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ABSTRACT

Electronic state of a material is an arrangement allowed by the laws of quantum mechanics of electrons within an atom,
molecule or system of molecules. Low-cost nano materials single wall carbon nano tubes and multi walled carbon nano
tubes based on semiconductor devises. In case of a metal, the quasi-continuous density of states in the valence and
the conduction bands splits into discrete electronic levels, the spacing between these levels and the band gap increases
with decreasing particle size. Discussion of electronic and optical properties of carbon nano tubes depends upon size,
morphology and synthesis methods. They are smaller than the wavelength of visible light and a hundred-thousandth
times the width of a human hair. At this range, unusual properties of materials emerge out that can be applied to yield
technologies and products with undividedly new abilities and applications.
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Engineered Electronic State of Nanomaterials:- Nano-
materials are the soul of nano engineering and nanotech-
nology. These materials possess at least one dimension
in the 10-9 m, nanometer, range which is one billionth
of a meter. In nanomaterials surface-to-volume ratio
increases (Siegel et al, 1993; Collins et al, 2000, Alaga-
rasi 2011). The number of atoms on the surface may be
similar to or higher than those located in the crystalline
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lattice core and the surface properties are no longer neg-
ligible. When no other molecules are adsorbed onto the
nano crystallites, the surface atoms are highly unsatu-
rated and their electronic contribution to the behavior of
the constituent particles is absolutely diverse from that
of the inner laying atoms. Electronic State of a mate-
rial is an arrangement allowed by the laws of quan-
tum mechanics of electrons within an atom, molecule
(or system of molecules) (Bate et al, 1975; Frolov et al,
2001).
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FIGURE 2. Quantization in one dimension i.e. 2D strucutres (Quantum well), two
dimensions i.e.1D, three dimensions i.e. 0D (Frolov et al, 2001).

Fig. 1.1 and 1.2 give the electronic structure of bulk
semiconductors and low dimensions respectively. In
bulk, the electrons in conduction band and holes in
valence bands have degree of freedom in all 3 dimen-
sions.

As the size of the nanoparticle increases, the band
structure evolves gradually i. e., molecular orbital
change to delocalized band states. Figure 1.3, shows
the size quantization effect which leads to conversion
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FIGURE 3. Engineering electronic states of nanomateri-
als using size quantization effect (Kim et al, 2011)

between a bulk metal or semiconductor, and cluster spe-
cies. In case of a metal, the quasi-continuous density
of states in the valence and the conduction bands splits
into discrete electronic levels, the spacing between these
levels and the band gap increases with decreasing parti-
cle size (Mekala et al, 2000; Bogue at el, 2010; Medintz
et al, 2005). In the case of semiconductors, a band gap
already exists in the bulk state. This band gap increases
as the size of nanoparticle decreases and the energy
bands gradually convert into discrete molecular elec-
tronic levels (Kim et al, 2011; Patil et al, 2012; Sharma
et al, 2013 Tripathi et al, 2016).

Engineered Nanomaterials are the manipulated mat-
ter on the nanoscale. Electronic states of nanomaterials
can be engineered by tuning the following parameters:
Size, aggregation or dispersion state and the extent of
dissolution.

Size, morphology, and aggregation state

Some Engineered nanoparticles dispersions may have
narrower size distributions than their naturally occurring
counterparts as nanomaterials produced anthropogeni-
cally are tailored for specific, size-dependent properties;
whereas, naturally occurring nanomaterials generally
will not have such restrictions. One other technique
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capable of sizing nanoparticles is single particle induc-
tively coupled plasma mass spectrometry (SP-ICP-MS),
which can provide element-specific information about
individual particles that are ablated in the plasma (Pace
et al, 2012; Mitrano et al, 2012 Tripathi et al, 2016).

SP-ICP-MS has been employed to size a diversity of
NMs such as silver, gold, and metal oxide particles in
various complex media (e.g., wastewater, bovine serum
albumin). Although this technique requires information
regarding particle shape and is currently hemmed in
by the nano particle’s size (Pace et al, 2011; Reed et al,
2012).

