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Olcii vahidlori

Vahidlor

Metr (m)

Millimetr (mm) = 10-3 m
Mikrometr (um) = 10-6 m
Nanometr (nm) = 10-9 m
Pikometr (pm) = 10-12 m
Femtometr (fm) = 10-15 m
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~1026 meter
~1021 meter
~1016 meter
~1014 meter
~109 meter
~10-6 meter
~10-9 meter
~10-9 meter
~10-10 meter
~10-15 meter
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» Olgiilari 0.1 - 100 nm tartibinda, tarkibinda sayila
biloan sayda atom ve molekullar olan istanilan
uzvu vo ya geyri uzvu madda .

Nanotexnologiya atom va molekullar

saviyyasinda operasiyalar edir. Bu migyasi
tassavur etmak ucun nanohissacik futbol topu ils
neca mugayisa olunursa futbol topu da yer kurasi
ile ele mugayisa olunur.

Nanotexnologiya ile biotexnologiyanin hibridi
tobiidir bela ki, bioloji sistemlarda bas veran
proseslarin aksariyyati atom ve molokul
saviyyasinda bas verir.




Nanohissaciklarin makroalamin maddalari ila mijzaylsa

1. Qlukoza molekulunun
diametri: 1 nm
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insan tikindn
galinligr: 0,050 mm
50000

insan tikindn
galinligr: 0,050 mm
1
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2. Diametri 8 nm olan
qizil nanohissacik
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Diametri 8 cm olan
alma
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Diametri 8 cm olan
alma
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g
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3. Huceyradaxili misella
Diametri 13 nm

Sabun képuyundan
yaranan sarlar
diametri 1,3 sm

10 000 000

Sabun képuyundan
yaranan sarlar diametri
1,3 sm

1

Yerin diametri
12 576 km
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4. Kvant noqtasi
diametri: 20 nm

1

1 gopiklik deamir pulun
diametri: 1,9 sm

10 000 000

1 gopiklik deamir pulun
diametri: 1,9 sm

1

Ayin diametrinin 55%-i
1,9050 km
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5. Hemoqlobinin
zulalinin diametri:

6,5nm

Gullenin diametri:
6,5 mm

1000000

Gullanin diametri:
6,5 mm

1000000

Vatikan dovlatinin
arazisinin diametrindan
3 defa cox: 6,5 km

1000000




- The Scale of Things - Nanometers and More
Things Natural Things Manmade
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Logarifma xatkesinda nano va mikro olgulu bioloji stru@%ﬁ m‘}}r\
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Sicanin makrofaq hiiceyrasinin nanohissacik ,a‘ =
miigayisesi. Insanin makrofaq hiiceyrasi-ikig "“
sicanin makrofaq hiiceyrasindan boytikdir \

Mitochondria

. 1 micron

200 nm

400 nm
200 nm

100 nm




1) Dimensionality
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Thin films or
surface
coatings

a) 1D
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b) 2D
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2) Morphology

a) High-aspect ratio
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3) Composition

a) Single material
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(a} Interplanetary dust

dure 160, 2004

uly 31, 3084

(el).Mars global dust storm
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b) Astronfv larin |
skafandrinda

c) Ayin sathinda olan
regolitda -

d) Marsda bas veran
qum tufaninda

e) Marsin sathinda

f) Marsin sathinda
yaranan burulganda




Qum tufanlarinin makro ve mikro miqyasda sakilleri . (a) Cin |Z|\uzwr/
yaranan tiistii duman 2002-ci il peyk sakili ; (b) Pekinda qum tufant: /
Gobi sahrasinda 1998-ci ilde yaranan qum tufani Amerika sabhill

catmisdi ; (d) Asiya sahralarindan goturulmus qumda nanohiss
Planetimizd 10 qum tufani manbaleri ; (f) Simali Amerikaya /gader
tustusunun torkibinda tapilmis bakteriyalar
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. TEM sakili
b)Cenubl
Kaliforniyada bas

