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Introduction

Nanotechnology is commonly considered to deal with particles in the size range <100 nm, and with the
nonmaterial manufactured using nanoparticles. The approaches to the toxicology testing, and assessment of
the human and environmental risks are undergoing rapid development. One risk assessment area of strong
interest is the extent to which nanoparticle and nonmaterial toxicity can be extrapolated from existing data
for particles and fibres. The research and development of nanotechnology is very active globally, and
nanotechnologies are already used in hundreds of products, including sunscreens, cosmetics, textiles, and
sports equipment. Nanotechnology is also being developed for use in drug delivery, biosensors, and other
biomedical applications. Further, nanotechnologies are also being developed for use in-environmental
applications, e.g., clean-up of environmental pollutants.

Abstract

Nanotechnology is the science of the nanoscale objects around a manometer in size. Our capacity to
construct large, intricate structures with nanometre precision is rapidly changing, and consists of top-down
reductive approaches and bottom-up additive approaches. Alternatively, nature has perfected an array of
biological machinery that functions at the nanoscale, structures which typically self-assemble driven by the
molecular chemistry of subunit interactions. Here we outline recent developments in nanofabrication and
biological assembly, and introduce methods of super resolution microscopy by which nanoscale biological
systems can be investigated.

KEY STRUCTURES

Nanomaterials can be characterized by a variety of scattering techniques. The simplest, most direct method
IS x-ray scattering, which can be used to investigate the phase and particle size. The particle size can be
estimated from the width of the diffraction peaks using the Scherer equation D=xABcos6 where D is the
average crystallite size perpendicular to the reflecting planes, A is the x-ray wavelength, 0 is the Bragg angle,
B is the width of the peak in radians due to the finite size of the crystal, and « is a constant close to unity.
Because strain also broadens the x-ray lines, more complicated methods are needed to make a precise
measurement of the average particle size. Klug and Alexander (1974) provide a method for separating size
effects from strain.Small-angle x-ray scattering (SAXS) can be used to investigate particles and the quality
of multilayer. In the case of multilayer, SAXS can determine the roughness and the width of the interfaces.
Small-angle neutron scattering (SANS) can be used to study porosity. If there is a broad particle size
distribution, the SAXS and SANS spectra are broadened and more difficult to interpret.
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Extended x-ray absorption fine-structure spectroscopy (EXAFS) provides atom-specific structural
information. Specifically, it provides information on the radial distance and number of atoms of a given type
which are neighbours of a given atom type. EXAFS measurements can only probe local short-range order
because of the short lifetime of the photoelectron Raman spectroscopy measures the energy shifts of
scattered light due to creating optic mode excitations. In some cases, Raman spectroscopy can be used to
determine the particle size and oxidation state of a nano material.

Neutron scattering

Small-angle neutron scattering (SANS) has recently provided the most comprehensive description of
adsorbed-polymer conformation, by allowing the complete segment-density distribution to be determined.
The scattering of neutrons by a nucleus is characterized by a single parameter b, the scattering length. The
scattering lengths of protons and deneutrons are quite different, so that mixtures of protonated and
deuterated solvents give a wide range of scattering lengths. In studies of polymers adsorbed on to particles,
the scattering length of the solvent is adjusted (contrast matched) to that of the particles, so that the spatial
distribution of the polymer can be determined. The theory for this was developed in detail by Crowley and a
more detailed description of the method has been given by Cohen Stuart et al. Barnett et al. used SANS to
measure the segment-density distribution for poly(vinyl alcohol) adsorbed on to polystyrene latex. For the
system of poly(oxyethylene) adsorbed on to polystyrene latex'®” the segment-density distribution was
approximately exponential, extending 5 nm from the surface, with a large tail extending about a further
4 nm. The hydrodynamic thickness was measured at about 18 nm, so that SANS may not be able to detect
the longest tails, predicted by theory.

Overall Spectral Uniformity of Epitaxial Layers

Spatial distribution of spectral parameters of the PL band provides direct information on the band gap
uniformity of deposited ternary or quaternary compound semiconductor layers. This information is necessary
to optimize and to control epitaxial growth in device fabrication. SR-SPL measurements can be carried out
even on complex epitaxial structures. An example of no uniform spectral properties of an epitaxial Inga Alp
LED structure. Usually spatial distributions of the peak wavelength (Amax), Of the peak amplitude (IpLmax), Of
the full width at half maximum (FWHM) and of the larger wavelength at half peak intensity (HWP) are
determined and plotted.

Nanofabrication techniques offer the possibility of making more complex patterns that can be used for
organizing the DNA. Below we describe barrier patterns that can control the lateral distribution of individual
DNA molecules within the curtains (Visnapuu et al., 2008a,b), and “rack” patterns that can be used to make
“double-tethered” substrates in which both ends of the DNA curtain are anchored to the slide surface

Geometric barrier patterns

Linear barriers give no control over the lateral distribution of the DNA molecules within the curtains. The
DNA molecules can overlap with one another or they can slip along the barrier edge. However, barriers
comprised of a repetitive triangular wave eliminate slippage, and also define the distribution of molecules
within the curtain. We refer to these triangular features as nanowells, and the peak-to-peak distance between
the nanowells dictates the minimal lateral separation of the DNA molecules that make up the curtain. For
example, nanowells that repeat at 500-nm intervals yield DNA molecules separated from one another by no
less than 500 nm, provided that sufficiently low DNA concentrations are used.

