<

= j10 o5




(las) Sl dores
S Sl
& rare ol
2l
S

gl sl




Sl el yad,

‘ | ‘ ’ ‘ s E »’ s o
u 5 . ‘Jn -
. ¢ b ’ e

‘on“ r :-_'

Aoz )3

> glell Budio 7luo

da>| 0

NS



FIE S VP S S | VKUY I | - S |
Lo

L il o & gl Lo Sl i S Tl A ad)
Tl e Ll ¢ el Gl Flos da 5 o
)

(Gadas pyley DLE) - . 0 296

292 2285 Lo i3l é

Lo de el

ISBN 978-9953-0-1364-0

P O B O Pl I CH L
(el ) e (Jtlasl 2o (e 20) ol s
S DU O |
620.5

PP A N NP S MR RN
i U il dekidl s Saldl e
Sargent, Ted
The Dance of Molecules:

How Nanotechnology is Changing our Lives
© 2006 by Ted Sargent

e Bgin iy dy Wl A I G g poer

dodsill -yl dokaioll @
1135996 1 . e ¢l o aagll o Al
obJ - 1103 2090 Q}Jﬁ_;\fé-\
(9611) 753032 IU.SU / (9611) 753024 _ 753031 : sla
e-mail: info@aot.org.lb - http://www.aot.org.lb

oy ol Bl Sl ys S 0 a5
1136001 10 . o 52l pob chaglh e &by
obd 22034 2407 S8 - ;\J.;L\
(9611) 750086 - 750085 - 750084 L0 5als
(9611) 750088 © S / g pm - €y, 00 (i,
e-mail: info@caus.org.lb - Web Site: http;://www.caus.org.lb

2008 (o) IV O 58 c s - daY dndall




tgstaxt 583 )
laSoy raghes b gidy sl S

S S g J)
zosdl play JaYU bl g
Aol gl ftianadly GV Doy






................................................. Bl 35 1l M el

.................................................. Blesd! 1 oSl ol

.................................................. S el © sl Juadll

.................................................. g'—r\...:.’-Y\ ZGL...“ J.a.é.“



223 JlayJ 1 anldl foadll
257 odgdl T Aass
269 Slbdbaddl ol
273 oo P AOR O
285 oo e o
293 o o



I CIEPL L I SN v Teow Q;jL?._:.uosirJ

b A Jedl o B, 5090 b (Greta Garbo) 45 Ly 2

Jore b paaid] Of e D-.,.J(f,w 5 e i) oda

bl Leadd  sdalicns 5l L Ules coS L 4 255 5L

e AR L5 55Ty 5LV o ylos o3k «(Mata Hari) s
Bl b wily sy M

ool AL e o 1leSs hleny g Uy LSO oS

Yoy e
oo ST G Ay ((Matter) asladl e LUSTH 4 Lo b as LS
$lasen Tl slodl ) Lgisle] oo 0550 Blels oy 2 e &I
el LS 03 el J e Ll A5 055
Vises ;olindl miey o o3 cny Lad 5,000 oy 5 ) Lgasl
Al s ) glesdt S



Lodd OS5 ¢ B as i 5350 g & 01 DU 5l LS
Lo lbone 6l clgnmn Joolis Cinay L pad oS 5 ) plans
o sl e Radll anS sl e Aits Ll o5 3 il
L 33, oldes 0L L g Ll Lgis e 30 Ll ddons = 50a))
(Lionel sl Jeisd o caddl jpasdt OF G Yy o 5,81
ol Ll cow oslen A LA,-...« sl Jmw A3 O Barry-more)
C:L;.»Lw Tedad Ege 055 OF Com (Blueprints) &Y b s
s ) e BLS)

Ll Ol o, SIN 3 s LS Bsladl b iens 8 O)
e Ll (Ll Oj'uu e e o Ly b eIl
sy Aol gl Sland b Glaid (Garbonium) (e 5,60 I
Mo JSou ddsh dn B dabivs he Lo B 8 Ol SO
sV Q&M\y@\ Qufsbrsu-‘m) 5) e Adnin s
Gl Alanll cons s Ld LAl (DNA) @ gl Lol . g9 U
Lens 555 58Ul crmenS 5V 5355 5Ll Lenssl o 3 STl
azdly L alodly Slall e Wass celdRl ;_,'Laj\ Ll

