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Basic Concepts in Nanotechnology
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Nanotechnology is science, engineering, and technology

conducted at the nanoscale, which is about 1 to 100 nanometers.

Nanoscience and nanotechnology are the study and
application of extremely small things and can be used across all
the other science fields, such as chemistry, biology, physics,

materials science, and engineering.
. d@dﬂ\ﬁﬁgeﬁuﬁd%wj

Siasi 0.1 l) st T (e alanl = ) 5 g2 Gulall gz il (e -

. esili 100 GV (R Al



Sl i (] : bl o 2d

e Ladba) Al )l 5 o) (ailad 5 caS i Al 2 s 1 sl oo

gl uladl s

Base V15 3 e LY Lgiusnia g o slall aalia g (salae (3oukal s ;5L A -
(s uldall die

Anzal 53588 cllac Y Ll A8 (5 AV iy ladll (lany HS3 () 2l e 2
Dl ¢ Lgie

e sl 100 e J8 Jlae 8 Al ol shaill g il Jais ilall 4 -
il T dai8ay i (ailiad Lgad 3l ()l giaaty aadius il 3 s
N

6 simall e sl 8 cae Dl ) aSaill e s adl) ) s gl A
A

Lialan i) i)y w7 a0 5 e i S (S ol (S5

| PR RN PG PR U T RN N I R P SO

) )2 g (el g L) yay 15 e il 100 e S Laalagl 5 3ga)
YLl S 8 Lgilandat aadi il o Sy g ¢ Lganiial e 3 )2l 5 lgaailiad

" il



ol i (ot o i : bl 0 2

sl Lngyln 1 iy U g il g 5 alad Ay el Aol o3 s

IS ) 2a3 Nanotechnology gellaal) (ad ¢ Al o3 dna Jalaii (521
¢ QY (I Ll g i I gliag of (g jpad I zliag il S o8 Nano
Lisea Aol 5 ¢ Wl (o sune o Lo () Lgijlia oo (3l Juadl Jal
8aa g Ao Jans Al AU i Nano 4lS o) | (b ) (ale S50 Lgh pas
Al sas gl @l e o a0 sale ) e (i s ¢ Aiina AT Ll
¢ > b Ledsha (5 s il ALl a3 (nm Y eisS) nanometre Nicd
o ils . (1m = 1072 nm ) JSalb iy Haall (e ey slabe o 2l
A s (30 cm) Lelsha gl (A A paall 3 laseall L S35 ) sl
23 4 (millimetres) <l -Salal) s Al gl ¢ L jaa) Ailudl
(mle 2205 <1 mm) 3 soall Alasall o2 2l Cudd Ll xe i 53 ol
6 s O salall QLY 08 (e JS (S laa e ol (g 5de ()

(1mm =10"°nm) dus sl

centimeters

2 3 4 D 6 7

)

1
I\IIII‘IIII IIIIIIIIIIIIII\IIII |II||II|||IIII|IIII Illlllllllllll

.7 em W sk s ia bl ; (3) JSd)




10

Sl i (] : bl o 2d

P SOV WV | PV S P VR NV g B YUY | NN ENR O\
IS5 ¢ i 53 2000 () doms £yl pall L pas o LS ¢ sia 55 70000
ol Lz cailan 48 um je (s i Q0 de (sl aaly yla gl (8
padll ) aladl pa ¢ e sl 0.1 (ssbon sl 33 ) e ) Wl sha
s La gl e Sl 10 2 (A 53l Gualls 5 52 O iy (galal)
e W alay W 1 gLl A e o Jod o @l ¢ i il YT 10
5l bl (saa (pania el (65 i) Cilpasanl) pe Jualai i) Al

ol doaline ) HLa¥) (aay 458 s38 eni A "Nanoscale"



11

Gl i ] o

G283 (32,8 -
oy daly i 93
e 335\ 5 plad

G35 sSa -
oylad alo

it 3310 £

x 100,000

~

35S ylae Alal -
lb).hi&h._!,

ia 3310 Y, 0

x 1,000,000
Al - o 326000 33 la -
lelslo aloy 3390 Jglo aliag a pesd)
hsagils € il e pliS € Bani gl