As with our other barrier patterns, the number of DNA molecules that make up the curtains can be varied by
modulating several different parameters, the simplest of which is the amount of DNA injected into the
sample chamber. At high concentrations, multiple molecules of DNA can accumulate within each nanowell.
To avoid this problem, these experiments can be conducted with a relatively small amount of DNA
(determined empirically, and ~ 100 ul of a 30 pM solution of biotinylated lambda DNA is a good starting
point), such that less than one DNA molecule is expected per nanowell. This ensures that some of the
nanowells will remain unoccupied, many of the wells will have a single DNA molecule, and some of the
wells will have multiple DNA molecules. This can be confirmed by measuring the fluorescence intensity of
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the DNA in each well. For example, nanowells harbouring two molecules are twice as bright as those
harbouring just one, therefore allowing easy discrimination.

“Rack” patterns for anchoring both DNA ends

The DNA curtains described above use hydrodynamic force to stretch the DNA, and if flow is turned off, the
molecules quickly disappear from view as they drift outside of the detection volume defined by the
penetration depth of the evanescent field. This “single-tethered” configuration is fine for many applications.
However, in certain cases it is advantageous to be able to view the DNA in the absence of buffer flow, such
as when measuring one-dimensional diffusion of proteins along the DNA or when reagents are limiting.
Therefore, we designed “double-tethered” DNA curtains where both ends of the DNA are linked to the
surface. Double-tethered curtains utilize two pattern elements: linear barriers to lipid diffusion and pentagons
that serve as solid anchor points for attachment of the second end of the DNA. One end of the DNA is first
anchored via a biotin—streptavidin interaction to a supported lipid bilayer coating the surface of the sample
chamber. Application of flow pushes the DNA into the linear barrier the linear barriers halt the movement of
the lipid-tethered DNA molecules, causing them to accumulate at the leading edge of the barriers where they
then extend parallel to the surface. The pentagon’s are positioned behind the linear barriers and separated
from one another by small channels, which help prevent DNA from accumulating at the leading edge of the
pentagons. The distance between the linear barriers and the pentagon’s is optimized for the length of the
DNA to be used for the experiments. The pentagon’s themselves are coated with antibodies directed against
a small hapten, such as digoxigenin (DIG) or fluorescein isothiocyanate (FITC), which is covalently linked
to the ends of the DNA opposite the ends bearing the biotin tag. When the hapten-coupled DNA ends
encounter the antibody-coated pentagons, they become immobilized, and the DNA molecules remain
stretched parallel to the surface even when no buffer is being pushed through the sample chamber.

The DNA rack relies upon the selective, but nonspecific adsorption of antibodies to the large exposed
surface of the metallic pentagons. Antibodies can also potentially adsorb to the linear barriers, but the larger
surface area of the pentagon’s ensures that they are coated with more antibodies. As with the biotinylated
end, the DIG or FITC tags are covalently attached to synthetic oligonucleotides that are complementary to
the 12-nt overhang at the end of the lambda DNA. These oligonucleotides are annealed and ligated to
lambda using T4 DNA ligase, and then the free oligonucleotide is removed by gel filtration.

To assemble the “double-tethered” DNA curtains, the surface of the flow cell is first coated with a lipid
bilayer, as described for our other curtain designs, with the exception that BSA must be omitted from all
buffers used prior to deposition of the antibody. The omission of BSA is necessary to avoid blocking the
exposed metallic surfaces. Once the bilayer is assembled, antibodies (0.025 mg/ml) directed against the
small molecule hapten linked to the free end of the DNA are injected into the sample chamber where they
are allowed to adhere nonspecifically to the exposed metal barriers. Following a brief incubation, the free
antibody is rinsed from the flowcell and replaced with buffer containing 0.2-mg/ml BSA, which serves as a
nonspecific-blocking agent to passivate any remaining exposed surfaces. DNA labeled at one end with biotin
and at the other end with either DIG or FITC and also stained with the fluorescent intercalating dye YOYO1
is then injected into the sample chamber, incubated briefly without buffer flow, and then buffer flow is
applied to push the anchored molecules into the linear barriers. Illumination of YOYQO1 causes extensive
DNA damage in the presence of molecular oxygen, but this can be suppressed by inclusion on an oxygen-
scavenging system comprised of glucose oxidase, catalyse, and glucose . Once aligned and stretched at the
linear barriers, the hapten-tagged end of the DNA can bind to the antibody-coated pentagons. Flow is then
terminated and the anchored DNA molecules are imaged by TIRFM.

Hydrodynamic Bearings

Hydrodynamic bearings are a passive noncontact impeller suspension technique used in clinically available
RBPs. A typical hydro dynamically suspended blood pump is the HeartWare HVAD whose impeller is
suspended by both passive magnetic repulsive forces and a hydrodynamic bearing .A hydrodynamic bearing
can passively produce the required impeller suspension forces depending on the bearing's designed radial
clearances, the impeller's angular velocity, and the fluid viscosity; however, they do not support axial loads
well, leading to the requirement for a secondary support system for axial loads. Due to the passive operating
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nature of hydrodynamic bearings, hydrodynamically suspended continuous flow pumps can be designed as a
simple and compact structure due to the lack of need for additional actuators and control systems for
impeller suspension. However, a hydrodynamic bearing has design difficulties such as the required small
bearing clearances of less than 100 um and a limited operating speed range.

