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Tarihce

Hicre: bir nanomakine

Demokritos’un maddenin yapi tasi olarak atomu tanimlamasi
Mezopotamya ve Mayalarda sir renklendiricilerin kullanilmasi
Silica nanopartukdller

Faraday’in kararl altin sollisyonu hazirlamasi

Knoll ve Ruska tarafindan elektron mikroskobu gelistiriimesi
ilk transistér (makro boyutlu)

Richard Feynman: Plenty of rooms at the bottom

Norio Taniguchi nanoteknoloji terimini kullandi

Drexler molekiiler nanoteknoloji konseptini ortaya atti (MIT)
Binnig ve Rohrer (IBM)’in taramali tiinelleme mikroskobu
Folorenin kesfi (by R. F. CurlJr., H. W. Kroto, R. E. Smelly)

Binnig, Quate ve Gerber (IBM)’in atomik kuvvet mikroskobu

Eric Drexler: Engines of Creation: The Coming Era of Nanotechnology, ilk kitap.

Carbon nanotlpn icadi (by S. lijima)

Carbon nanotlip transistor (by C. Dekkar and coworkers)
Stimulated emission depletion (STED) mikroskobu by S. Hell
Moor kanunu asan en hizli transistor (1,5 milyon/s)
Grafenin icadi (by A. Giem and K. Novoselov)

Single-molecule microscopy (SMM) icadi (by E. Betzig)

Figure 1.8 (a) Lycurgus cups. Courtesy of Trustees of the British Museum. © The Trustees
of the British Museum: (b) ancient Maya fresco painting. Reproduced from Sanchez et al. [8]
© 2005. With permission of The Royal Society of Chemistry. (See color plate section for the
color representation of this figure.)
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FIGURE 1.3

Microcar produced by Nippondenso Co. The latest
mode/ has a micromotor 1 mm in diameter, With
FIGURE 1.7  Xenon atoms arranged ona i power supplied by a 25 micron copper wire, the

substrate by a scanning tunneling probe, forming ¢ runs smoothly at a speed of about 1 cnvs
the word 1BM. (Courtesy of IBM,) with 3 V voltage and 20 mA current. (Courtesy of
Nippondenso.,) 1994



Temel Kavramlar

Nanobilim: Nanomalzemelerin essiz ozellikleri 1le ilgilenen disiplin.
Nanobilim, cesitli cisim/partikiillerin 1-100 nm arasinda degisen cok kiiciik
boyutlarda ortaya ¢ikan ozellikleri ile ilgilenir.

Nano, metrik sistemde bir birimdir ve 1 nm = 10-° m’dir.

0,

Hydrogen

Depiction of a hydrogen atom with &3

size of cenfral proton shown, and the

atomic diameter shown as about twice

the Bohr model radius (image not to 2
scale)

1.7:10° A

10 tane hidrojen atomu 1 nm



Temel Kavramlar

Nanomalzeme: Yaygin tanima gore en az bir boyutu 100 nm’den kiiciik olan
ya da bu kiiciik malzemelerin bir araya gelmesiyle olusan malzemelere
nanomalzemeler denir. Saglik, cevre gibl baz1 alanlarda bu aralik 0.3 nm ile
300 nm arasinda olarak degisiklik gosterebilmektedir.

Nanoteknoloji: En az bir boyutu nanomalzeme boyut sinirlar icerisinde kalan
atomik ve molekiiler fonksiyonel yapilar1 kullanarak c¢esitli cihazlarin/aletlerin
yapimina nanoteknoloji denir.

Boyut kaynakli karakterleri, 6zgiin ve oldukca oOnemli fiziksel, kimyasal,
biyolojik, olgu ve islemler sergilemelerine neden olmaktadir.

Yani, nanoteknoloji, malzemelerin atomik, molekiiler ve supramolekiiler
seviyelerde Olciimii ve manipiilasyonunu iceren arastirma/gelistirme
faaliyetleridir.
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Boyutlar
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One-dimensional (1D) assembly
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Figure 1.10 Typical examples showing varied dimensionality in nanomatenals: (a) fullerene:
(b) quantum dot: (c) metal cluster: (d) carbon nanotube; (e) metal oxide nanotube; (f) graphene:
(g) metal oxide nanobelts; (h) nanodiamond; (1) metal organic frameworks (MOFs).