. (Nanoscale) ¢ Ul (ubidall b cLEY) o dBaY) (any @ (4) JS&)



12

Sl i (] : bl o 2d

Nanoparticles Suilod | il i

aal 585 S )5l Ll "Nanoparticles" sl Cilaps oy 2 (Say

il alall (e ¢ (e sils 100 e i) LD uliie (530 Gpaa JBY) e Ladladl
S odle ) il (<5 ¢ O ia Ll e iy pad o Dan) GEY) o o]
Glapun e KU Gl G S8 a5 ¢ Apalal) Tl 31 3 Y 58 Cay
o Opanadiall 5 cpfial ) alaial e @b il (e lall g dmpdall ) i)

Adliaal) dalall YLl
lgie ¢ Banaie JIST 8 Al L) Cllagus

. Quantum dots 4l Lalal) ]

. Fullerene (xosdll 2

. Nanoballs 4 5Ll <l Sl 3

. Carbon Nanotubes 4 sl ¢y s I il 4

. Nanofibres 4 sl iy |5

. Nanowires 4 sl &Sy 6

. Nanoshells 45Ul 3 5380 7

il Clarea 058 o oS S Slaria G SML paal) e

oo sl Gl nanoclay 4kl sl Glapua Jie dxgadall 8 Slal 53 52 50

Je 4S5 oSl ) Glaywa &l S cellules nanofibers 4— L)



13

Sl i (] : bl o 2d

el Glarall oda dallae a3y VLA le 5 . nanosilicon carbide

Juelial) ciliphail 5 ddead) el Laa™ e

O sl Clarin Leilial e s beliva gl Gl e J gaanl) (S0 LS

iyl sy U ol s nanosilver A—zdll 5 nanogold il

Glarwall sda 5 Lo e 5 quantum dot Al L&l 5 ¢« carbon nanotube

e Gty ylay ymad of (S daeliall

:( Top-down ) uail) 4y b ; Yl

BINSPLITUNES SURN IR POV IEPYES IS PORPICFS PUSEN | EURH - [V S
bac aadiui s (5 sl aaaldl 1) Jsea sl s Lt U (500 2000 50Lal)
e Jemndl Alls iy gl g sl ¢ aladll gl iall Leia A (350
Cfialll é ale 5 ¢ Lale J gandl (Y30 < gl 5 A8l (g0 I la gl o) e
Jmanll Jemutian (Al 5 3l o2a 5168 ad 5l a gl 9ol 5 agh Jeal nsdail () gansy

Ul Slaa o

:( Bottom-up ) sl 48, )k Wil

USA.\\_QA.Q)LU.GH\jyu\wu@mg\@dﬂ\w#\@m&j
BJ;@@)HM& ).33:3}6cg);-c-g);j'é‘)h-ﬁ‘)hj}u\J\}oc-t\ec\.dzﬂ

Sl e ST Clagen oLl il Jall g ol AN aladi (S G il 448



ol i (ot o i : bl 0 2

D e 3l Al il S 5 S0 (3 sk (1o Lgmal 53 5 LSS 8 oSai ]l
. AFM 5 STM

A8S 8y dcliall g dnalall culaplaill 8 Ll jla chaa 5 38 Gl 038 S
Led Al cliuh e g sian g Leaal 53 0 s slalall J) e ¢ YL
i) 2 aladiwly Clapwall ol a e dSaasa iy 5 ST e Jsnaall
. " Nanotechnology " 4iaall

Bottom-up Top-down

i) Bulk

{ .‘} 1 ' V bl DD D (D nanoparticte
Gk OO
2 e A 1
: ’: '_‘ | ’ : 2 ) %} Q Clusters

: OO0  .  ;!}3
3 % Atoms

Bottom tp

A iUl cilasald) judaad skl daa ¢ cillabia ¢ (5) JSdl

14



15

Sl i (] : bl o 2d

The Importance of Nanotechnology Suiloiad| el e

ALaia¥) 13a JS 13al 5 Al o3a 8 Saedd) o3l La 1 s ¢ Lia agall J) gl

€ el pom o) canall Sl 5 ul

5 el Lgmal il At (S 3 AV @l i) b il Clagny oSl alaia¥) o)
100 (e J81 ) (5 3 Gubiial) (yain el (55 5 Balall yaeat Lasind | 5 jgall
Sian cBagns AbiaS s Al 58 Lol i3 el Leld (5l s 0583 (g ¢ il
Leana (A CulS 131 & g jaall Lol g2 (e T € (< 5 Calias Ll g (55
SN Clars e Cilas Apalaldl oda g ¢ salall Ludid (bulk) Sl adal)