Nanotechnology

Nanotechnology ("nanotech™) is manipulation of matter on an atomic, molecular, and supramolecular scale.
The earliest, widespread description of nanotechnology referred to the particular technological goal of
precisely manipulating atoms and molecules for fabrication of macroscale products, also now referred to as
molecular nanotechnology. A more generalized description of nanotechnology was subsequently established
by the National Nanotechnology Initiative, which defines nanotechnology as the manipulation of matter with
at least one dimension sized from 1 to 100 nanometers. This definition reflects the fact that quantum
mechanical effects are important at this quantum-realm scale, and so the definition shifted from a particular
technological goal to a research category inclusive of all types of research and technologies that deal with
the special properties of matter which occur below the given size threshold. It is therefore common to see the
plural form "nanotechnologies™ as well as "nanoscale technologies” to refer to the broad range of research
and applications whose common trait is size.

Nanotechnology as defined by size is naturally very broad, including fields of science as diverse as surface
science, organic chemistry, molecular biology, semiconductor physics, energy storage, micro fabrication,
molecular engineering, etc. The associated research and applications are equally diverse, ranging from
extensions of conventional device physics to completely new approaches based upon molecular self-
assembly, from developing new materials with dimensions on the nanoscale to direct control of matter on the
atomic scale.

Scientists currently debate the future implications of nanotechnology. Nanotechnology may be able to create
many new materials and devices with a vast range of applications, such as in nanomedicine, nanoelectronics,
biomaterials energy production, and consumer products. On the other hand, nanotechnology raises many of
the same issues as any new technology, including concerns about the toxicity and environmental impact of
nanomaterials, and their potential effects on global economics, as well as speculation about various
doomsday scenarios. These concerns have led to a debate among advocacy groups and governments on
whether special regulation of nanotechnology is warranted.

-

Origin and History of nanotechnology

The concepts that seeded nanotechnology were first discussed in 1959 by renowned physicist Richard
Feynman in his talk There's Plenty of Room at the Bottom, in which he described the possibility of synthesis
via direct manipulation of atoms. In 1960, Egyptian engineer Mohamed Atalla and Korean engineer Dawon
Kahng at Bell Labs fabricated the first MOSFET (metal-oxide-semiconductor field-effect transistor) with a
gate oxide thickness of 100 nm, along with a gate length of 20 um. In 1962, Attalla and Kahng fabricated a
nanolayer-base metal-semiconductor junction (M-S junction) transistor that used gold (Au) thin films with a
thickness of 10 nm.

Comparison of Nanomaterials Sizes

The term "nano-technology™ was first used by Norio Taniguchi in 1974, though it was not widely known.
Inspired by Feynman's concepts, K. Eric Drexler used the term "nanotechnology™ in his 1986 book Engines
of Creation: The Coming Era of Nanotechnology, which proposed the idea of a nanoscale "assembler” which
would be able to build a copy of itself and of other items of arbitrary complexity with atomic control. Also in
1986, Drexler co-founded The Foresight Institute (with which he is no longer affiliated) to help increase
public awareness and understanding of nanotechnology concepts and implications. The emergence of
nanotechnology as a field in the 1980s occurred through convergence of Drexler's theoretical and public
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work, which developed and popularized a conceptual framework for nanotechnology, and high-visibility
experimental advances that drew additional wide-scale attention to the prospects of atomic control of matter.
Since the popularity spike in the 1980s, most of nanotechnology has involved investigation of several
approaches to making mechanical devices out of a small number of atoms.In the 1980s, two major
breakthroughs sparked the growth of nanotechnology in modern era. First, the invention of the scanning
tunneling microscope in 1981 which provided unprecedented visualization of individual atoms and bonds,
and was successfully used to manipulate individual atoms in 1989. The microscope's developers Gerd Binnig
and Heinrich Rohrer at IBM Zurich Research Laboratory received a Nobel Prize in Physics in 1986. Binnig,
Quate and Gerber also invented the analogous atomic force microscope that year. Buckminsterfullerene Ceo,
also known as the buckyball, is a representative member of the carbon structures known as fullerenes.
Members of the fullerene family are a major subject of research falling under the nanotechnology
umbrella.Second, fullerenes were discovered in 1985 by Harry Kroto, Richard Smalley, and Robert Curl,
who together won the 1996 Nobel Prize in Chemistry. Ceo was not initially described as nanotechnology; the
term was used regarding subsequent work with related grapheme tubes (called carbon nanotubes and
sometimes called Bucky tubes) which suggested potential applications for nanoscale electronics and devices.
The discovery of carbon nanotubes is largely attributed to Sumio Minima of NEC in 1991, for which lijima
won the inaugural 2008 Kavli Prize in Nanoscience. In 1987, Bijan Davari led an IBM research team that
demonstrated the first MOSFET with a 10 nm gate oxide thickness, using tungsten-gate technology. Multi-
gate MOSFETs enabled scaling below 20 nm gate length, starting with the FInFET (fin field-effect
transistor), a three-dimensional, non-planar, double-gate MOSFET. The FinFET originates from the research
of Digh Hisamoto at Hitachi Central Research Laboratory in 1989. At UC Berkeley, FINFET devices were
fabricated by a group consisting of Hisamoto along with TSMC's Chenming Hu and other international
researchers including Tsu-Jae King Liu, Jeffrey Bokor, Hideki Takeuchi, K. Asano, Jakub Kedziersk,
Xuejue Huang, Leland Chang, Nick Lindert, Shibly Ahmed and Cyrus Tabery. The team fabricated FINFET
devices down to a 17 nm process in 1998, and then 15 nm in 2001. In 2002, a team including Yu, Chang,
Ahmed, Hu, Liu, Bokor and Tabery fabricated a 10 nm FinFET device. In the early 2000s, the field garnered
increased scientific, political, and commercial attention that led to both controversy and progress.
Controversies emerged regarding the definitions and potential implications of nanotechnologies, exemplified
by the Royal Society's report on nanotechnology. Challenges were raised regarding the feasibility of
applications envisioned by advocates of molecular nanotechnology, which culminated in a public debate
between Drexler and Smalley in 2001 and 2003.