Dissolved ions vs. nano particulate

In spite of incidental and naturally occurring nano-
materials, various samples in environment comprise a
high concentration of dissolved ions that, when using
chemical analysis-based methods, may overestimate the
amount of material present in nanoparticle form. One
way of distinguishing between nanoparticles and dis-
solved forms of the material is through filtration meth-
ods, whereby particles can be size-fractionated, with the
remaining fraction composed of dissolved ions. Simi-
larly, centrifugation can put to use where particles may
settle out under the centrifugal force, and the superna-
tant that is decanted, should contain the dissolved forms
of the material. As the dimensions of the material is
reduced the electronic properties change radically as the
density of states and the spatial length scale of the elec-
tronic motion are reduced with decreasing size (Liu et al,
2008; Chen et al, 2012; Tripathi et al, 2016).

Electrical properties

Electrical Properties of nanomaterials hold forth the
essentials of electrical conductivity in nanorods, nano-
tubes, nanocomposites and CNT and optical properties
of nanorods as well. The low dimensions of a nanowire
and measurement of the electrical current at a constant
applied voltage is one of the methods to validate the
quantum conductance. Here with decreasing diameter
of the wire, the number of electron wave modes con-
tributing to the electrical conductivity becomes increas-

ingly smaller by well-defined quantized steps (Liang et
al, 2011; Benn et al, 2010; Danniel et al, 2004). In CNT’s,
single electron wave mode is observed that conducts the
electrical current. Different lengths and orientations of
the carbon nanotubes provide two information: (i) the
influence of carbon nanotube length on the resistance;
and (ii) the resistances of the different nanotubes.

Selected Application of Engineered Nanomaterials

Nanomaterials have extensive application in the field of
electronics, fuel cells, batteries, agriculture, food indus-
try, and medicines, etc. Nanomaterials holds supercili-
ous chemical, physical, and mechanical properties and
of their exceptional formability.

Fuel cells

A fuel cell is an electrochemical energy conversion
device that converts the chemical energy from fuel
(on the anode side) and oxidant (on the cathode side)
unswervingly into electricity. The soul of fuel cell is
the electrodes. The structure of electrode must provide
plenty surface area, maximum contact of catalyst, reac-
tant gas and electrolyte, facilitate gas transport and pro-
vide good electronic conductance (Smijs et al, 2011).

Carbon nanotubes-Microbial fuel cell

In Microbial fuel cell bacteria devour water-soluble
waste such as sugar, starch and alcohols and produces
electricity in addition to clean water. This technology
generates electricity using domestic or industrial waste-
water. Microbial fuel cell metamorphoses various poly-
saccharides substrates present in wastewaters into a
source of electricity. The performance of the fuel cell
is dominantly affected by the efficient electron transfer
between the microorganism and the anode of the micro-
bial fuel cell.

Carbon nanotubes (CNTs), due to their special proper-
ties of high chemical stability and mechanical strength
and large surface area, are ideal for the design of sen-
sors. Since carbon nanotubes promote cell growth, they
can be used to build electrodes of microbial fuel cells
(Sajith et al, 2010; Sharma et al, 2015).

Table 1. Some synthesis methods and characteristics of engineered nanoparticles

Process

Elemental Composition Examples

Characteristics

Chemical reduction Zerovalent metals Au, Ag, Fe

Mono-elemental in composition, (Au, Ag) monodisperse
and often as spheres or wires

Sol-gel Metal oxides SiO,, TiO,, ZnO, CeO, Single metal, moderate polydispersity, 2-D and 3-D
nanoscale dimension
Solvosynthesis Semiconductors CdSe/ZnS, CdTe Multi-metal composition, low polydispersity

Vapor-phase
Carbon nanotubes, fullerenes

Carbonaceous materials, metal oxides

Polydisperse, 2-D nanoscale dimension

Organic synthesis Multi-functional polymers

Carbon-based, monodisperse, 3-D nanoscale dimensions
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Phosphors for High-Definition TV

The resolution of a television screen, or a computer
monitor, greatly depends on the dimensions or size of
the pixel. These pixels are essentially made up of mate-
rials called “phosphors,” which radiate when a stream
of electrons from the cathode ray tube (CRT) is made
to impinge upon it. The resolution enhances with a
reduction in the magnitude or size of the pixels, or the
phosphors. Nanocrystals of zinc selenide, zinc sulfide,
cadmium sulfide, and lead telluride which are synthe-
sized by the sol-gel techniques turns up to be the useful
for improving the resolution of computer monitors. The
use of nanophosphors is intended to reduce the cost of
these displays so as to render high definition televisions
(HDTVs) and make personal computers to be affordable
to be purchased (Baughman et al, 2002; Niemann et al,
2008).