M ddde 5 "

ALl 00 5l 0 Spaall s Gl 530 3 Sl 138 ol e 5 (S

et Gt ) (s () 50N Clasand

Lahad) Lalaad) 3045 -3l

53y (A s 3alad) s 33l ) Ol iy A 5 el LSl ) ) s
Ladaw dalie ol j LS e JlhasS Jalis <l g salall () () 3alal) Jels
e sl glall @l HA ane 3aby ) (el daada il daliall 304 ) o) Cus | Jelaiall

Jelilll dlae o A giuall o 33l 5] gl 3 () o s laall ey ol



16

Sl i (] : bl o 2d

Jala 3 A e sy s S el Y (5 AV Gl A ae Sl

(otasSl Jelinl) Aulee 8@l jlin Y ML 5 Tas ST () oS5 salall

A 33l ) (e Lae 21 3 Lgadas Aalise (ld 3alall jrai leaie asli 4 e
ae Loy Laa dlle 8Ua cWLa cld (585 il 5 alal) dans e s giall <l 3l

.LQJEJJ\;AJ\ J\}A\ &L\JJ&AQ_\‘JJM Y d‘;tﬁjzﬂl-).)@

aS oy b il oLl

Gl i) A0 M) e a8 Al 5 il Clapual B ol sled | s
22 gl lapuall oda pal s e 5uS il Ld oSI ol 5 Gla (<l
oS Lialle 6 Lgalls il g (SIS el 8 s ol g8 Sila 3 Sl
aaia ¢ Llsa G allal) e g Lile Sl Al A Y1 403lall 8 8 a gaadlly g
Aliad Clarual) s2a oy Les ¢ sl Gilapa Ao 850 8 5 daga e Ll

e oS0 ol 3 il T ks A ol 5l oyl sl ddslle e milias

e Uai 3l s (Uncertainty principle) 483U ey Gaw Lo zenia 53 (Say s
(Bl a8 A8 Lagined Sy Y e aead (AL a3 3005 Sl )
aan zemail (5 AT 5 jlan) il e 8 Laslay) muai s salall jraal Loaixd
i e Liayl jroay amadl 138 Jala (5 yiSIY1 4 &y gl &1 8 (Gl (5
4 ganall ol (yay gl Gllh 5 (Bayas A8l Ly glua) (5 TY) A8l 8 50l ) ade

_(a:h.u;j\ Jaa W\P@aﬁﬂ\ﬁeﬂbgdﬁmuﬁd\@



17

ol i (ot o i : bl 0 2

&) s "Nanoscale" 5Ll (ulaie 8 2yl o 8l Glo il a2 85 Las

) 6335 Buan AiliasS 5 A0 5 aalie 525 "Nanoparticles” sl Clawa
aaa o adiad GV 5 o) sall L) (ailiadll adiea 4 () 5S5 aaa ol
pailiadll e AS of I JUaS Jas 1 85 (size dependant) Cilapeal) s3a
Lodie LS poati Salall ASilSaall 5 A ) jadl 5 4 el 5 dspdalinall 5 4 Sl
¢ s SV S Sl 8 il s anid (g Ul uLiall Geia Wby il
Lo gadly Jll laladall g | jleai¥) da )3 ¢ (reactivity) dale il ¢ ddua gl

L odle ) A

As Nanoparticle Size Gets Smalier & Surface Area Gets Larger|

Material Properties Change on the Nanometer Scale

O ¢ (Gold) cadd) g g elly o YU dalin j380 3 ,Sa e o i in g
N gall e b il Jelity ¥ sd anle 5 Ll jitae Cadll Gaes o Cag yeull
I el die (V1 a8 Al dSia 10 g ge cnd) 6 131

