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Abstract: The Future of science and technology is going to be important for scientists and engineers becaume t
hybrid science consisting of engineeringchemistry, and to some extent biology is being involved in several
applications of scientific research including military, aerospace and medical fields which is nongher than
nanotechnology or nano science. This article is prepared by studying the text books on NANECHNOLOGY AND
NANO SCIENCE.
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I. INTRODUCTION
The accomplishments of the twentieth century are revolutionizing science and technology in the twenty ” ¢ —
century. Researchers have gained the ability to measure, manipulate, and organize matter on nanosedleo 100
billionths of a meter. At the nanoscale, physics, chemistry, material science, biolognd engineering converge
toward common principles, mechanisms, and tools. This convergence of multiple disciplines will lead to a
signio...fe— <o’ f...— ‘s o cte  Ta —1. HStoricals edern newtechndlegiéal advance and innovation
remakes the world. The time to remake the world has become shorter with ewenew technological revolution. The
industrial revolution took almost two centuries to reshape the world, the electronics revolution arand 70 years,
the information revolution two decades, and innovations in biotechnology andhanotechnology to reshape the
world could be just a matter of less than a decade.Historically,theworldwasdividedintothea ”e¢ —™ "7+ f e+ St -S¢" T
world, but the information revolution revealed the “digital-divide,” and advances in nanotechnology will divide the
world into the nano havesand nanohavenots (Hjorth et al.2008).

The nanoscale is not just another jump toward miniaturization, but a qualitatively new scale. Thewebehavior is
dominated by quantum mechanics, material Corsfsteo— <o eof 77 o—"— " ted Zftdbtibncandt” f ... <f 2
other unique properties, phenomena, and processes. Many current theories of matter at the microscal#l be
inadequate to describe the new phenomena at the nanoscale (Roco and Bainbridge 20@%).the global economy
continues to be transformeal by new technology, an intense competition will grow for intellectual capital and
intellectual property. Technology will continue to drive the global and domestic GDP (Khan 2006)he National
Science Foundation predicts that the global marketplace for gds and services using nanotechnologies will grow to
$1 trillion by 2015 and employ 2 million workers. It is estimated that by 2015 nanotechnology will & a $3 trillion-
a-year global industry. In 1997, the investment in nandechnology stood at $430 milliox to more than $9 billion in
2004. There are more than 800 products in the marketplace that have been developed using nanotecbgyl
(Ehrmann 2008).
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1.1. What Is Nanotechnology?
A number of depec—c‘ee FEco— <o Zc«—F"f-—"F4 ... ‘" 1 < » %echnologySlditiatife- (NN~ f
nanotechnologyis an areathat encompassestie following traits or characteristics:
1. Research and technology development at the atomic, molecular, or macromoleculavels, in the length scale
of approximately 1-100nm range
2. Creating and using structures, devices, and systems that hawevel properties and functions because of their
small andor intermediate size
3. Ability to control or manipulate matter on the atomic scale (Minoli 2006)

TABLE 1.1- Matters of Scale

Dimensions in Nanometers (nm) ltem  [1 nm % 0.000000001m]
Human hair 100,000
Diameter of bacterium cell 1,000-10,000
Range ofvisible light 400-700
Humanimmunedea ... < fvirus» 90

Transistor dimensions on aCPU(2008) 43
Cellmembrane 10

Drug molecule rv5-10

QD rv1i-5
Diameter of DNA 2.5
Individual atom 0.1

Accordingto Professor Stephen Fonash, nanotechnology is manipulating matter at the atomic and molecular scale
seeing matter at the atomic and molecular scale, and exploiting the unique capabilities and propestiof structures
fabricated at the atomic and molecuwdr scale (Fonash 2008). In short, nanotechnology refers to the convergence of
multiple disciplines and appliedtechnologiesdealingwithparticlesandstructureshavingdimensions in theange of a
nanometer, i.e., ondillionth of a meter. The diameter of a humarhair is 100,000 nm. Presently PC notebooks
employ CPU chips that contairtransistors having dimensions of 43nm.It is said that currently more nanoscale
transistors are made in a year than grains of rice grown. Table 1cbmparesvarious entities and systems that occur

in nature using ananoscale.