Meanwhile, commercialization of products based on advancements in nanoscale technologies began
emerging. These products are limited to bulk applications of nanomaterials and do not involve atomic
control of matter. Some examples include the Silver Nano platform for using silver nanoparticles as an
antibacterial agent, nanoparticle-based transparent sunscreens, carbon fiber strengthening using silica
nanoparticles, and carbon nanotubes for stain-resistant textiles.Governments moved to promote and fund
research into nanotechnology, such as in the U.S. with the National Nanotechnology Initiative, which
formalized a size-based definition of nanotechnology and established funding for research on the nanoscale,
and in Europe via the European Framework Programmes for Research and Technological Development.

By the mid-2000s new and serious scientific attention began to flourish. Projects emerged to produce
nanotechnology roadmaps which center on atomically precise manipulation of matter and discuss existing
and projected capabilities, goals, and applications. In 2006, a team of Korean researchers from the Korea
Advanced Institute of Science and Technology (KAIST) and the National Nano Fab Center developed a
3 nm MOSFET, the world's smallest nanoelectronic device. It was based on gate-all-around (GAA) FinFET
technology. Over sixty countries created nanotechnology research and development (R&D) government
programs between 2001 and 2004. Government funding was exceeded by corporate spending on
nanotechnology R&D, with most of the funding coming from corporations based in the United States, Japan
and Germany. The top five organizations that filed the most intellectual patents on nanotechnology R&D
between 1970 and 2011 were Samsung Electronics (2,578 first patents), Nippon Steel (1,490 first patents),
IBM (1,360 first patents), Toshiba (1,298 first patents) and Canon (1,162 first patents). The top five
organizations that published the most scientific papers on nanotechnology research between 1970 and 2012
were the Chinese Academy of Sciences, Russian Academy of Sciences, Centre national de la recherche
scientifique//, University of Tokyo and Osaka University.
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Fundamental concepts

Nanotechnology is the engineering of functional systems at the molecular scale. This covers both current
work and concepts that are more advanced. In its original sense, nanotechnology refers to the projected
ability to construct items from the bottom up, using techniques and tools being developed today to make
complete, high performance products. One nanometer (nm) is one billionth, or 10, of a meter. By
comparison, typical carbon-carbon bond lengths, or the spacing between these atoms in a molecule, are in
the range 0.12-0.15 nm, and a DNA double-helix has a diameter around 2 nm. On the other hand, the
smallest cellular life-forms, the bacteria of the genus Mycoplasma, are around 200 nm in length. By
convention, nanotechnology is taken as the scale range 1 to 100 nm following the definition used by the
National Nanotechnology Initiative in the US. The lower limit is set by the size of atoms (hydrogen has the
smallest atoms, which are approximately a quarter of a nm kinetic diameter) since nanotechnology must
build its devices from atoms and molecules. The upper limit is more or less arbitrary but is around the size
below which phenomena not observed in larger structures start to become apparent and can be made use of
in the nano device. These new phenomena make nanotechnology distinct from devices which are merely
miniaturised versions of an equivalent macroscopic device; such devices are on a larger scale and come
under the description of microtechnology.

To put that scale in another context, the comparative size of a nanometer to a meter is the same as that of a
marble to the size of the earth.* Or another way of putting it: a nanometer is the amount an average man's
beard grows in the time it takes him to raise the razor to his face.** Two main approaches are used in
nanotechnology. In the "bottom-up" approach, materials and devices are built from molecular components
which assemble themselves chemically by principles of molecular recognition. In the "top-d/deductions in
particle size. This effect does not come into play by going from macro to micro dimensions. However,
quantum effects can become significant when the manometer size range is reached, typically at distances of
100 manometers or less, the so-called quantum realm. Additionally, a number of physical (mechanical,
electrical, optical, etc.) properties change when compared to macroscopic systems. One example is the
increase in surface area to volume ratio altering mechanical, thermal and catalytic properties of materials.
Diffusion and reactions at nanoscale, nanostructures materials and nanodevices with fast ion transport are
generally referred to nanoionics. Mechanical properties of nanosystems are of interest in the nanomechanics
research. The catalytic activity of nanomaterials also opens potential risks in their interaction with
biomaterials. Materials reduced to the nanoscale can show different properties compared to what they exhibit
on a macroscale, enabling unique applications. For instance, opaque substances can become transparent
(copper); stable materials can turn combustible (aluminium); insoluble materials may become soluble (gold).
A material such as gold, which is chemically inert at normal scales, can serve as a potent chemical catalyst at
nanoscales. Much of the fascination with nanotechnology stems from these quantum and surface phenomena
that matter exhibits at the nanoscale.

Simple to complex: a molecular perspective

Molecular self-assembly

Modern synthetic chemistry has reached the point where it is possible to prepare small molecules to almost
any structure. These methods are used today to manufacture a wide variety of useful chemicals such as
pharmaceuticals or commercial polymers. This ability raises the question of extending this kind of control to
the next-larger level, seeking methods to assemble these single molecules into supramolecular assemblies
consisting of many molecules arranged in a well defined manner. These approaches utilize the concepts of
molecular self-assembly and/or supramolecular chemistry to automatically arrange themselves into some
useful conformation through a bottom-up approach. The concept of molecular recognition is especially
important: molecules can be designed so that a specific configuration or arrangement is favored due to non-
covalent intermolecular forces. The Watson—Crick basepairing rules are a direct result of this, as is the
specificity of an enzyme being targeted to a single substrate, or the specific folding of the protein itself.
Thus, two or more components can be designed to be complementary and mutually attractive so that they
make a more complex and useful whole.
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Such bottom-up approaches should be capable of producing devices in parallel and be much cheaper than
top-down methods, but could potentially be overwhelmed as the size and complexity of the desired assembly
increases. Most useful structures require complex and thermodynamically unlikely arrangements of atoms.
Nevertheless, there are many examples of self-assembly based on molecular recognition in biology, most
notably Watson—Crick basepairing and enzyme-substrate interactions. The challenge for nanotechnology is
whether these principles can be used to engineer new constructs in addition to natural ones.