L._\Au‘ O_Ajsu Q\A: “\.\ e, ‘(‘ d AA\.\lA\ e G <‘ J 4 ‘.\ r-y 1 .\Aj._.]

sal aaan N Sleruall 028 jpaaai a5 4l (Nanogold particles)
Fia sl sl ) e 5l 100 (30 ol 028 alagl i Ledie (g1 ¢ jrual g
Lsad Gy paall Candl (50 (s 138 5 i i3 40 ¢ sia 533 60 ¢ e 5ili 80

| DRI Qi LS Glaruald) s34 J\.:_\\ DA e alids LS_)A\ Q‘)S\ t_sj\



ol i (ot o i : bl 0 2

Of Adaadle ae ¢ 3 ) ya (I Lgdgaiy o) penll Cand Aalil) pe Jolini dpadll il

comalling s oSl glai) ge Jelits Y (bulk) Auslall 4l b

) 80 Gu 4 55U G A Cilagea (9l il 1 (6) JSA)

aie ) s alaia V) 1aa S cnns 8 gl 408 G J sl Sy B Lo IS (e
(gl o3 Aunigy aSail) LSy UL 5 e o Ul Clasis S gl s (al 54
A Y e’ el A0 AT o sgiall 13g] o) () shinll) i i adle Gl
Al ld < gal 58 gl (8 Cilapaand) o2a Cala 65 8 el A giia g daul
s aall A e ST Aaalill Jslall aad Tas A e 385 <l a8y 4y i

ol A Ll 5l i)y Al e Lially AlSal 5

S0y sl (W Lgans b o i) 45855 ) 5 o ) Ui LAY asg s

2\ “‘LAM g"_\l ‘.\?A“ Q‘TH 95 g )S}A 3‘} é.\\ e a A LSH “

: Laal 5 « Scanning Probe Microscopes (SPM)

gl gl Sy Sl -

18



19

Sl i (] : bl o 2d

Scanning Tunnelling Microscopy (STM)
A 5 8l o gS 5 Sa -

Atomic Force Microscopy (AFM)

A g S b S g Sl i d J ) s, Ll ey S

;e 5 ¢« Electronic Microscopes (EM)

emlall (8 SASTY) S5 jSaall -
Scanning Electron Microscopy (SEM)
ALY 55 SV Sy Sl -
Transmission Electron Microscopy (TEM)
(Resolution) i 48 sl Clapus (al s 3y gl A&l ) el Al
4wl Al S5 (Atomic-Level Resolution) o3 s siwsall (A Joad
A 50 ASa) pb g lasaa Yo Cuntiy b g g o gl 7 s pailiad
o3n (i ¢ Caldl lay 1 8l pall 1 LSy a3 Lgmal s 2pa 5 3
s el g bl puilall e Ul 3, dalatia) Cilagll Chend s jeaY!

Al Aualad) VL) paen

by Ll AE 8 JgY) Sleall i ) oL o) U U d sl

(STM) gl il 23S 5 S

Cmallad) oyl daadl o) Ulgea JAT g



STM
Sl plladl oo Juo kil 51

Atom of the Sample

A. Atom of the tip

(platiniridium)

. Electron




: Aoy o) A8
Fouad Nimr Ajeel Jaas sai 3 : au)
| A A
. 1984 -gstéﬂ\-ff g3 - @l :ﬁ#\ TN \"
31l L8 (o3 Aaala LS s Aats gl

S siinss gl
.é‘ﬂ\-’éw\* .-3&

~ _y'

Al g Aale g 3578 AS Ll
TAT g 15 (e S A8 alal) Gl pEN)
Ok 8 Ad gl g A gada Ao U jdia

s W yaa gl ey 5 AN

) A 8 Ll aaalia

bl Aadlee s Jalat g ans o panadiall 8 ) s) abu )l iy = i
Al 5l el RS G b

Al el ) piide e

Aglilaall Sl g Y diae s

Agilaiall il 5 ySIYI pide o lad

A gall A jall g G guall jride o las

Haigls ga il 53 jall jiide @ jlad

Apenlalizall g AL oS i o jlas

Adlall ol 3l ilSaall yida o jlad