II. NANOTECHNOLOG¥EVOLUTION
2.1 How Did the Field of Nanotechnologfvolve?

Nature is full of nanostructures (Figures 1.1 through 1.7). Nanparticles and structures have been used by humans

for quite a long time.For example, in thefourth century, Romansused metal nano particles to make glasscupsthat
changed their colors based on the transmission or &f ... —<‘e *~ Z<%S—& o f"—<"f..— "7'e¢ —Sce "1 't
Cup resides in the British Museum in LondorThe cup, which depicts the death of King Lycurgus, is maftem soda

lime glasscontaining silver and gold nanoparticles (40ppm gold nanoparticles and 300 ppm silver nanoparticles).

The color of the cup changes from green to a deep red when a light souré® placed inside it
(BarberandFreestone1990).Thelrish manufactured stained-glasswindows in AD 444 using nanopatrticles. Italians

also employed nanopatrticles in creating sixteentttentury Renaissance pottery (Poole and Owens 2003). These

were in2— e+ ... F@ttgman techniques. In south Asia, traditionamedicine also employedaet 'f”—«<...Z%e+ <o —S1
composition of Tib-e-Unanimedicines.

In 1960, prominent physicist Richard Feynman presented a visionary and prophetic lecture at the mag of the
American Physical Society entitled, “Therés plenty of room at the bottom,” in which he speculatedthe possibility
and potential of nanosized materials. In1974, the term “nanotechnology” was usedfor the ast time by Nori
Taniguchiin Tokyo,Japanat the International Conference on Production Engineering (Minoli 2006). However, it
was not until the 1980s, with the developmentto the appropriated methods of fabrication of nanostructures, that a
notable increasein researchactivity occurred and anumber of signi @ ... fdevelopments materialized (Pooleand
Owens2003). Nanoparticles have been used for ages, but the ability to understand the chemieald physical
processesat then a no scalehaveonly beenunderstood recently. Control and repeatability have beeachieved, and
the knowledge baseand applications have been recet t & f , Zpres@mnts a summary of the applications of
nanotechnology in the various domains of science. Table IpBesents a summary of the equipment and processes
usedin nanotechnology reseach and development.
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TABLE 1.2- Applications of Nanotechnology

Domain=Area Applications

Physics Conductivity measurement of a single molecule Conduction through small junctions with fedefects
Observation of magnetic scattering aépin-polarized currents are possible

Optics Fabrication of lasers and waveguides, opticawitches, modulators, and photonicrystals

Electronics  Fabrication of less than 10 nm by integrating electronic&/ith MEMS andoptics

MEMS NEMS Fabrication of micro-and nanomechanicalsystems-basedsensors andactuators

Life sciences Use of nanostructures can be used to simulate biological structures, sort or detect cells or molesil
and control cell growth Fabrication of nanoprobe for in vitro applications

Chemistry Fabrication of mono layers, dendrimers, functionalized nanotube structures

Development of chemical sensors and chemical mixing systems using mictaids

Development of new materials and processes faranostructure fabrication

NATURE AT NANOSCALE
Blue morpho butterfly

FIGUREL.1 3
The iridescent colors of the blue morpho buttef>ie ™<ce%oe f"F """t — . FT > ofefe—"—  ——"Fe _Sf-
wavelengths of light. The wingspan of this buttef > <« f,‘—I5 an. (Courtesy of Wikimedia Commons,

http://www.nisenet.org=viz_lab=image-collection)

NATURE AT NANOSCALE
Blue morpho butterfly wing ridges

i

FIGURE 1.2
This scanningelectron microscope(SEM)imageshowsridges on a blue morpho butter > ™ <+ %o « ... f Zta évi ot "¢f
contain nanoscale structuresthatré ... — Z<% S— —‘ ..."ff—F —=ST «*"'S'ie «"<tfe. . Fe—- .28 f

wide. (Courtesy of S. Yoshioka, Osaka University, Osaka, Japan,
http://www.nisenet.org=viz_lab=image-collection
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Gecko foot