P HlS Lls O s fas Lo ccinss o Lo O oY

b LS oIl Usm 555000ty 3 glaseadl SLYI
S L ialSae 3 5a5 O Ly ad Sa)l a5y L galedl Il 3 s
Lns A Lk poliadl ColSy BB panes bl gl o DS

() - L) Lt alls Ll s ool e (o ks p0L Ll Sl 2l 01
Lo Al g5 o 8

LN O gzl O o ol gl dhoniny S0 uazsll ((DNA) . gT.07 g5 31 ()
Deoxyribonucleic & 5o YU Aed] c(rmenS Y1 o 5ad! A ol paadn )
AN AR B ge san eyt SIS 5 5 S ) Acid

10



Bl B3] el ygdl 3 dilas dwlis 2y oy &5 e 23lS Lokie sl
OV pole e o jas Il adand Y

593 e bl LUl AV 2T sl sl 0,55 Ley,
iade &8 gares o8 (S Al Ly dokiie 0S5 Lode o,
el ol Ll asdiall oyl o Sl ISba e
Mo ol Ll OF o 3 el elae] Lpragad el
Lo - LS o Ol 2SIV C‘j"i J&5 (Semiconductors)
ool Laglie - b 5 s OF Ladened ) Lad e (Ul
ey Sl ol gy sdos o3 Ol ol WS e sladdl
SLoMT G & Jlaoll 5l ol

Pazadl 3pall eda pediis Fla N1 Jaadl ey S5

r)j:.j éj.gnJ‘ »;‘.Ju s.JLa.A.“ (’) LSJ}V.ACGAJ\A&:'O Ebi a.k:u‘
S e T el asetdl B a LS ol el
B S e Lalsdlly 5 sl Bl Y Sl Al e atene)
s W sl e DU b5

2o sl elgl O T o 155
Lol b Lolo, U Gaslaall olpdeall Gt e BiSay bt

Lo go o proadl G0 e I3 S 033 e S5 sl
o C).; PUELE Y _5\ ‘&_;L..AJ\ i) A.JLG s ol u|)_>r_a__a.;

B P Ol 53 N Ji Y ol a4l

11



Dol &b g ) Bb 0 2T b A3y

5520l iy £58 s pdet Lo s bz Al
w3 b Lhhder L o a5 di ke 0,8 Vyhea OF 5l celaddiy
&p-@\; (ol e a1 O > oYL das
a5 Y oo Upary e JLaV OVT Ll oty
ey ale Ay b ol il d -

UNLT s>~ uW&;W?MQJJ}TMﬁ}
O X ‘JJ}T

eabls e &5l 8 6500 eda 1yallad (ol 1555 oy
PRPR SO IET PN P VL VR SR LI

AN I B Ry bl DLl e L ) eSS

S Bl o Bl CanSS J g Lol Jlos 0f iy o
W dd glasl o Loy § o Laslasdl o U ks Of
<l q.a_;.;z} el syl s Soladl Leslas 2
s OF s a Lde e calls A Ll 2l ool sl
g_i:S :L@,:.&:L)} asLaJt iﬁwwﬁw\ U.A\SB)M C:LI.:_;
e o Slans 5l e 52l (Collagen) o> Y 5531 &1l Jans
Jeow OF o cdazme 2 atd b sl taadll oS OF baday
= 0o P oML S A Al sl ) E s 90 6l
s OV Al b Lde ol s G A1 Sl ol s
g Ol Lede s canbodl oo el IV e Lty Lol 5

12



'YJ&LWO?J@‘Y\) SIOINVIE SO HPSJS
(,.L.Ji (M\leﬁk_ﬂud‘yﬁ\?w@)w
o ch SULSS pllad IS 5y cdlane S La ) sl
b LS Lo yie cod 2 (Sl w355 5 ol &)