B veron yangin, peyk

~ sakili

c) Markazi
Amerikada bas
veran yanginin
tustusu

d) Planetimizda
aktiv yangin
manbalaeri




Rabaul Volcanao, 1884

ci/ildapt

b)Rbaut

Ingiltar

c) Helen vulkaninin
tustusunda olan
nanohissacikler

d) Insanin ayaginda limfa
ddyunlarinin xastaliyi
zamani yaranan siglarin
sathinda nanohissaciklar
tapilir

e) Ruandada vulkan terkibli

i domir oksid ¢cokdukdan
. sonra

f) Afrika kaposis -sarkoma,
limfa ve ganin xarcengi

* zamani ayaqglarda yaranan

nanohissaciklor
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(c) Micigan golunda cu axarlar kalsium
kristallari yaradir va onlarin tarkibinda
nanohissaciklar olur

v

calcium
carbonate
Swirls
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sibczle

Lake Michigan




Insanin foaliyyoti zamani tosadiifon yaranan ig\\\\(/)@‘\

nanohissaciklor = A
. Yemok hazirlayarkon ocaqda yaranan nanohisseCik 2

*  Dizel miihoarriklorindon ayrilan hissaciklor

*  Qaynagq islori zamani




Evlerin daxilinda havanin girklonmasi
(a) gizdiricidan, (b) xorak bisiran zaman, (c) samin tﬁstﬁsﬁndenfg\'

cirklonmanin tarkibinda olan nanohissaciklar- TEM sakili (e) Otaq
sablarindan bas veran 6lum hallarinin planetimizda yayilma intensi

IAP deaths/million
| D-10
| 10- 50 b5
| 50 - 100

o= 1100 - 200 S
| | 200 - 300
" I 200 - 400

F W EErm = Deaths from indoor smoke from solid fuels



Los Anjeles saharinda tusti
b) 2002-2003 —cli ilde Los Anjeles tustuslinun terkibin
nanohissaciklarin vo mikro hissaciklarin miqdarinin"mé
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Nanoolculu organizmlar ve ya nanoolgulu bark toz ?ssagiklari

Foii sokili;;
. (c) Bacillus anthracis —
Ao =N bakteria sporlari, uzun iller
sag qala bilirlar SEM
sakillari ;

(e) Nanobakteriy kulturasinin
SEM sakili ;

(f) Bakteriyanin bolunmasi
zamani sathinda nano
olculu strukturlar yaranir

(a) Aquaspirillum
magnetotacticum —un TEM
sakili ;
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kontakt eds bilan molekula olmadan hluceyrgierke=
garsiligli tesirde ola bilmir ve onlarin hliceyrardaxi
sorulmasi ¢atin olur.
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Receptora tuslanmis (hadafs goturan) Tuslanmamis
Nanohissacikler Nanoparticles










Gumus nanohissaciklarinin Transmissiya-e€
mikroskopu tasvirlori




N\
Ferromayenin TEM sakili (a). Sathi funksiona@%
y -Fe203 nanohissaciyin cxem (b%sf ‘
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Nanohissaciyin olgusunun artmasi ile onun magnit xassasi
a) Kristal qurulusun pozulmasi sebabindan sathds spinlerin istigam
b) Fe (acetylacetonate) — un termal dekompozisiya usulu jls-alnt

nanohissaciklarinin transmis electron microskopu saki

(c) Olcul rinden asili olarag T2-agirligli demir nanohissaciklarinifi A7
MR sokillori . (Adapted from Ref. 9 (®© 2005 ACS(S
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_ n n .\ \ |
2n0 Al-lakhi ZnO nanohlssemkle(:;\\W/

Gox gens istifado olunan oksid yanmkegiricidir. Go ve
duz gadagan zonasi (3.3 eV), boyuk eksiton enej( 5
a

MeV) va yuksak seffafliga ve gorunmea dipazonu

AZO nanohissiciyinin
HAADF sakili
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ium(0) nanohissaciklar

IrCI3 + NaBH4 NPs Ir(0)




CTAB istifade etmakle (A), ikinci ekstraktda (B), dordu
ekstraktda (C) dorduncu ekstraktda nanohissacik Ugbt
alir va ortuys malik olur.




