Nano Malzemeler
Asagidan Yukar: Uretim



Nanomalzemelerin Uretimi

Top down

Bottom up

Figure 2.1 “Top-down" and “bottom-up™ approaches for the synthesis of nanomaterials.



Asagidan Yukar1 Uretim (Bottom-Up)

Kimyasal buhar biriktirme (chemical vapor deposition, CVVD)
Kimyasal buhar yogunlastirma (chemical vapor condensation, CVC)
Molekiiler 1s1n epitaksisi (molecular beam epitaxy, MBE)

Arkl1 plazma (Plasma Arcing)

Islak kimyasal yontemler (\WWet chemical methods)
- Yer degistirme reaksiyonlari

- Kimyasal indirgeme yontemi

- Hidrotermal/Solvotermal yontemler

- Tersinir tanecik yontemi

- Sol-gel

- Sonokimyasal yontem

- Biyomimetrik yontemler



Kimyasal Buhar Biriktirme (CVD)
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Figure 2.12 Schematic representation of chemical vapor deposition: (a) thermal and
(b) plasma assisted. From Ref. [14].

Gazin parcalanmasi 1s1 etkisiyle ve/veya plazma ile yapilabilmekte
CVD, PVD gibi yone bagh olmayan ya da gordiuigii yeri kaplama gibi bir dezavantaj
icermemektedir.
Plazma ile gerceklesen proses, proses sicakliginin diismesine yardimci olmaktadir.



Kimyasal Buhar Biriktirme (CVD)

Silisyum nitriir: entegre devrelerde yalitkan ve kimyasal bariyer olarak
kullanilmaktadar.

Ince film silisyum nitriir yiiksek hidrojen icerirse (%8), i¢c yapida olusan yiiksek
cekme gerilmeleri kaplamanin althktan ayrilmasina neden olabilir.
Silisyum nitriir, bu olceklerdeki diger izolasyon malzemelerine gore en yiiksek
direnc ve dielektrik dayanimina sahiptir.
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Figure 1. Schematic diagrams of a GafAs metal-semiconductor field effect transistor (MESFET). Adapted from A. R. Barron, in CVD o Band gap (eV) 5 1.5

Nonmetals, Ed. W. 5. Rees, Jr, Wiley, NY (1996).

3SiH, + 4NH, — Si;N, + 12H,
3SiCL,H, + 4NH, — Si;N, + 6HCI + 6H,



Kimyasal Buhar Biriktirme (CVD)

Wi The CVD process

What is CVD?

“"CVD is a process where gaseous precursors react to form
a solid coating on a heated substrate”
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Molekiiler Isin Epitaksisi (MBE)
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UHV-MBE-X

Rotatable
Manipulator
Mass Pressure
Spectrometer Gauge
RHEED
— Substrate Gun

B
Molecular ‘L /

Thin Layer A
Coating : .._ Reams
RHEED el
Screen P Cell
. ° shielding
. O ; & pry
H  (111)8GaAs
Pyrometer - \\
Effusion 20 nm
Cells LN2

Cryopanel

v" Yiiksek vakumda, molekiil demetinin 1sitilms althk iizerinde tek
kristal olarak biriktirilmesi
v Tek bir atomik katman birikim yapabilme
v Kiristal bityiimesinin ve kontaminasyonun yiiksek kontrolii
v' LED, lazer diyotlari, transistorler, bilgisayarlarda okuma/yazma
parcalarimin uglari... i Alfn S B CoM AL Vo 24y a5 St et RASER ST i e

radial and axial QWs can be also found elsewhere. ™ (d) ZB domains within a WZ GaN NW, acting as QWs. (e) InAs QD on the surface of a {110}-faceted GaAs-AlAs NW.
Adapted with permission from ref. 92. Copyright 2010 American Chemical Society. (f) InAs QDs on the surface of a {112)-faceted GaAs-AlAs NW. Reprinted with
permission from ref. 93. Copyright 2012 American Chemical Society.
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Yerdegistirme reaksiyonlari

0.02 M FeCl;
5 M NaOH

OH

pH (9-10)

0.01 M Fe,SO,

Superparamagnetic Iron oxide nanoparticles: clinically approved or in clinical test

_- Coatings:
Component: Dextran (Feridex®, Combidex®, Sinerem®)
F9304, Y‘Fezos
nanocrystal -s==g

Carboxydextran (Resovist®)
Carboxymethyldextran (Feraheme™)
PEG-starch (Clariscan™)

Siloxane (GastroMARK®, Lumirem®)
Sulfonated Styrenedivinylbenzene

Size:
5-60 nm

L Copolymer (Abdoscan®)

Box 2.4 Synthesis of metal chalcogenides.