.W'j

gyl o o Uy oS5 s il o 501 L)
bed LS ey G Sobadt JI asledl SlSlan O 405 cladalls
Lol ol o ol s ol sl e OV o 00
Lo il I (Macroscopic) 5,801 53lasdl 05 (Nanoscopic)
5y oS oS A o5 B sl U] e amg Loy
b ) bloyl dasS AulS 5 3)u5 O abnad ¥ LS i
(Sequencing Human (g &l pyandl 5 Gliast ciodb
csle el 8] e Jaseadl ol BB W sl o= Genome)
dags Dl e dege SUD Ju a0 Audlly C\}Jl) Ll
Gl I i) (Olop)er I asy ol Lol g I
Lo ads Ll s oY1

AV s boe S5 (I el B plie o gl Ltas
L@.,J.UQ_.H st J...i.l\ RIS ‘L)}UMLJULAML’.H
35 dax LSlnal o) oy Lol Lol (o JS el clagclell
DU 8 ks e LY L Ll peldl L Glened )
s WY gl Ble] e i le RS G (SU) M)
w5 gD sl eV el Sl S ALz e ) 0
b iy del Jdly wiaddt D) Ledlly Golodl JSas 1 o,
- o) aiom S oS il e - w1l (@b e
A JSA e Grjl b smi i b G

13



Ol ey 3 gl B RS L ) Sl a5 Ly

L@.T.).k}- c;.,..Ua.” > é.}b cL;{) (":'“'“‘23)'& i.e.Uh \,'.G.ALJ QﬁyU\
S oy A 5 o el Lo JJ oS0 cla by wldlas
S Y Sl S Gy eeanll s il

o sl

S sl C...;;J kel del 8 Ao pamn as Y
bake Ylam Gl o doaldl o5l Sy adodr Slis ?ﬁ goS
ol By e sl S S e B L) By e el
DB e J st g 5 a1l L el o DY
b slaally Blally

PO INCSN Y-+ I EUN VL U PRI I FUICL | I PN JETC )
o Sl B ooldd) el Ll oL @j RO
I ELL PRC T S PRCHTR PO PRNCICR PV RCH LI PN [
pliinds Lo s Al sl 3 LG e s Dle gares
S ay el ddae 2 &0 Solall e 1o guses aae An )
oo sl iy Aats dagdally sl Jpdadl 3 3l
Y1 I VN U2 U Y SO | R VA RV-3 | BV JUF SO PO N L@M
s\, Al a5 (Paul Ehrenfest) cod ool Js O LS - el 400
I o 585 i alls ey Lad] ey - s 2S00 SIS
oslo el B o por Ledsuind Al olall e dadl gt i gane
A Ble Y o gl dnas dlass a5 gl

Syt e ki O5lan code a0 sl O
g 3ol S ol s> s (Polymer) o end ol e AL

14



or JaS JBsb Ly o elaall blaodly Sl Las st el
LS 55 sl sgdl Q_Ai'p)j.a‘a\p st el p s A b Sl e
ISt ot oSl ne 5y olodly i) s ool
LaS p wSoudl Ll o SOl Bl e Badoe bt oll s
LoVl el S Jas ¢ pall 2Ll desaadl 3l all ods L3

ol

o psn S bl s e or LHLN L ) S

A g G s i elaadl pdall GBS Al Ll

[SUREVRIVIN L CE P OY A PON PRVE ISP AONLN g BT |

O Y gl Al el Ao Y S = SRl

Ll L ) S e s ol Ldany OF oo ) Jjme jlas

Ipogiss Ailie S8 G b 8Osl paimy Lk ol oSG
3l paaa Lae Dbl SISOV | gmem s >V a4

psbad ol po sl 455 00 BlllS Jaasdl el A3

Cleaiie Ogeab ] B radl bt s B ciagdl aas I
Aol pa 3 Jl a8 6 s L el ol s elanSl
lraS o)) &t slaan Sl i paiodl ol il I3
Ly eSle,lal)) slaall o ) cs a5 (Biochemistry
SR S Wy cis Yl Gl oSl «(Pharmacology
P okl G b Bl O) L(Pharmacotoxicity  swaS 55 55 ,6)
i N gl s Al il dadall Slaazead
ol 155,00 8 B paedl et &L g B0y UG s
Ogdigeatly Taals pdr s 005y (O gl e Lo
Sl gl o S50 g b Dl § ety O SO

