment intensive, Limited 
strains, Low material tensile 
strength, Typically brittle 
materials 

 

Nanoscience and Nanotechnology: 
 
Today Nanoscience and Nanotechnology offer 
an incredible potential for the conceptual 
design and the practical realization of radically 
new smart materials that can help solve some 
of the global challenges. Nanotechnology is 
rapidly entering the world of smart materials 

and taking them to the next level. These new 
materials may incorporate nanosensors, 
nanocomputers and nanomachines into their 
structure. This will enable them to respond 
directly to their environment rather than make 
simple changes caused by the environment. 
 
Applications of smart nanomaterials: 
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Smart materials are having prospective 
applications in medicine and many of them, 
including thermoresponsive hydrogels 

switchable surfaces, and photo-responsive 
materials. Another prominent motivation of 
the quest for synthetic materials with 
dynamically controlled properties is their 
potential use as dynamic blueprints in time-
resolved self-assembly.  
 
In the future scientists may be able to produce 
nanoparticles that can be incorporated in 
paints to efficiently capture solar light and 
convert it into electric energy at a low cost; or 
nanomaterials that can allow the design of new 
batteries with high power content and light 
weight. Nanoelectronic devices like 
nanocomputers that can be incorporated in 
textiles and clothing and provide new 
functions like a change in hardness as a 
consequence of an impact.  Probably, the field 
where smart nanomaterials are going to have 
the largest impact is in healthcare and 
medicine. Implants and prostheses made from 
materials that can modify their surfaces and 
bio-functionality to increase biocompatibility; 
or specific functionalized nanoparticles that 
are able to deliver drugs and antibiotics in 
specific areas of a living organism; or synthetic 
“cells” that can produce protein drugs when 
triggered with light. 
 
Despite this encouraging progress, the 
implementation of switchable properties will 
continue to be one of the central obstacles in 
nanomaterial science in the decades to come. 
Ultimately, imparting dynamic properties to 
nanomaterials will result in systems where the 
materials themselves will be the actual active 
device. 

 
a. Energy generation and conservation with 

highly efficient batteries and energy 
generating materials 

b. Security and Terrorism Defence with smart 
materials that can detect toxins and either 
render them neutral, warn people nearby or 
protect them from it. 

c. Healthcare, with smart materials that 
respond to injuries by delivering drugs and 
antibiotics or by hardening to produce a cast 
on a broken limb. 

d. Implants and prostheses made from 
materials that modify surfaces and bio-
functionality to increase biocompatibility 

e. Smart textiles that can change colour, such as 
camouflage materials that change colour and 
pattern depending upon the appearance of 
the surrounding environment. These 
materials may even project an image of what 
is behind the person in order to render them 
invisible. 

 
Conclusion 
 
Smart materials have already been used and 
are now an intrinsic part of our society. 
Nanoscience and nanotechnology is essential 
for the development for smart materials, 
acting as a tool which can change the 
properties of structures and involved in 
development of smart materials. Nanoscience 
and nanotechnology today offer an incredible 
potential for the intangible design and the 
practical realization of fundamentally new 
smart materials that can help solve some of the 
potential global societal challenges. 
Nanotechnology and smart materials are 
crucial for future technology developments 
and it will directly and indirectly impact our 
everyday life sooner or later.  Though some 
people argue that smart materials are from 
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nature and they can survive themselves and 
nanoscience and nanotechnology is not 
necessary for development for smart materials. 
Nanotechnology and Smart Materials provides 
together provides plethora of advantages 
where engineers and scientists working on 
nanoscience and nanotechnology and smart 
materials all around the world freely get 
together and discuss. 
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