FIGURE 1.3
The feet of the geckocling to virtually any surface.Thisimageshowsthe soleofagecko’s foot. The adhesiviamellae
on the sole have millions of branching hairs that nestle intoano scalenicheson the contactsurface.(Courtesy of
A.Dhinojwala,University of Akron, Akron, OHhttp://www.nisenet.org=viz_lab=image-collection

FIGURE 1.4
The feet of the geckocling to virtually any surface.This SEMimageshowsthe branching hairs on the foot's adhesive
lamellae. These hairs nestle into nanoscale niches on the contact surface. (Courtesy of C. Mathg&drCompany,
Hillsboro, http:// www .nisenet.org=viz_lab=imagecollectionNasturtium

FIGURE 1.5
The lotus effect describes water droplets rolling off leaf surfaces, removing dirt and contaminants.
This phenomenon can also be seen in the more common nasturtium. Thésaves are covered with wax nanocrystal
bundles that trap air and force water to beadnd rolloff. (Courtesyof A.Ottenand S.HerminghausGaottingen,
Germany http://www.nisenet.org=viz_lab=image-collection)
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NATURE AT NANOSCALE
Nasturtlum leaf (2500x)
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FIGURE 1.6
The lotus effect describes water droplets rolling off leaf surfaces, removing dirt armntaminants.
This phenomenon can also be seen in the more common nasturtiufrhis image shows leaf sections covered with
wax nanocrystal bundles that trap air and force water to bead and roll off.
(Courtesy of A. Marshall, Stanford University, Stanford AChttp://www.nisenet.org=viz_lab=image-collection)

Il CHARACTERISTICS ORRB.K AND NANGSIZEDMATERIALS

3.1 What Is the Difference between Bulk and Nan8ized Properties of Materials?

When the dimensions of solids are lowered to nanometers, the propertiesf these solids change-properties like

strength, melting temperature, color, electrical conductivity, thermal conductivity, reactivity, andnagnetism. The
magnitude of such change is size dependent, i.e., the dimensions in nanometers determine the amotichange.

When the dimensions of a material are reduced from large macroscopic values (meters or centimeters)very

small sizes, the properties remainthe same at "¢ —4 fet —Ste eefZ7 ... Sfe%ote e—f"— —* —fet "Zf..1%
dimensions fall below 100nm, signi @ ... fchangesin properties occur. Reductionin one dimension keeping other

two dimensions large, results in a structure known agjuantum well Reduction in two dimensions to nano size,

while one remains large, results in a structure calleduantum wire; and the reduction of all three dimensions to

nano size results in the structure known as guantum dot(QD). At the nanoscale, the number of surface atoms is
greater than that of the bulk material. The number of atoms in the nanocluster (sufa-to-volumeratio) determines

the changein the electronic, structural, optical, and acoustic properties of the material. This surfae®-volumeratio
relationship allows the possibility of using size in nanometer regime to design and engineer mategavith new and

possibly technologically interesting properties (Poole and Owens 2006). Also, between the gas anddense phase

of liquids and solids lies an intermediate state called clusters; these small agglomerations of akand molecules

have properties rot found in gases or condensed matter. This relatively newetZt *~ ...Z —e—Hasthe..<te.. %
potential to make important advancesin areas as far-reaching as material science, environmental chemistry,
catalysis, and biochemistry (MRI2007).

3.2 Applications of Nanotechnology

3.2.1What Are the Applications ofNanotechnology?
At the nanoscale, materials exhibit novel electronic, optical, and magnetic propertieshich have led to new
applications of nanotechnology.Advances in nanascience have enabled researchers toanipulate the behavior of a