15



LAl Lol anlpad O g ool 055l L iy I
LY o el e 0l S O getigadl Joms cinilall
Ppse s (RSl BB, e Al 68 Sles kB s LY
Jo s el e I e pgolansl i e B el Al plaod)
v W SR T 1 SEVIN -SSR [ VSO JO. N
R W I JROR B IRVt (R B PR

B 5y5mmr o Loy 0935 &l puball 3 02U OIS
el ol VI ol JSEYI ash oL oVl g e el e
D B3 cpim P e Gl il Ol i 5 0 Sk
15 alary pol &T Y] coels pdn Lo b ol Gl oY1 s OIS
S P 0l s L EUIS Gany Leasd b gl il
sy Lpogly dpadadl DIV g Oy Cally dwigd!
Sl S ¢ JalSin (S s Sl ) 2S5 gy alals
SVl Play sl daets sl iade Plas glany Laelasealy
gl

d»uhnwfg}s“uw,yuwuwm\;
»wu;\y;uw&;ww b S5 aab
Ol Faslasyl Wil 5 Gy c A1 wlse I (LSS
gara b (B Ses | pendia G Lo (B0 sl O gl
Sl e sl el ) Bl e asledl el il
G ddedl 5l t iUl o 5y B e WaadlD (LY
ol Ll s gl Goagh (6T cin s s Sl Aol azi
<A VJL; éi o mas S goka rmj_a_.pi g
S iy Qe ] il o S5 e S5 ol sl
O gadinims oS3 (Ol 2l S okt als 2 JeYI
il sl

16



it i 3 O sl (a1 ) Zadll e s
s 2SI b e bl L o3 (2L 45U
O il OIS A ¢ il a0 SU it B ds SOl
s a g | i OF 5 a5 5m 0 pasis O3 4501
el AT ] n (G e N ek b G e L Y
oMy & el bl Wdss o el I AU de 4aS s da e
ez OF L A oMo gl olisly Samadl e KT SlusY L
J>1s )):...,:J‘J\;S Sble Db dmede 3L ¢S Sy IS8 o Lany
pad Sl B sl BB, O pemedl Ll
b W Ul =) (Lithograpghy) Ll & o Ul 245 plasealy
Aas e el sty s iy < ra gl 100 55l Y Juad
oo Opabe YL a5 0LVt 5 s e YL a1y sl
e by e aslall 5 et g gl

el e s ddh Gt ol s e 5 A8
Gl 0y L pldt dcad) Jald S Dol casleld 1 el
Al BslasiVl &SLl Cid e o tideadl b (i Suile
53 oy 55 O pedigall sons Lodis Sl L 3 5,3
Sands oo Ladadl ieldall CILYY S OF o reol LU S
oe ki ey N asldl Gt oSoel) & pllas 1Y CSlS
Sl padly S e 2 ST s Ll 25 ¢ e 5L 100
asladl Fas L sded ewdigadl e pllaldt OIS e il
e

(1965 & sLpdld oy 5l o 3t SLoA by d3 s
v CSJ;U 4> g aedl (Richard Feynman) Olesd 5 Lz,

17



JEY e Zegames ) aend asl 235 L0 JanY L aaald
(Sperm-Like Diagrams) (& siadl Ul poell (1) palimdly dgnl
Y Sl e Bl el DAL Loy o5 2
s b moloes 1959 aw Ol b d_a_ll . (Elementary Particles)
Jomn Bib Ol yims 250 oV Lol Eomarld 55l plazr ¥l
A3 .(There is Plenty of Room at the Bottom) sl Q_a c..a‘}
s3lald &y madl ol gadly bl 0l IV e Olasd s
8 ity WY el Yl Sl e S s LSS
s o e dsla Ol

st B Ol pl cOled 3 pblme o 3 5he Gyl da
(Gred joi o8 <G5 b (IBM) Gl sh J IR
LBM i.ls LU «(Heinrich Rohrer) ; 25, i ulas Binnig)
DY PR e NPTIC N (TN RN ES IV SEER S+
Ol Olds ezl 53 1986 & b il o 535l 55l Laglil
b laadl 8 5l b g g\l U g Lol 08w LLSIL
et sl ey e ) el Bl e Ll ey )
L U ] Fl s SL T L L g 5 O Js