Chalcogen is added to the metal precursor solution in a hot coordinating sol-
vent.

CdE (E =85, Se or Te) NPs: Chalcogen is added to the Cd precursor (dimethyl
Cd, Cd oxide, carbonate, or acetate) in a hot coordinating solvent (e.g.,
tri-n-octylphosphine oxide, TOPO). High temperature is maintained for fast
particle nucleation followed by lowering the temperature for slow particle
growth.

Doped ZnS NPs: ZnS nanophosphors doped with halides, Cu™-halides,
Cu*-AP*, Cut-APF*-Mn**, or Mn® can be prepared by the colloidal
precipitation method at room temperature.

In a typical synthesis, aqueous copper(ll) acetate solution is added to agueous
ZnS0, solution; to the resulting Zn**-Cu®* precursor, Na,S0; is added;
SO, gas generated during this process reduces Cu** to Cu™; and followed
by the addition of solution of Mo *+/AP+/F~/CI~/Br~/1~) and PVP solution.
Finally, Na,§ solution is added, leading to the precipitation of doped ZnS
nanoparticles.

v' Partikiil boyutu, partikiil dagihm, kristalinite, morfolji

kontrolii yiiksek

v" Konsantrasyon, sicaklik, pH, zaman, eklenen diger

reaktantlar prosesi dogrudan etkilemekte

v' Partikiillerin miiyiime mekanizmasi ¢ogunlukla difiizyon

veya Ostwald olgunlasmasi ile ger¢eklesmekte

v' Metal oksiteler, metal kalkojenitler, netalik nanopartikiiller

uretmek miimkiin



Yer degistirme reaksiyonlari

WARNING:

This experiment uses toxic and carcinogenic
reagents and directly handles extremely hot
liquids. Gloves, protective clothing and a fume

hood should be used. This should be performed

by, or under the direct supervision of, an
experienced chemist.




Kimyasal indirgeme reaksiyonlari

Metal salts + capping agent + reducing agent
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Figure 2.14 Schematic representation different capping agents (a) polymer: (b) organic lig-
and, and (c) micelle. (See color plate section for the color representation of this figure.)



Kimyasal indirgeme reaksiyonlari

Box 2.6 Preparation of silver nanoparticles.

In a typical synthesis, 0.85 g of AgNO; was dissolved in 100 ml of aqueous solu-
tion of 0.85 wt% polyethyleneimine (PEL, M, 600,000-1.000,000) and homoge-
nized by stirring for 2 min. It is followed by the addition of 1 ml of 35% solution of
formaldehyde and mixing the resultant solution well. Light yellow color appeared
after 2 min, indicating the nucleation and growth of Ag NPs.

Polyethyleneimine
= (PEI) polymer
solution
Polyethyleneimine with silver ions
HCHO Reduction

4

{10-10)
-
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9. Dm0pariCing coRo Ag nanoparticles capped with PEI

Box 2.6 Preparation of Ag NPs by reduction method. Manoth et al. [16] © 2008. With
permission of Elsevier. (See color plate section for the color representation of this figure.)




Kimyasal indirgeme reaksiyonlari
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Figure 2. TEM micrographs of Pd,Sn NPs with different aspect ratios (AR): (a) 43 + 02 nm, AR =1;(b) 9 + 1 nm X 6.8 + 0.6 nm, AR = 1.3; (c)
15#1nmX7+1nmAR=21;(d)24+2nmX 7+ 1nmAR=34;(e) 44 +4nmX 10+2nm AR=44,(f)98 +8nm X9+ I nm AR =
10.8; (g) 130 + 10 nm X 24 + 4 nm, AR = 5.4; and (h) 290 + 20 nm X 12 + 3 nm, AR = 242,
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Hidrotermal Sentez I¢in Otoklav Ekipmanlari

Ortam sicakligindan yiliksek sicaklik ve ortam
basincindan yiiksek basinglarda gerceklesen
sentez islemine hidrotermal sentez denir.

v" Cozeltinin elektrik iletkenliginde ¢ok
yiiksek artis
v Yogunlugundaki yiiksek diisiis
v Madde tasiniminin ¢ok kolay ve hizli olmasi
v" Yiiksek kristalinite ve tek kristal