“single cell,” reverse disease,and repair and grow human tissues. Nanotechnology is supplying |mproved services

in the areas of energy, lightingcomputing, printing, and water aZ —"f —<'e& fo‘—1..Se‘Z ' %0> <osQDf—<'eed o—
semiconductor nanoparticles, carbon nanotubes, and nanoshells (see Table 1.4), have led to the ¢akion of

electronics hardware devices using the “bottorup” approach in contrast to present “topdown’ 'approach.
Nanotechnology has numerous otherapplications. In concrete manufacturing, the introduction of nanotubes

increases the strength of cement. In plasticand polymers manufacturing, the use of nano particles allows precise

control over color change and increases the strength of the materialslanocomposite materials are being used to
manufacture various auto parts including body panels, instrument panel, bumper fascia, freehd module bolster,

etc. Inthe medicala t Zt4& ofe'—=1...Se*Z %> Sfe ,ffe —eft —* o——1> .. fticlesthave.bp@v «-"— ...
used forthe@ " e ... fo— <of %oco% ‘=~ ——e'"edq
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Fluorescent nanoparticles have been employed for the diagnosasd treatment of cancer.Nanoparticlesof gold and
palladium have beenusedto remove toxic chemicalsfrom water. Used as catalysts,cancerthe rapies, sunscreens,

anti bacterial composites,solar cells, and, more recently, advances in miclo—«<t«<...s fet  <‘sfee'”e Sf™F oft
possible to fabricate labon-a-chip devices.Nanotechnology has enabled manufacturing processes to yield sneall

faster, and more energyefficient electronic, photonic, and optoelectronic devices. Thea”e— %o fef"f—<'e *~
nanotechnology (1990s-early 2000s) dealt with improving the performance characteristics of existing micro
materials; the second generation of nammaterials (2006 onward) is leading to the fabrication of devices that are
cleaner, stronger, lighter, and more precise (Minoli 2006)Researchers at Penn State and the University of
Southampton (United Kingdom) have created a breakthrough in optical elgonics by developing atechniqueto dl

an optical wer with micro and nano semiconductor structures. This structure enablesthe optical her to carry

multiple wave lengths of light, and thus increases the data transmission capability tremendously. New
developmentsin nanotechnologysensorshave generatednew interest in micro electro mechanical MEMS}based
systems.Suchdeviceshave applications in communications,medical diagnosis,commerce,the military, aero- space,

and satellite systems.The extensve array of fabrication infrastructure developed for the manufacture of silicon
integrated circuits has contributed to the development of systems having components of micrometer dimensions.
ThinoZetf toc—c'o’” L foeete ‘" ZFfFT™Mc-Sft fe.. 1127 us&d th hfakd MEMSdevies Fhete [ "1
major advantagesof MEMSdevicesare miniaturization, multiplicity, andthe ability to directly integrate the devices

into microelectronics (Poole and Ovens 2003). The integration of MEMS and nanotechnology not only improves
overall device performance, such as reliabilitybut also reducesweight, size, power consumption, and production

costs. Hybrid systemsusing MEMSand nanotechnologyallow the design and development of novel electreoptic
sensors, lasers, and RF=millimetewave components such as phase shifters, switches, tunable dters, micro
mechanical  resonators,acousticandinfrared(IR)sensors,photonicdevices,accelerometers,gyros,automobbased
control and safety devices,and unmanned aerialvehicles(UAVs)for battle =eld applications(Jha2008).

Following the recent discovery of the antimicrobial properties of silver metal, silver structure andgarticles are
being used in the manufacture of variouproducts. When silver is transformed into very small particles, it exhibits
antimicrobial properties that are not present in the bulk material. This antimicrobial property of gver has been
incorporated in various products. For example,accompanymanufactures sockswith silver threads woven in with
cotton and other synthetic dersto prevent odor. Historically, in the Indian subcontinent during the Mughal empire
and in the princely estates, it was a common practice in the households to use metallic sih@wls for drinking
water, silver rings were used to treat various ailments, silver leafs were used to decorate dessersnd silver
particles were mixed in various medicinesThe use of QDs has revolutionized the optoelectronics area. QDs offer
superior optical properties, high quantumefficiency (95%), and sizetunable emission. The QDs fabricated through
the colloidal synthesis of semiconductors have many applications such as optical sources and if-panel displays
(Zhanao et al. 2008).Another major example of the application of nanotechnology is food science. Advances in
nanotechnology have enabled food science to improve fo@@fety and quality, ingredient technologies,processing,
and packaging. It is estimated that nandood market will be worth $20.4 billion by 2010. Table 1.5 presents a
summary of nanotechnology research activities and applications in various food science areas (FI@@38).