Next-Generation Computer Chips

The appetence for miniaturization has emphasized the
microelectronics industry, to reduce in size the circuits,
such as transistors, resistors, and capacitors. By attain-
ing a noteworthy decrease in their size, the micropro-
cessors, which enclose these components, can run much
faster, thereby enabling computations at a far greater
speed (Kimling et al, 2006; Tripathi et al, 2015). Though,
there are various technical impairments to these devel-
opments, which includes the absence of the ultrafine
precursors to produce these components; poor dissipa-
tion of large amount of heat released by these micropro-
cessors due to faster speeds; short mean time to failures
(poor reliability) etc. Nanomaterials help the industry
breach these barriers down by furnishing the manufac-
turers with nanocrystalline starting materials, ultra-high
purity materials, materials having improvised thermal
conduction, and long lasting, durable interconnections
in the microprocessors (Lakshmi et al, 1997; Srivastava
et al, 2014).

Nanowires for junction less transistors

Transistors are miniaturized to the dimension of sub
assemblies of electronic systems and deliver smaller
and smaller devices, but it is challenging to create
high-quality junctions. In particular, it is very tough to
alter the doping concentration of a nanomaterial over
distances shorter than about 10 nm. Researchers have
gained the ground in making the junction less transistor
having closely ideal electrical properties. It could pos-
sibly function faster and use lesser power than any con-
ventional transistor in the market today (Dabbous et al,
1997; Swihart et al, 2003).

The device consists of a silicon nanowire with per-
fectly controlled current flow by a silicon gate, separated
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using a thin insulating layer. The whole silicon nanowire
is heavily n-doped, proving it to be an exceptional con-
ductor. However, the gate is p-doped and its presence
has the effect of depleting the number of electrons in the
region of the nanowire under the gate. Also, the device
has near-ideal electrical properties and behaves like the
most perfect of transistors without suffering from cur-
rent leakage like that in conventional devices and oper-
ates faster and consumes lesser energy (Gopidas et al,
2003; Kimling et al, 2006).

Elimination of Pollutants

Nanomaterials possess tremendously big grain bound-
aries as compared to their grain size. Hence, they are
very dynamic in terms of their chemical, physical, and
mechanical properties. Owing to their boosted chemical
activity, nanomaterials can be used to serve as catalysts
to react with such harmful and lethal gases as carbon
monoxide and nitrogen oxide in automobile catalytic
converters and power generation equipment to prevent
environmental pollution arising from burning gasoline
and coal (Drexle et al, 2001; Tripathi et al, 2015).

Sun-screen lotion

Prolonged UV exposure causes skin-burns and cancer.
Nano skin blocks (ZnO, TiO, and BiOCl) have added
advantage as they protect the skin by resting onto it
rather than penetrating into the skin. Thus they inhibit
UV radiation effectively for prolonged duration. Addi-
tionally, they are transparent, thus retain natural skin
color while working better than conventional skin-
lotions (Tripathi et al, 2016; Tripathi et al, 2017).

Sensors

Sensors depend upon the highly active surface to initiate
a response with minute variation in the concentration of
the species to be detected. Engineered monolayers (few
Angstroms thick) on the sensor surface are exposed to
the environment and the peculiar functionality (such as
change in potential as the CO/anthrax level is detected)
is utilized in sensing (Shrivastva et al, 2014).

Nanowires based Device: The Hub for 21st Century
Nanoelectronics

The objectives of study of this topic are to gain an
understanding of nanotechnology, the fascinating tech-
nological revolution of the 21st century, to review the
evolution of nanotechnology and nanomaterials and,
to study carbon nanotubes with a view to establishing
it as nanoelectronics hub. Nanotechnology is a global
phenomenon and being one of the most interesting
and wide areas of research of the present century, it is
changing the lifestyle, creating scientific developments
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and new products that are smaller, faster, stronger, safer,
and more creditable. This embellishing field has pen-
etrated virtually into all the areas of science and tech-
nology. Furthermore, it is one big-league application of
miniaturization. In point of fact, miniaturization results
in the conception of mechanical, optical, and electronic
products and devices have usage in smaller scales mate-
rials and devices. This is done with the understanding
that items which take up less space are more desired
than items which are bulkier since they are easier to
carry, easier to store, and quite handy to use.