Hidrotermal Sentez

Hidrotermal yontem ile sentezlenmis hematit nanoyapilar

SEM HV: 5.0 kV WD: 6.38 mm MAIA3 TESCAN 5.0 kV WD: 6.00 mm MAIA3 TESCAN SEM HV: 30.0 kV WD: 7.63 mm MAIA3 TESCAN
SEM MAG: 100 kx Det: InBeam 500 nm SEM MAG: 200 kx Det: InBeam 200 nm SEM MAG: 200 kx ‘ Det: TE Bright

View field: 2.76 pm | Date(m/d/y): 09/11/17 | BARTIN UNIVERSITY View field: 1.38 ym | Date(m/d/y): 09/08/17 BARTIN UNIVERSITY View field: 1.38 ym | Date(m/d/y): 09/19/17 BARTIN UNIVERSITY




Sol-Jel Yontemi
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Figure 2.16 Schematic representation of sol-gel process for the synthesis of a variety of Group silicon bridges

nanostructures. Hench and West [19] © 1990. With permission of ACS.

1- Sol hazirlanmasi: Alkoksit ya da metal tuzlarindan hidroliz yontemi ile kararli soliisyonlar hazirlanir.

2- Jel hazirlanmasi: Hidrolizden sonra soliisyon yogunlagsmaya ve polimerlesmeye (jel) baslar. Bu asamada
parcacik boyutu birkag nm’ye kadar biiyiir.

3- Sineresis (s1v1 birakimi): Yaslandirma islemi ile jel katilasir. Bu asamada olusan nanopargacik boyutu biiyiir.

4- Kurutma: Suyun ve diger solventlerin uzaklastirilmasi. Kalsinasyon ile yiiksek sicakliklarda da yapilabilir.



Biyomimetrik Yontemler

Figure 2.18 Scanning electron micrograph (SEM): (a) magnetotactic bacteria (Magnetospir-
illum gryphiswaldense) cell: (b) magnetite crystals observed at the ends of the chain in magne-
totactic bacteria. Bazylinski and Frankel [23] © 2004. With permission of Nature Publishing
Group. Actinomycetes are Gram-positive mycelial bacteria, known to produce a wide variety

Diger yapay manyetik nanopartikil sentezlerine gore biyo-uyumlu, of industrially and medically relevant compounds (antibiotics, chemotherapeutics,

b Py S S
0.5 pum
=

fungicides, herbicides and immunosuppressants)

- LA
. ®oebls)
» e

glvenli ve siiperparamanyatik olusu ile avantaj saglamaktadir
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Figure 2.19 Plant Curculigo orchioides (inset shows dried root) root extract used for
nanosynthesis and AFM image of resultant silver nanoparticles. Courtesy, Dr. Sushma Dave,
VIET, Jodhpur, India. (See color plate section for the color representation of this figure.)

Diatom



TABLE 2.3 Extracellular Bionanosynthesis of Nanoparticles

Biological Entity MNPs Synthesized (Size
Bacteria

Pseudomonas aeruginosa Au (15=30nm)
Rhodopseudomonas capsulata Au (10=20 nm})
Bacillus megatherium Au (02=03 nm)
Bacillus subrilis Ag (05=60nm)
Bacillus licheniformis Ag (50 nm}
Enrerobacter cloacae Ag (50-100nm)
Escherichia coli Ag (05=25nm)
Lactobacillus fermentum Ag (12 nm)
Klebsiella pneumonia Ag (50 nm)
FProteus mirabiliz Ag (10=20nm)
Brevibacterium casei Ag (50 nm}
Actinomycete

Thermomnospora sp. Au (08 nm}
Fungi

Verticillium sp. Ag (25 nm)
Frsarium semirectum Ag (1060 nm)
Fusarium oxysporum Ag (20=25nm)
Phanerochaete chrysosporium Ag (100 nm)
Aspergillus fumigatus Ag (05=25nm)
Aspergillus clavarts Ag (10=25nm)
Aspergillus flavus Ag ((7-10nm})
Frsarium solani Ag (05=35nm)
Fusarium oxysporum Au (20— nm)
Trichothecium sp. Au (5=200nm)
Colletotrichum sp. Au (20—40nm)
Algae

Sargassum wightii Au (2040 nm)
Plant leaves extract

Pelargoncum graveolens Au (2040 nm)
Cymbopogon flexuosus Au (0.05=2 nm)
Tamarindus indica Au (20=40nm)

Coriandrum sativim

Ag. Au (20-26 nm)