Tursulugu muxtslif olan muhitlerde hazirlanmis-
nanohissaciklarinin TEM mikrosakillari
pH (6 = 30°C). (a) pH = 6; (b) pH =7; (c) pH/=
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nanohissaciklarinin TEM mikrogakilleri (pH
(a) 8 = 15°C; (b) 6 = 25°C; (C) 6 = 35°C:
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S0k 11.2mm 2100k SE[L)

CuO nanohissaciyinin TEM

Zn0O nanohissaciyinin FE-SEM sokilinds qurulusu ve morfologiyasi
sokilinda qurulusu ve morfologiyasi aydin gérindir.

aydin gorunur.




Agar muhitinde suspenziya edilmis metal oksidleri namo
hissaciklarinin SEM tasvirlori
(A) nAI203, (B) nSiO2, (C) nFe304,

(D) nZnO. Oxlarla nanohissaciklarin aqregasiya etmasi
gostarilmigdir.
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Mikro ve nano mi
murakkabliyi/SE
gostoarilimigdir:// /;
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(a) qus yumurtasini
daxili sathi ;

(b) sufra uzumunun sathi

(c) coferi yarpaginin toxunmus
sathi, -

(d) Kilineks kagizi

(e) Muxtalif bitkilarin tozcuqlar

credit Louisa Howard, Charles
Daghlian, courtesy Public Health
Image Library [21];




1 micrcpariicle 1 millon parlicles 1 billon nanozarticles:
il] 60 um ciameter 600 nm diameter 60 nm diameter

Human hair (size of human hair)
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Muharrikdan gixan tustuda yaranan nanohissacﬁa? \/
aglomerat halinda olur - TEM sakillari \& ( .
(b) yollarin kanarlarinda masafadan asili olaraq
nanohissaciklarin konsentrasiyasiazalir ; (c) Lo
naqiliyyat;

Mormalized particle
numoer concentration

C




(a) Sigaretin tustusunda olan nanohissaciklarin paylanmast;
¢okan adamin ciyarlarinda olan karbon birlagmalarinin nanost

100C00
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B0C00 |

40C00 ¢

20C00

Number concentration (1/cm?)
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a) Cicarette smoke nanoparticles diameter (nm| b) = _--_’__;?“Q )




Nyo-York—T
moarkazini

o b Heawy Indoors dust accumulation

torkibind kulli mlqa'g"da
muxtalif
nanohissaciklar amale
golmisdi (b) Otrafs
kucalerdea Agir tustu

Glass liher

v,..-""

cokuntusu ; (c) his
M nanohissacikleri , d)
B suso saplar, (e), (f)
B tiistiiniin torkibinda Ca,
- g S vo O, (g) qurgusun ;
o) o o RN | o CARREESNE B ) titanium hissociklori

Q) Lead parizle
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7 '."-"‘ (b) (e) Cu piramidalari, (f)
Cu mailli stutunlar,
(c) (g) ZnO nanomaftillar,
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(a) Coxd vaj
nanoborucugqlari
; (b) ozulli MWCNTSs,
(c) Silisium gubuglar
(d) Karbon hisi ,
(e)gumius ;
(f) titanium dioksid

(g) Qizil nanogubuglar ;
(h) Silisium zig-zaqlari ;
(i) Magnezium fluorid
spirali.

Miqgyas 100 nm-dir




a) Qaynaq etmo zaman yaranan
nanohissaciklarin TEM sokili ;
b) Asbest liflori .




Hed blood cell

Macrophage cell

J}é
. - e S AN eyasindal pitelié‘g
IR ¢ R o nin SEM sokili.
e G g | (b) Insanin alveol
makrofaq!