Nanotechnology, “the engineering technology of
21 century”, is defined as the manipulating matter at
dimensions of roughly 1 to 100 nanometers. Also, it can
be termed as the application of science, engineering and
technology to unfold novel materials and devices in dif-
ferent fields in the nano-range. A nanometer (nm) is a
measurement system used to measure small particles like
atoms and molecules and is equal to one billionth (107)
of a meter. It is smaller than the wavelength of visible
light and a hundred-thousandth times the width of a
human hair. At this range, unusual properties of materi-
als emerge out that can be applied to yield technologies
and products with undividedly new abilities and appli-
cations (Drexle et al, 2004; Onyeje et al, 2013).

In fact, at the nanoscale, physical, chemical, optical
and electrical properties of materials bear no resem-
blance from the properties of matter at either smaller
scale, such as atoms, or at the larger scales. It is antici-
pated that Nanotechnology will have an impact on
nearly every industry. Hence, the U.S. NSF has hazarded
a guess to attain $1 trillion or more within 20 years
in the global market for nanotechnologies. According
to its inventor, Raymond Kurzweil, nanotechnology is
the next technological insurgency. Consequently, the
Nanotech Age is expected to begin between 2025 and
2050, terminating the current Information Age which
began in 1990. The Nano Revolution is expected to be
at the most as transformative as the Industrial Revolu-
tion, but limited to just a few years. Materials that are
used in nanotechnology are called nanomaterials; they
are not merely an additional leap in the miniaturization
of materials, they usually need quite different synthesiz-
ing approaches. Some nanomaterials are currently at the
laboratory stage of manufacture, while some of them are
being commercialized. Although, several nanomaterials
exist till now but carbon nanotubes are widely used in
nanoelectronics and nanodevices as they exhibit exqui-
site properties (Frolov et al, 2001; Medintz et al, 2005,
Kimling et al, 2006; Moore et al, 2010).

Nanodevices

In the direction of producing nanodevices, there is the
need to understand the fundamental phenomena, the

synthesis of appropriate materials, the use of those mate-
rials to fabricate functioning devices and the integration
of these devices into working systems. Nanofabrication
interpolates the building of machines that operate on an
atomic or molecular scale. These are minor, faster and
devour less power than conventional electronics and
because you can pack so much on to one computer chip,
you can have many more functions. Such technology
has huge potential in the field of communications, data
storage, solar cells and medical applications. Nanofab-
rication is of much interest to computer engineers since
it takes one to super-high-density microprocessors and
memory chips. The usage of nanotechnology in elec-
tronic apparatuses, especially transistors is referred as
nanoelectronics. The eventual aim of nanoelectronics
is the sustained recognition of Moore’s law by deploy-
ing novel methodologies and nanomaterials to produce
electronic devices with particular sizes on the nanoscale.
Nanoelectronics often attribute to transistor devices
which are so small that inter-atomic interactions and
quantum mechanics properties need to be deliberated
extensively. In addition to being small and implanting
more transistors to be packed into a single chip, the even
and regular structure of nanotube allows higher elec-
tron mobility and a higher dielectric constant (Liu et al,
2008; Moore et al, 2010; Kimling et al, 2006; Frolov et
al, 2001; Medintz et al, 2005 Chen et al, 2012; Tripathi
et al, 2016).

Applications of Carbon Nanotubes in Nanoelectronics

Substantial interest generated by carbon nanotubes has
been in applications to electronic materials and some of
them are:

Better Solar Cells

Usually solar cells use silicon semiconductors. However,
a change occurs when carbon nanotubes are incorpo-
rated into the semiconductor. These days billions of CNTs
could be tightly packed onto solar cells and release far
more electricity per square inch than silicon as they're
so tiny.