Molecular nanotechnology: a long-term view

Molecular nanotechnology, sometimes called molecular manufacturing, describes engineered nanosystems
(nanoscale machines) operating on the molecular scale. Molecular nanotechnology is especially associated
with the molecular assembler, a machine that can produce a desired structure or device atom-by-atom using
the principles of mechanosynthesis. Manufacturing in the context of productive nanosystems is not related
to, and should be clearly distinguished from, the conventional technologies used to manufacture
nanomaterials such as carbon nanotubes and nanoparticles. When the term "nanotechnology” was
independently coined and popularized by Eric Drexler (who at the time was unaware of an earlier usage by
Norio Taniguchi) it referred to a future manufacturing technology based on molecular machine systems. The
premise was that molecular scale biological analogies of traditional machine components demonstrated
molecular machines were possible: by the countless examples found in biology, it is known that
sophisticated, stochastically optimised biological machines can be produced.

It is hoped that developments in nanotechnology will make possible their construction by some other means,
perhaps using biomimetic principles. However, Drexler and other researchers®® have proposed that
advanced nanotechnology, although perhaps initially implemented by biomimetic means, ultimately could be
based on mechanical engineering principles, namely, a manufacturing technology based on the mechanical
functionality of these components (such as gears, bearings, motors, and structural members) that would
enable programmable, positional assembly to atomic specification. The physics and engineering
performance of exemplar designs were analyzed in Drexler's book Nanosystems. In general it is very
difficult to assemble devices on the atomic scale, as one has to position atoms on other atoms of comparable
size and stickiness. Another view, put forth by Carlo Montemagno, is that future nanosystems will be
hybrids of silicon technology and biological molecular machines. Richard Smalley argued that
mechanosynthesis are impossible due to the difficulties in mechanically manipulating individual molecules.

This led to an exchange of letters in the ACS publication Chemical & Engineering News in 2003. Though
biology clearly demonstrates that molecular machine systems are possible, non-biological molecular
machines are today only in their infancy. Leaders in research on non-biological molecular machines are Dr.
Alex Zettl and his colleagues at Lawrence Berkeley Laboratories and UC Berkeley. They have constructed at
least three distinct molecular devices whose motion is controlled from the desktop with changing voltage: a
nanotube nanomotor, a molecular actuator, and a nanoelectromechanical relaxation oscillator.

An experiment indicating that positional molecular assembly is possible was performed by Ho and Lee at
Cornell University in 1999. They used a scanning tunneling microscope to move an individual carbon
monoxide molecule (CO) to an individual iron atom (Fe) sitting on a flat silver crystal, and chemically
bound the CO to the Fe by applying a voltage.

Nanomaterials

The nanomaterials field includes subfields which develop or study materials having unique properties arising
from their nanoscale dimensions.

e Interface and colloid science has given rise to many materials which may be useful in
nanotechnology, such as carbon nanotubes and other fullerenes, and various nanoparticles and
nanorods. Nanomaterials with fast ion transport are related also to nanoionics and nanoelectronics.

« Nanoscale materials can also be used for bulk applications; most present commercial applications of
nanotechnology are of this flavor.

o Progress has been made in using these materials for medical applications; see Nanomedicine.
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Nanoscale materials such as nanopillars are sometimes used in solar cells which combats the cost of
traditional silicon solar cells.

Development of applications incorporating semiconductor nanoparticles to be used in the next
generation of products, such as display technology, lighting, solar cells and biological imaging; see
quantum dots.

Recent application of nanomaterials include a range of biomedical applications, such as tissue
engineering, drug delivery, and biosensors.

Bottom-up approaches

These seek to arrange smaller components into more complex assemblies.

DNA nanotechnology utilizes the specificity of Watson—Crick basepairing to construct well-defined
structures out of DNA and other nucleic acids.

Approaches from the field of “classical" chemical synthesis (Inorganic and organic synthesis) also
aim at designing molecules with well-defined shape (e.g. bis-peptides).

More generally, molecular self-assembly seeks to use concepts of supramolecular chemistry, and
molecular recognition in particular, to cause single-molecule components to automatically arrange
themselves into some useful conformation.

Atomic force microscope tips can be used as a nanoscale "write head" to deposit a chemical upon a
surface in a desired pattern in a process called dip pen nanolithography. This technique fits into the
larger subfield of nanolithography.

Molecular Beam Epitaxy allows for bottom up assemblies of materials, most notably semiconductor
materials commonly used in chip and computing applications, stacks, gating, and nanowire lasers.

Top-down approaches

These seek to create smaller devices by using larger ones to direct their assembly.

Many technologies that descended from conventional solid-state silicon methods for fabricating
microprocessors are now capable of creating features smaller than 100 nm, falling under the
definition of nanotechnology. Giant magnetoresistance-based hard drives already on the market fit
this description, as do atomic layer deposition (ALD) techniques. Peter Grinberg and Albert Fert
received the Nobel Prize in Physics in 2007 for their discovery of Giant magnetoresistance and
contributions to the field of spintronics.