EXAMPLES OF NANOTECHNOLOGY (FIGURES 1.8 THROUGguafa#)m corral

FIGURE 1.7
Thecorralisanartio...<fZ o="— ... ——"%f .. "F1f—11T "7'e vz <"'e f—'ee St oSf" "ffee ‘e f
patterns in this scanning tunneling microscope image are formed by copper electronscontt ,> —St <"'e f—‘eed
The radius of the corral is aboti7 nm. (Courtesy of D. Eigler, IBM Almaden Research Center, San Jose, CA,
http://www.nisenet.org=viz_lab=image-collection
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Nlckel nan0W|res

A qul. .

FIGURE 1.8
The orientation of the nickd nanowires shown in this SEM can be changed by altering the direction of an applied
magnetic ot Zta St «f '™ 200 hivtingliameter and about 20 mm in length. (Courtesy of W. Crone,
University of WisconsinMadison, Madison, WI,
http://www.nisenet.org=viz_lab=image-collection

EXAMPLES OFNANOTECHNOLOGY
ZnO nanowires

1

Ly
\m, * ..

LR ‘ Il
UM i]"\h‘;{ IGURE19 .hhmﬁg" ‘1*:".!?

Vertical arrays of zinc oxide (ZnO) nanowires oa sapphire substrate. The sample displaydd the imageis about
10mm wide.(Courtesyof S.DayehUniversity of Californiaat SanDiegoSanDiego,CA,
http://www.nisenet.org=viz_lab=image-collection)

A nanowire resting on a human hair

FIGURE 1.10
ThisSEMimagecomparestherelativethicknessofatypicalnanowireincomparisonwitha strand of human hair. €air
is about 100 mm in diameter; the nanowire’s diameter is about100nm.(Courtesyf
http://www.nisenet.org=viz_lab=image-collection)
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EXAMPLES OFNANOTECHNOLOGY
Nanotube yarn

FIGURE 1.11
This SEM image shows nantibe yarn thers drawn from a “nanotube forest.” The yarn’s diameter is about 1 mm.
The nanotubes from which it is being drawn are each abod0 nm in diameter.
(Courtesy of M. Zhang, UTD, Dallas, Tittp:// www.nisenet.org=viz_lab=imagecollection_Siliconnanowire

FIGURE 1.12
Silicon nanowire. (Courtesy ofFonash Research Group, Penn State University, Philadelphia, PA.)

EXAMPLES ORANOTECHNOLOGY
ZnO nanowire

FIGURE 1.13
ZnO nanowire.(Courtesy of Fonash Resear@roup, Penn State University, Philadelphia, PA.)
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FIGURE 1.14
ZnO nanowire growth (Courtesy of Fonash Research Group, Penn State University, Philadelphia, PA.)

IV. NANOTECHNOLGYAND EDUCATION AND WRKFORCE OF THEUTURE

4.1 What Would Be the Impact of Nanotechnology on Education and Workforce of thature?

It is estimated that by 2015, nanotechnologywill be a $3trillion a year global industry. In 1997, the investment in
nanotechnology stood at $430 million, risingto more than $9 billion in 2004. Presently more than 800 products
have been developed usinganotechnology.The development of nanotechnology requires multidisciplinary teams
of highly trained researchers with backgrounds in biology, medicine, mathematicphysics, chemistry, material
science, electrical engineering, and mechanical engineering. For innovative advances in nanotectoglohe key is
researchers with expertise in the multiple subsets of these disciplines since so many implicationsdaa $Z te f”%
linked to a nano “micro-revolution” (Khan 2006). Education and training in nanotechnology require special
laboratory facilities that can be quite expensive (see Table 1.3). The cost of creating and maintaining
nanotechnology facilities is a major challenge foeducational institutions. But by using innovative approaches such
as interuniversity collaboration, academiaindustry partnerships, and Webbased remote access to nanofabrication
facilities, educational institutions can overcome the costelated challenges and thus help students and faculty to
become innovative nanotechnology researchers (Khan2006)To address these new demands of the global
marketplace, a skilled work force is required that canmove from industry to industry without retraining. The new
workforce will consistof researchers,technicians,and educators.To developthis work force, new interdisciplinary
educational programs need to be developed and revised. To promote the conditions for the development of
nanotechnologywork force in the United Statesthe NNI program was established in 2001. The NN{www.nni.or g)
provides a vision of the longterm opportunities and benea —e *~ ofe'—f . Se'7Z %0 >4

The goals of NNare asfollows:

B Advance a worldclassnanotechnology research and development program.