(markazda sari)

E.Coli bakteriani
faqositoz edir ;
(c), (d) Ciyarin
alveollari

Regiona deposition (%)

Fartiches dianeter




Nanohissaciklarle sicovulun ciyarlerinin zadal mejwi/
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Unireztes
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c{ 3
Nanohisso ikI%rin ’
olgularindan asili olaraq
sicanin makrofaq
huceyralarina tasir*
effektinin TEM toasuvirlori

(a,b) tasir etmamisdan
awal ,

(c,d)2.5-10 um olculu
nanohissaciklarin tasiri
(e,f) 100 nm-dan kicik
nanohissaciklarin tasiri ;
M —mitoxondrilar




") Red blood cell
v
(@

I‘ ", :
.I \'.‘A'"

\af

Plateléfer (‘ f o

] .d.-lll .: . I 1 'ri‘T - -I" iy (- '{, ‘l:.
. e : 4 } -:_ y 'l " 'l,_" !
'} : ; . b ’ ‘i I 4 [} I': M A
TRd Macrophage ” $
i

N .

& 0 ~mmium]b) Blood cells

& w L 5 ® 08 1.6 2432 40 48 5664 72 8.0
e, g ' %'

'c) Particulate debris from vena cava® =10 _m* d) Composition of particulate debris from ¢)

eritrositlor vo
makrofagqlar ;
(c) Venaya
daxil olan
makrohissacik
lor onun
divarlarinda
qirintilar kimi
toplanir ; (d)
bu qirintilarin
torkibinin EDS
spektri;




Sicanin gara ciyarinda ¢coxlu sayda iklori

olan epiteli hiiceyralori o \(/ \
Hissaciklorin SEM tasvirlari va tarki \

spektri ,

(b) ciyari va (c) boyrakloari xaste olan(
pasientdan goturulmusdur
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Bioleached
silicaCalcined

Calcined silica (400 °C / 2 h)

J.Am.Chem.Soc. 128(2006) 14059.
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Fe3S4 nanohlssemkle%s}
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Bakterial sintezi

72 saat mudatinde
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Lemon otunun ekstraktlnda smtez olunmug ugw \
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Magnit nanohissaciklarinin TEM tasvirlori{aj=a ad

vo (b) yuksak boylitmalarda # //‘f} :
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Sirkonium iki oksid nanohissoci
TEM teswrlerl
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Nanohissacikle bioloji molekullarin: mugayisasi. NUvasinigigimg
5 nm, qabigi ile birlikda 10 nm diametrli nanohissacik \ﬁ

streptavidin (yasil), transferrin (goy), antibody (¢ahray#) % NN
4 F >
£

/

(qirmizi), bir zancirli DNT . Zilallarin kristallari 2
S







Muxtalif olgulu qizil nanohissaciklarinin optik udma spe{tl?\i\%
kicik nanohissaciklarde spektral plazmon pikin vaziyyaeti az: ‘
dayisir.Piklarin vaziyyatina gora kuivetda nanohissacikla
konsentrasiyasinimuayyan etmak olur. Tok-toak nanohis

dar pika malik olur.
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Nanohissaciklar aglomerat amaloa gatirdikda (konsentrasi
pH artiran zaman) onlarin arasindaki masafe kigilir, plaz
ossilyasiyasi qarigiq hissacikler arasinda bas verir vaqirh
goy va boz ranga calir. Hissaciklarin sathinin ortiiy indén/
bu effekt cevrila bilan olur.

Alnm Au (rairake) 1

— 20 A e
— 20 nm A hizh

A scrplion [ )
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Mangqgan birleasmis domir oksidi nanohissaciklarinin TEN §ak\
nanohissaciklari amfifil polimer ortukla (a) tamin etdikda
muddaet tok-tak gala bilirlar va lipid molekullariile ahata
aglomerat halina keca bilmirler, lipi misellarinin daxilind:

a)




Gumus (Ag) nanohissaciklarinin SEM tasvirleri~A)
(B) Ag-30nm, va (C)
Ag-55nm. Miqyas 100 nm.




nanohissaciklarinin ol¢ulerinin muhitin pH-dan asﬂﬂ_@

tosvirlari = -
i

Sokar cugundurunun ekstraktinda sintez olunmusaqi I\Q(

a)pH 2,b)pH 4,c) pH 7, d) pH 10.

. el
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Nanohlssemklerlnaqlomeraswﬂ\/ \
normal haldir

100 nm

from: Xiong & Friedlander, 2001; Roth et af..
2004; Teng et al., 2003