Solid-state techniques can also be used to create devices known as nanoelectromechanical systems or
NEMS, which are related to microelectromechanical systems or MEMS.

Focused ion beams can directly remove material, or even deposit material when suitable precursor
gasses are applied at the same time. For example, this technique is used routinely to create sub-
100 nm sections of material for analysis in Transmission electron microscopy.

Atomic force microscope tips can be used as a nanoscale "write head" to deposit a resist, which is
then followed by an etching process to remove material in a top-down method.

Functional approaches

These seek to develop components of a desired functionality without regard to how they might be
assembled.

Magnetic assembly for the synthesis of anisotropic superparamagnetic materials such as recently
presented magnetic nano chains.

Molecular scale electronics seeks to develop molecules with useful electronic properties. These could
then be used as single-molecule components in a nanoelectronic device. For an example see rotaxane.
Synthetic chemical methods can also be used to create synthetic molecular motors, such as in a so-
called nanocar.
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Biomimetic approaches

« Bionics or biomimicry seeks to apply biological methods and systems found in nature, to the study
and design of engineering systems and modern technology. Bio mineralization is one example of the
systems studied.

« Bionanotechnology is the use of biomolecules for applications in nanotechnology, including use of
viruses and lipid assemblies. Nanocellulose is a potential bulk-scale application.

Speculative

These subfields seek to anticipate what inventions nanotechnology might yield, or attempt to propose an
agenda along which inquiry might progress. These often take a big-picture view of nanotechnology, with
more emphasis on its societal implications than the details of how such inventions could actually be created.

« Molecular nanotechnology is a proposed approach which involves manipulating single molecules in
finely controlled, deterministic ways. This is more theoretical than the other subfields, and many of
its proposed techniques are beyond current capabilities.

« Nanorobotics centers on self-sufficient machines of some functionality operating at the nanoscale.
There are hopes for applying nanorobots in medicine. Nevertheless, progress on innovative materials
and methodologies has been demonstrated with some patents granted about new nanomanufacturing
devices for future commercial applications, which also progressively helps in the development
towards nanorobots with the use of embedded nanobioelectronics concepts.

e Productive nanosystems are "systems of nanosystems” which will be complex nanosystems that
produce atomically precise parts for other nanosystems, not necessarily using novel nanoscale-
emergent properties, but well-understood fundamentals of manufacturing. Because of the discrete
(i.e. atomic) nature of matter and the possibility of exponential growth, this stage is seen as the basis
of another industrial revolution. Mihail Roco, one of the architects of the USA's National
Nanotechnology Initiative, has proposed four states of nanotechnology that seem to parallel the
technical progress of the Industrial Revolution, progressing from passive nanostructures to active
nanodevices to complex nanomachines and ultimately to productive nanosystems.

o Programmable matter seeks to design materials whose properties can be easily, reversibly and
externally controlled though a fusion of information science and materials science.

o Due to the popularity and media exposure of the term nanotechnology, the words picotechnology and
femtotechnology have been coined in analogy to it, although these are only used rarely and
informally.

Dimensionality in nanomaterials

Nanomaterials can be classified in 0D, 1D, 2D and 3D nanomaterials. The dimensionality play a major role
in determining the characteristic of nanomaterials including physical, chemical and biological
characteristics. With the decrease in dimensionality, an increase in surface-to-volume ratio is observed. This
indicate that smaller dimensional nanomaterials have higher surface area compared to 3D nanomaterials.
Recently, two dimensional (2D) nanomaterials are extensively investigated for electronic, biomedical, drug
delivery and biosensor applications.

Tools and techniques

There are several important modern developments. The atomic force microscope (AFM) and the Scanning
Tunneling Microscope (STM) are two early versions of scanning probes that launched nanotechnology.
There are other types of scanning probe microscopy. Although conceptually similar to the scanning confocal
microscope developed by Marvin Minsky in 1961 and the scanning acoustic microscope (SAM) developed
by Calvin Quate and coworkers in the 1970s, newer scanning probe microscopes have much higher
resolution, since they are not limited by the wavelength of sound or light.
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The tip of a scanning probe can also be used to manipulate nanostructures (a process called positional
assembly). Feature-oriented scanning methodology may be a promising way to implement these
nanomanipulations in automatic mode.[621631 However, this is still a slow process because of low scanning
velocity of the microscope. Various techniques of nanolithography such as optical lithography, X-ray
lithography, dip pen nanolithography, electron beam lithography or nanoimprint lithography were also
developed. Lithography is a top-down fabrication technique where a bulk material is reduced in size to
nanoscale pattern. Another group of nanotechnological techniques include those used for fabrication of
nanotubes and nanowires, those used in semiconductor fabrication such as deep ultraviolet lithography,
electron beam lithography, focused ion beam machining, nanoimprint lithography, atomic layer deposition,
and molecular vapor deposition, and further including molecular self-assembly techniques such as those
employing di-block copolymers. The precursors of these techniques preceded the nanotech era, and are
extensions in the development of scientific advancements rather than techniques which were devised with
the sole purpose of creating nanotechnology and which were results of nanotechnology research.