B Fosterthe transfer of new technologiesinto products for commercial and publicbeneo — &

B Developand sustaineducationalresources,askilled work force, and the supporting infrastructure and tools to
advancenanotechnology.

B Support the responsible development ohanotechnology.

V.IMPLICATIONS ORNANOTECHNOLOGY
5.1 What Are the Social Implications oNanotechnology?

The projected impact of nanotechnology has been touted as a second industrial revolutioot the third, fourth, or
a”—Sa ,f..f—e<1f 11 «didtionsfeiAgchndldgies such as computers and robotics, nothing has yet eclipsed

the o”e— f Z7 $ocietyas at the threshold of a revolution that will transform the ways in whicmaterials and
products are created. How will this revolution develop? The opportunities that will develop in the future will
depend signia ... fe—Z> —''e —St ™ fse co MS S f e—e " " SfZ7%te%te f'F oF—-&

we develop the capability toredesign the structure of all materialsnatural and syntheticalong with rethinking the
new possibilities of the reconstruction of any and all materials. Such a change in our desigower represents
tremendous social and ethical questions.In order to enable our future leadership to make decisions for sustainable
ethical, economic nandechnological development, it is imperative that we educate all nanotechnology stakeholders
about the shortterm and longterm benea —e & Zcec—f —c‘oed fot "cooegy” ofe‘—F .  Se'7"
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The social implications of nanotechnology encompass many fundamental areas, such as ethics, privacy,
environment, and security(www.epic.org). Nanotechnology, like its predecessor technologies, will have an impact
on all areas. For example, in health care it is very likely that nanotechnology in the area of medicin@ include
automated diagnosis. This in turn will translate into fewer patients requiring physical evaluatioriess time needed

to make a diagnosisless human error, and avider access to healthcare facilities. However, with nananedicines if

the average life span of humans increases, it will create a large portion of elderly persons reqoiyi medical
attention, resulting in increased health expendittes (Moore 2004). It is essential for the nanotechnology
stakeholdersto strive to achievefour social objectives: (1) developing a strong understanding of local and global
forces and issues that affect people and societies, (2) guiding loaggbbal societes to the appropriate uses of
technology, (3) alerting societies to technologicatisks and failures, and (4) developing informed and ethical
personal decision making and leadership to solve problems in a technological world (Khan200&dvances in
nanotechnology also present numerous challenges and risks hrealth and environmental areas.Nanotechnology

risk assessmentmethods and protocols need to be developed and implemented by the regulatory bodies. Eric
Drexler, author of Engines of Creationhas identia 1+ ~*—" ... SfZZ%te%otes <o t1fZco% ™c-S —-St t37%
effects of nanotechnology on society (Drexler1989):

1. The challenge of technological development (control over the structure ofatter)

2. The challenge of technological foresight (theense of thdower bounds of the futurepossibilities)

3. The challenge of credibility and understanding (a clearer understanding of these technologigaissibilities)
4. The challenge of formulating public policy (formulating polices based onnderstanding)

VI.  CONCLUSION
This chapter provided an overview of the state of the art in nanotechnology by exploring the topic$ evolution,
characteristics, equipment, and processeslt also discussed the applications, societal impact and ethical
implications, beneo —« Ad fisks of nanotechnology. New demands on the curricula andork force of the future
were also explored. It is imperative for 21 nanotechnology stakeholders to guide society to the appropriate uses of
nanotechnology,alert society to the risks and potential failures, and provide a vision in helping to solve societal
problems that are related to nanotechnology. As the convergence of multiple disciplines occurs iretform of
nanotechnology discoveries and developments, the time to remake the world witlecome shorter, and thus the
nanotechnology stakeholders will be relied upon to guide society by making future decisions for themane, just,
and responsible utilization of this “invisible”technology.
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