Better Thinner TVs

In field emission, a systematic arrangement of CNTs is
used as they are excellent electron emitters. There is now
new process of displaying pictures called field emission
display. In this process, the miniaturization occurs by
using tiny electron emitters positioned behind individual
phosphorus dots displaying the excitation of the phos-
phorus dots, creating bright, high resolution displays.
With the help of CNTs we can produce TVs that are only
millimeters thick and dissipate lesser power than plasma
and liquid crystal displays.
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Better Capacitors that Replace Batteries

In a capacitor, the capacitance is a function of the sur-
face area. Due to the extraordinary high surface areas of
CNTs, use of them as the dielectrics increases the storing
capability of capacitors to compete with modern bat-
teries.

Electrical Wires and Cables

Electric wires and cables can now be made-up of pure
nanotubes and nanotube-polymer composites. It is
exciting to observe that latterly the wires have been fab-
ricated using the highest conductivity carbon nanotube
with specific conductivity exceeding copper and alu-
minum.

Paper Batteries

Batteries are essential electronic components and now
there are paper batteries. It is a type of battery that is
designed to use a paper-thin sheet of cellulose pervaded
with aligned carbon nanotubes. The nanotubes serve as
electrodes and thus conducts electricity in the storage
devices. This type of battery can deliver a longer, steady
power output comparable to a conventional battery. The
paper battery is the integration of all the battery com-
ponents in a single structure, making it more energy
efficient.

Faster Computers

Carbon nanotubes can now be put together into chips
in order to get improvement in its speed. With CNTs
in computer chips, several billions of CNT transistors
could be crammed against a single processing chip,
giving miniaturized, faster computers and electronic
devices.

SUMMARY AND CONCLUSION

Nanotechnology being an innovative and powerful
technology is seen as the latest mega trend in science
and engineering which will bring a wave of radical
innovation, thereby sparking new industrial revolu-
tion in various application areas. For nanoelectronics
applications, carbon nanotubes are fascinating due
to their excellent electrical properties. A far-reaching
research area is molecular electronics, for which mol-
ecules that are quantum electronic devices are designed
and synthesized with the aim to use individual mol-
ecules as switches and carbon nanotubes as the wires
in circuits which are expected to fruition in nonvolatile
memories.

Another trend is in the appliance of nanowires in
opto-electronics and nano electro mechanical devices.
There is also nanomotor which is a molecular elec-
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tronic device competent enough to convert energy
into movement and nano electro mechanical systems.
Nano electro mechanical systems typically bears the
part of integrating the nanoelectronics with mechani-
cal actuators, pumps and motors, and may thereby
form different types of physical, biological, and chemi-
cal sensors. Metallic CNT's have also been proposed
since they can conduct current with high value. Car-
bon nanotubes have acquired so much of fame that they
are used in nano electro mechanical systems and the
approaches have developed to link suspended carbon
nanotubes to other nanostructures. This allows carbon
nanotubes to be structurally set up to produce compli-
cated Nano electric systems. Also, since some carbon
nanotubes are semiconducting, they can be utilized in
transistors.

Replacing silicon in the channel by CNT, allows the
transistors to be made comparatively smaller and faster
than today’s transistors. Nowadays, there is an evolving
trend of Pico technology that includes the modification
of the assembly and chemical properties of individual
atoms through the manipulation of energy states of
electrons within an atom to produce metastable states
with unusual properties, producing some form of exotic
atom. The term picotechnology is a coinage intended to
cognate the term nanotechnology. This can be termed
as a hypothetical future level of technological manipu-
lation of matter, on the scale of trillionths of a meter.
Furthermore, coinage of the term femto technology is
also a proposed term used in reference to structuring of
matter which is 107"° m.

This is a smaller scale as compared to nanotechnol-
ogy and Pico technology. Carbon nanotubes have phos-
phorescent/scintillating future as they are extremely
versatile. No other material is as strong, conducting,
inert and so forth at the same time. Carbon nano tubes
unexampled combination of properties paves its way for
the rapid progress at the present scenario for example it
holds forth a very special property i.e. high surface area
which increases the amount of charge that can be stored.
These are another possible material for worth use in an
ultra capacitor, as they have high density interior, com-
pacted size, steadfastness, and high capacitance.
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