The top-down approach anticipates nanodevices that must be built piece by piece in stages, much as
manufactured items are made. Scanning probe microscopy is an important technique both for
characterization and synthesis of nanomaterials. Atomic force microscopes and scanning tunneling
microscopes can be used to look at surfaces and to move atoms around. By designing different tips for these
microscopes, they can be used for carving out structures on surfaces and to help guide self-assembling
structures. By using, for example, feature-oriented scanning approach, atoms or molecules can be moved
around on a surface with scanning probe microscopy techniques.[®21531 At present, it is expensive and time-
consuming for mass production but very suitable for laboratory experimentation. In contrast, bottom-up
techniques build or grow larger structures atom by atom or molecule by molecule. These techniques include
chemical synthesis, self-assembly and positional assembly. Dual polarisation interferometry is one tool
suitable for characterisation of self assembled thin films. Another variation of the bottom-up approach is
molecular beam epitaxy or MBE. Researchers at Bell Telephone Laboratories like John R. Arthur. Alfred Y.
Cho, and Art C. Gossard developed and implemented MBE as a research tool in the late 1960s and 1970s.
Samples made by MBE were key to the discovery of the fractional quantum Hall effect for which the 1998
Nobel Prize in Physics was awarded. MBE allows scientists to lay down atomically precise layers of atoms
and, in the process, build up complex structures.

Applications

One of the major applications of nanotechnology is in the area of nanoelectronics with MOSFET's being
made of small nanowires ~10 nm in length. Here is a simulation of such a nanowire.

As of August 21, 2008, the Project on Emerging Nanotechnologies estimates that over 800 manufacturer-
identified nanotech products are publicly available, with new ones hitting the market at a pace of 3-4 per
week. The project lists all of the products in a publicly accessible online database. Most applications are
limited to the use of "first generation™ passive nanomaterials which includes titanium dioxide in sunscreen,
cosmetics, surface coatings, and some food products; Carbon allotropes used to produce gecko tape; silver in
food packaging, clothing, disinfectants and household appliances; zinc oxide in sunscreens and cosmetics,
surface coatings, paints and outdoor furniture varnishes; and cerium oxide as a fuel catalyst.

Further applications allow tennis balls to last longer, golf balls to fly straighter, and even bowling balls to
become more durable and have a harder surface. Trousers and socks have been infused with nanotechnology
so that they will last longer and keep people cool in the summer. Bandages are being infused with silver
nanoparticles to heal cuts faster. Video game consoles and personal computers may become cheaper, faster,
and contain more memory thanks to nanotechnology. Also, to build structures for on chip computing with
light, for example on chip optical quantum information processing, and picosecond transmission of
information. Nanotechnology may have the ability to make existing medical applications cheaper and easier
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to use in places like the general practitioner's office and at home. Cars are being manufactured with
nanomaterials so they may need fewer metals and less fuel to operate in the future.

Scientists are now turning to nanotechnology in an attempt to develop diesel engines with cleaner exhaust
fumes. Platinum is currently used as the diesel engine catalyst in these engines. The catalyst is what cleans
the exhaust fume particles. First a reduction catalyst is employed to take nitrogen atoms from NOXx
molecules in order to free oxygen. Next the oxidation catalyst oxidizes the hydrocarbons and carbon
monoxide to form carbon dioxide and water. Platinum is used in both the reduction and the oxidation
catalysts. Using platinum though, is inefficient in that it is expensive and unsustainable. Danish company
InnovationsFonden invested DKK 15 million in a search for new catalyst substitutes using nanotechnology.
The goal of the project, launched in the autumn of 2014, is to maximize surface area and minimize the
amount of material required. Objects tend to minimize their surface energy; two drops of water, for example,
will join to form one drop and decrease surface area. If the catalyst's surface area that is exposed to the
exhaust fumes is maximized, efficiency of the catalyst is maximized. The team working on this project aims
to create nanoparticles that will not merge. Every time the surface is optimized, material is saved. Thus,
creating these nanoparticles will increase the effectiveness of the resulting diesel engine catalyst—in turn
leading to cleaner exhaust fumes—and will decrease cost. If successful, the team hopes to reduce platinum
use by 25%.

Nanotechnology also has a prominent role in the fast developing field of Tissue Engineering. When
designing scaffolds, researchers attempt to mimic the nanoscale features of a cell's microenvironment to
direct its differentiation down a suitable lineage. For example, when creating scaffolds to support the growth
of bone, researchers may mimic osteoclast resorption pits.’”! Researchers have successfully used DNA
origami-based nanobots capable of carrying out logic functions to achieve targeted drug delivery in
cockroaches. It is said that the computational power of these nanobots can be scaled up to that of a
Commodore 64. An area of concern is the effect that industrial-scale manufacturing and use of nanomaterials
would have on human health and the environment, as suggested by nanotoxicology research. For these
reasons, some groups advocate that nanotechnology be regulated by governments. Others counter that
overregulation would stifle scientific research and the development of beneficial innovations. Public health
research agencies, such as the National Institute for Occupational Safety and Health are actively conducting
research on potential health effects stemming from exposures to nanoparticles. Some nanoparticle products
may have unintended consequences. Researchers have discovered that bacteriostatic silver nanoparticles
used in socks to reduce foot odor are being released in the wash. These particles are then flushed into the
waste water stream and may destroy bacteria which are critical components of natural ecosystems, farms,
and waste treatment processes. Public deliberations on risk perception in the US and UK carried out by the
Center for Nanotechnology in Society found that participants were more positive about nanotechnologies for
energy applications than for health applications, with health applications raising moral and ethical dilemmas
such as cost and availability.