Boyut-Yiizey

Volume 1 cm’”
Area 6 cm”

Side 1 cm

Volume 1 cm®

Area 12 cm’

Side Y. cm

Volume 1 cm’®
Area 24 cm’

Side Y2 cm

Volume 1 cm®
Area 60,000,000 cm?
Side 1 nm




Boyut-Yiizey
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Fig. 2.1. The percentage of surface atoms changes with the palladium cluster diameter.
|C. Niitzenadel, A. Ziittel, D. Chartouni, G. Schmid, and L. Schlapbach, Ewr. Phys. J. D8,
245 (2000).]

- —p Y Uzey atomlari oram % 10

Table 2.1. Variation of surface encrgy with particle size.?

Side (cm) Total surface Total edge (cm)  Surface energy  Edge energy Kenar uzunlugu 1 nm
area (cm?) (J/g) J/g)
0.77 3.6 9.3 7.2X% 107 28 x 101
0.1 28 550 56x 104 1.7 X 10710 o e
0.01 280 5.5 % 10° 5.6 107 1.7 % 1078 — Hepsi yuizey atomu
0.001 28x10° 5.5 %108 5.6% 107 1.7 %10
104 (1 um) 28104 5.5x 108 0.56 1.7 104
107 (1nm) 2.8x 107 5.5 % 101 560 170




Boyut Etkisi

Optically boring !

Optically exciting
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Bulk semiconductor

Figure 1.3 Change in optical properties of a semiconductor ranging from bulk to nanosize.
Courtesy of Grossman, MIT, USA. (See color plate section for the color representation of this

figure.)



Boyut Etkisi
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Figure 1.4: Size dependent absorption and emission spectra of colloidal CdSe
quantum dots.



Nanomalzemelerin Karakteristikleri ve Onemi

TABLE 1.3 Characteristics of Nanomaterial and Their Importance

Characteristic

Importance

Size
Shape

Surface charge

Surface area

Surface porosity

Composition

Structure

Key definin criteria for a nanomaterial

Carbon nanosheets with a flat geodesic (hexagonal) structure show
improved performance in epoxy composites versus carbon fiber

Surface charge is as important as size or shape. Can impact adhesion
to surfaces and agglomeration characteristics. Nanoparticles are
often coated or “capped” with agents such as polymers (PEG) or
surfactants to manage the surface charge issues

This is a critical parameter as the surface-to-weight ratio for
nanomaterials is huge. For example, 1 g of an 8-nm-diameter
nanoparticle has a surface area of 32 m?

Nanoparticles may have occlusions and cavities on the surface

Many nanomaterials are characterized with zeolite-type porous
surfaces. These engineered surfaces are designed for maximum
absorption of a specifi coating or to accommodate other molecules
with a specifi size

The chemical composition of nanomaterials is critical to ensure the
correct stoichiometry being achieved. The purity of nanomaterials,
impact of different catalysts used in the synthesis, and presence of
possible contaminants need to be assessed along with possible
coatings that may have been applied

Knowledge of the structure at the nanolevel is important. Many
nanomaterials are heterogeneous, and information concerning
crystal structure and grain boundaries is required

Source: Courtesy of PerkinElmer, Inc.



Dogadaki Nanobilim

TABLE 1.1 Bio-Inspired Unique Properties

Natural System/Materials

Bio-Inspired Properties

Substructure of nacre

Spider silk

Wood, ligaments, and bone
Eels and nervous system
Deep-sea fis and glow worms
Butterfl and bird wings

Moth eye

Lotus leaf, human skin, fis scales
Shark skin

Gecko’s feet

Human brain

Low-density, high-strength composites
High-tensile strength fiber
High-strength structural material
Electrical conduction

Photoemission

Photonic crystals

Antireflect ve

Hydrophobic surfaces, self-cleaning
Drag reducing

Adhesion

Artificia intelligence and computing




daki Nanobilim
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FIGURE 2.7

Mussel anchored to a surface by filaments called

byssus. (Courtesy of Mieke C. van der Leeden, TU Delft)



Dogadaki Nanobilim

(b)

Arrays of setae

(d)

Figure 1.7 Gecko's adhesive system structure: (a) ventral view of a tokay gecko (Gekko
gecko): (b) sole of the foot showing adhesive lamellae; (c) microstructure: part of a single
lamella showing arrays of setae: (d and e) nanostructure: single seta with branched structure
at the upper right area, terminating in hundreds of spatular tips. Hansen and Autumn [6], ©
2005. With permission of National Academy of Sciences, USA. (See color plate section for
the color representation of this figure.)