S5 - G Bl S Sl Cs S W s S
o e ’L\;,L_s 50 ;._Ld OF Syl e JI o3l a3pe ]
J.i.i.}\ SU3 gf“" Jj*mnu &:zjfy_U\} O.:.?L:.‘,S)NU «Oﬁ)u’)) al
raedl W gy DLty (Al G Geredl gk gy 5l
x 2 058 553 035) + (L2 5LS 50 5 5le Ly ,é 035)
Ll LA e TT10x2 = (ol 2

2710

5,5 Jlks Slbe SLle mansy 53 Ja

18



el O phems L Slul,ald Ul o cze e ity Gy 3 0
e e RV e e
Sl ed I el JleST 1 gmd 1 = OV 5L ol
U oo 2 28T G anas LS Of ol Sl a5 bY slaeNl oy
ASaadt e de i Y1 K8 Y o sy i

ol Lf paany pad liger 55 1a

oy €1 L aadl pa) S il psdy Lakis
RREUFCEL R EIR PP K BT 08-1 PR PRV PRCIPAY
JBL &S0 s ppy ailin Opesion Lod g me Sl Wbl
N g e SOL b Ol ol o oM slus L (Intel)
Sh 553 med (Bl @86 aoatld SUT B Olen csladl o5,
IS 6550 ks By o spuls 86, e o Dl e baly
syl s lid e 3B (i gl &Ll -e (Nanoacre) SOl el
el OB U G g ag el ST OB A2l e a1
Gl DY e
s Bdne b olodl cloy dalall oy (e e s
ok (Maple) Cadll 5 B B,y S8 (B 5ypa Jons
oo Y o e sdly s 0 eI ) LS 5
Q_HL»| e dodadl Ll o ledh Sl aeas Lad] claall
r.,.h..; b e lgedan OF wgeBll I g & 5L Lr o) S
S0l s il il IS Wy LU e 0T Lol aslall
L 136 ol ol i o) gow g ¢ (Jean-Marie Lehn) el )b
o deld 4455 (Molecule) &> Js oo a5 Jeo O as O)
O LI SeciL iy SV LR TS PR PeN 1l
Aol AL L e IV e ey ol el e PICEI

19



(o) tosladl dah 5y Bl ety 523l 5 JS U s
o s odae ) B aledl B Slypll e
RINUEEWSPSE WL P CRCH A WPt RIS IS
5 Uees i gl L o KN ;.JL:— o A=, el Uges
o Boladl S5 S Al o slidsy sl sl
Uy IV S oy 5 oSt pldiuiad s < Liliblans
Do S sl Upes . Gl s g ) ) Sy
U ICH PN PN PRPELN ;}u)ﬂ o by U N S
oA Wy dnlall il plid u)r;s ary B olgesy 4
L lede Uz A UG axly A ol s sl Lo 55505

20



- W TR . -

AT

Gnall Lo s gl 155 0500001 0o 51 Sl 52

! (Physical) (g3l |5 gty cdelacadly sL3 )Y r_@_] < dg

S G LS el ST esdS~iws «(Functional) a.b

P Bmn] el Lgh e A Sl sl ool Bdr Lo L;;.x,'.;,

SHUEIG gl Il 5 S 55 05,5 danay Jod

cebolin o atiies OV il (LSS e ()
Alady B Lelldl o, e Sl

S oo Lol ST gl I el e iy
a5 aS BTy copalt b Lt T pkae Glasl @lisy o
Sl sl peall
plls pie el S A B el eledadl T Ll
g 3] cdnl Sl on ey dial 4B (g SLST e 2
O A Sl Ll pag el el Gty (Sl Lpellazad o3
(James Clerk Maxwell) | suSle 05 el O e C.‘L:J\

21



\:JL:-&L.J"}.H Ej_; Jl;j}yULv 65} :\.:......:LLJ&A.SU c—\.;_/,.@_gj‘ ‘5‘}5 J.>-).¢\§
Ol

O PR W I O CH ISR T UL S COpe Y

Sl B shan sl SU el el aw clly sl L
e ey O3 e Sleer e Lie OIS J» §(Circuits)
a5 ol