Experts, including director of the Woodrow Wilson Center's Project on Emerging Nanotechnologies David
Rejeski, have testified that successful commercialization depends on adequate oversight, risk research
strategy, and public engagement. Berkeley, California is currently the only city in the United States to
regulate nanotechnology; Cambridge, Massachusetts in 2008 considered enacting a similar law, but
ultimately rejected it. Relevant for both research on and application of nanotechnologies, the insurability of
nanotechnology is contested. Wi

thout state regulation of nanotechnology, the availability of private insurance for potential damages is seen
as necessary to ensure that burdens are not socialised implicitly. Over the next several decades, applications
of nanotechnology will likely include much higher-capacity computers, active materials of various kinds,
and cellular-scalar
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Health and environmental concerns

Main articles: Health and safety hazards of nanomaterials and Pollution from nanomaterials

Nanofiber/s are used in several areas and in different products, in everything from aircraft wings to tennis
rackets. Inhaling airborne nanoparticles and nanofibers may lead to a number of pulmonary diseases, e.g.
fibrosis. Researchers have found that when rats breathed in nanoparticles, the particles settled in the brain
and lungs, which led to significant increases in biomarkers for inflammation and stress response!®® and that
nanoparticles induce skin aging through oxidative stress in hairless mice.[*"lIl®®l A two-year study at UCLA's
School of Public Health found lab mice consuming nano-titanium dioxide showed DNA and chromosome
damage to a degree "linked to all the big killers of man, namely cancer, heart disease, neurological disease
and aging".

A major study published more recently in Nature Nanotechnology suggests some forms of carbon nanotubes
— a poster child for the "nanotechnology revolution” — could be as harmful as asbestos if inhaled in sufficient
quantities. Anthony Seaton of the Institute of Occupational Medicine in Edinburgh, Scotland, who
contributed to the article on carbon nanotubes said "We know that some of them probably have the potential
to cause mesothelioma. So those sorts of materials need to be handled very carefully.” In the absence of
specific regulation forthcoming from governments, Paull and Lyons (2008) have called for an exclusion of
engineered nanoparticles in food. A newspaper article reports that workers in a paint factory developed
serious lung disease and nanoparticles were found in their lungs.

Regulation
Main article: Regulation of nanotechnology

Calls for tighter regulation of nanotechnology have occurred alongside a growing debate related to the
human health and safety risks of nanotechnology. There is significant debate about who is responsible for
the regulation of nanotechnology. Some regulatory agencies currently cover some nanotechnology products
and processes (to varying degrees) — by "bolting on" nanotechnology to existing regulations — there are clear
gaps in these regimes. Davies (2008) has proposed a regulatory road map describing steps to deal with these
shortcomings. Stakeholders concerned by the lack of a regulatory framework to-assess and control risks
associated with the release of nanoparticles and nanotubes have drawn parallels with bovine spongiform
encephalopathy ("mad cow" disease), thalidomide, genetically modified food, nuclear energy, reproductive
technologies, biotechnology, and asbestosis. Dr. Andrew Maynard, chief science advisor to the Woodrow
Wilson Center's Project on Emerging Nanotechnologies, concludes that there is insufficient funding for
human health and safety research, and as a result there is currently limited understanding of the human
health and safety risks associated with nanotechnology.*'% As a result, some academics have called for
stricter application of the precautionary principle, with delayed marketing approval, enhanced labelling and
additional safety data development requirements in relation to certain forms of nanotechnology. The Royal
Society report identified a risk of nanoparticles or nanotubes being released during disposal, destruction and
recycling, and recommended that "manufacturers of products that fall under extended producer responsibility
regimes such as end-of-life regulations publish procedures outlining how these materials will be managed to
minimize possible human and environmental exposure” . The Center for Nanotechnology in Society has
found that people respond to nanotechnologies differently, depending on application — with participants in
public deliberations more positive about nanotechnologies for energy than health applications — suggesting
that any public calls for nano regulations may differ by technology sector.

Nanotechnology in Electronics

Nanotechnology is used in many communications , computing and electronic applications , It provides faster
, Smaller and more portable systems , These systems can manage and store larger and larger amounts of
information . Nano electronics mean using nanotechnology in electronic components , there are many
applications such as computing and electronic products include Flash memory chips for iPod nanos ,
antimicrobial and antibacterial coatings on the mouse , the keyboard , and the cell phone castings .The aim
of nano electronics is to process , transmit and store information by taking advantages of properties of matter
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that are distinctly different from macroscopic properties . Nanotechnology is used for printed electronics for
RFID , smart cards , smart packaging , It is used for more life-like video games and flexible displays for e-
book readers .Nanotechnology is used for nano scale transistors that are faster, more powerful , and
increasingly the energy-efficient , You will see soon that your computer’s entire memory may be stored on a
single tiny chip . Nanotechnology is used in many new TVs , laptop computers , digital cameras , cell
phones , and it is used in many devices incorporate nano structured polymer films known as organic light-
emitting diodes or OLEDs , where OLED screens offer brighter consumption, and longer lifetimes
.Nanotechnology is used for magnetic random access memory (MRAM) enabled by nanometer-scale
magnetic tunnel junctions that can quickly and effectively save even encrypted data during a system
shutdown or crash , So , It enables resume-play features . Nanotechnology in electronics provides faster,
smaller and enhanced hand held devices , It provides advanced display technologies with conductive
nanomaterials , data storage , quantum computing , printable and flexible electronics , and magnetic
nanoparticles for data storage .

Nanotechnology can actually revolutionize a lot of electronic products , procedures , and applications such
as electronic products include nano transistors , nano diodes, OLED , plasma displays and quantum
computers .Nanotechnology in electronics increases the capabilities of electronics devices while reducing
their weight and power consumption , It increases the density of memory chips and it reduces the size of
transistors that used in integrated circuits .Nanotechnology improves display screens on electronics devices ,
So the power consumption will be reduced , the weight and the thickness of the screens decreases
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