Dogadaki Nanobilim

Figure 1.4 Nanotechnology in nature: (a) electron microscopic image of a sensory patch in
amphibian ears. http://scinerds.tumblr.com/post/35542105310/stereocilia-stairsteps; (b) pea-

cock feather showing barbules, representing a photonic lattice: (¢ and d) electron microscopy
image of transverse and longitudinal sections of barbules. Zi et al. [2a] © 2003. With permission

of National Academy of Sciences, USA. (See color plate section for the color representation
of this figure.)



Dogadaki Nanobilim
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Figure 1.5 Natural and fabricated antireflect ve surfaces: (a) schematic of a moth; (b) scan-
ning electron micrograph of antireflect ve surface of a moth’s eye (scale bar = | pm): (c¢)
biomimetic replica of a moth eye fabricated with ion- beam etching. Parker & Townley [2c]
© 2007. With permission of Nature Publishing Group.



Dogadaki Nanobilim
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FIGURE 2.10
Spider web.

d

MA silk

Schematic structure of spider MA silk. The thread is composed of small crystalline b-sheet rich subunits (see
close-ups) which are embedded into an amorphous structure. The crystalline and noncrystalline parts are
covalently connected, ensuring the coexistence of strength and ductility. Diameters of MA threads depend on
species, but also on age. weight and state of health of a specific individual.




Dogadaki Nanobilim
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FIGURE 2.11

Microstructure of a white rhinoceros horn. The
horn tubules, surrounded by the intertubular
matrix, act as a composite material. (Courtesy of
Tobin Hieronymus et al., Ohio University.)
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FIGURE 2.12

Schematic three-dimensional view of a white
rhinoceros horn, where the various components of
the composite material forming one horn lamina
are indicated. Fach horn tubule is composed of the
cortex and medullary cavity, which is surrounded
by melanized and non-melanized intertubular
matrix. (Courtesy of Tobin Hieronymus et al. Ohio
University.)




Dogadaki Nanobilim
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Kendi kendini onaran malzemeler
(a)

Polymer matrix ———

Propagating crack

Catalyst —
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healing agent
(liquid encapsulated monomer)
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and contacts with catalyst

()
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Figure 4.1 Self-healing process based on the incorporation of microcapsules. (a) Crack
propagation up to healing agent capsule, (b) monomer flow, (c) crack healing by polymerization.



Dogadaki Nanobilim

Kendi Kendini Onaran Malzemeler

IMPERIAL MOTION Mashable




Dogadaki Nanobilim

Lotus Etkisi

=

(b) (c)

Figure 1.6 (a) Lotus (Nelumbo nucifera) plant: (b) spherical water droplet on a nonwet-
table lotus plant leaf. Blossey [6] © 2003. With permission of Nature Publishing Group. :
(c) self-cleaning: a drop picks up the dirt particles as it rolls off the leaf’s surface.
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Ticari Uygulamalan

TABLE 1.5
Specifi Applications

Summary of Some Commercialized Nano-Based Products and Their

Broad Area

Type of Nanomaterials

Specifi  Application

Environmental protection

Food technology

Energy: conversion,
storage, and distribution

Healthcare

Textiles

Cosmetics
Defense
Aerospace
Automotive

Sports equipments

Nano zerovalent iron
(nZV1)

Nano ZnO, TiO,, CeO,

Nano clay

Pd- and V-doped carbon
nanotubes

NPs of gold, silver,
magnetic oxides,
polymers

Silver nanoparticles

Nano TiO,
Nano TiO, and nano ZnO

CNTs, graphene, metal
nano-oxides,
nanocomposites

Clay nanoparticles

CeO, NPs

CNTs, carbon nanofibe |
nanocomposites

Remediation of ground and
surface waters exposed to
chlorinated hydrocarbons

Protection from UV radiations to
preserve wood, concrete, and
metal surfaces

Packaging material to enhance
shelf life of food

More efficien fuel cells by
increasing storage capacities
and faster hydrogen
absorption Kinetics

To achieve better resolution and
contrast in MRI and CT-based
imaging for diagnosis, therapy
and targeted drug delivery

Integrated in dressing and
clothing to prevent microbial
growth and odor

Self-cleaning and wrinkle-free
clothing

Soaps, sun screen lotion,
moisturizers

Ballistic protection, Kinetic
energy penetration, stealth
technology

Fire retardant aircraft interiors

As catalyst to enhance
combustion in diesel fuel

Stronger and fl xible golf shafts,
tennis racket, racing bicycle
components




Potansiyel Saghk ve Cevre Riskleri