;M\fd\p\wﬂajjl Q‘g“i)

PSS Al oy e S (i e 15> OLS 13
spddl g Garisld spie Sl b cheze 2B st oL
¢lal

éj.;\.'..” a.L-J‘ dd ael b Lilics)

il et I Y edr e LY & s Ui
S By, 1905 L B cplianl o 0 2 ) Ai (i aiel
Lees 052N o I A ol e ddi i pald
Odnn o el S 33 iy Slald < plad] Ll A
s Y oph, B Sl el O cplas o OV a5
.(Photons) U & 5l O a5

«(Werner Heisenberg) '@,;ﬁu Jugee u.r—;\ 1927 aw u-g
5345 oL «(Quantum Mechanics) N WG 515, e OIS (g
B e M 0 2SIV e e pd g dpdnd 3 L3
S PFRVI JOPS ST [ PR JPORTPIFSIN R IVE Y -
oS elsd Ll il sl il e e e ga 25

22



ol g3 5% Srestdl Ll e Sleadl 0555 e
bl 5 S el 0B

el S el e Sy 16 L g S Le
ol Al e cas O clwllN laradl o S1N
j_p\)j i Sl ool 3 SO LSS O pn) M\
G gledl Leasly) dnall G35 S WS Wi ppiin dadall
Y Ll el L oy 5 S e o] Ladsers didisesl
RUS IR

bt ol 311 e oS Sl o S o5 i)
S b ae Dl hatd e Uy 2SINT Of 1 el S
85 A D38 gl epally L ge B, o b (AL LeS ot
e 3 230 bl B e 85 o L Il e
Ol Las sall uUaJ\ or S s i oas TRV N DUwE
oda a2 (Wave-Particle Duality) (doswdl - dx sodl A5L0) a5
RONSTRE RO Prl PRCHHYEIS) [NV IEHEON [ IS
W WG 1Y

Aol sl e de o bl oo o 25 oSN GG e

sda e Sad Ll pom 1S5 slinl 455 e jlata) ond
RSV LETUT g RS SSSL R €31 0N (4T, NP PRRICHIM T
SLALs 33 5 Ldo = Lediesd ((Quantum Size Effect) qa.?o,_ﬂ
oo sl dih g Soudl vy vl b slenel Sl B s
e g dpdoes SIS o S5l e a oV b e DY
I e L yon dodss OF S5 2SI ey ot sy 2
far Wl B O] s 2SIV Sl pll L a2 L)
L Slaad) e Jodt e Lkt colss 2 oo Wl JC

23



Jl; L)U::.a QL?-)J L,\:Ja.xj 2.1._:_#‘ )U‘}‘YL; c)LL_Qa.H JJ}_! 35dowad!
0B iUl e 3 Ul ey el ame conay d> ) (L)
5o la) buess 5 Ldany 1y 06 j0tme 0l cljd 5 eany JLl
e s S L~;:.H sdelall *3 «(Correspondence Principle) 33! i
SUS Ll e ol 1 ssusl P s e el
NIPRC RSPNVICIETNER SPWIR SN NI ON IR I JT-L
Y_} LC}.;).: 83)>e0 L_fA-} ¢ok Sblos Lg.\._.; Lo g_fe J..a.a; allalt
RCEPRRN L (,&Jl O s slal e e adl Sy

e s O caslodl oS ilas SO SO b5
WU SOV b 2 Bl e dased!

o et 0¥ caslodl Sed ol (SO G b i
oda sdy Lol xSV babicn b SBUall s At
Of g Comizw Al 3Ll Lpazaza 3 e pall OVl Ul
Badaze B3le ) ALl 05U ol Bladl S ezl (S U
dakid b (Bill Bisset) o Jo Lol oS W35 L eenaold OV
(The Tomatoe SlS l,...t. Sound Y Abladall § alge Ol pins & el
: Conspiracy aint Worth a whol Pome)

e S

o 5l A Bla OF 2, e 0555

e Oy Dprdy A e S

L_FA} F‘Jo}- :L]’La.l:.“ OT

C,-::JJ.;L@,LQGL;)). ‘\.ﬂ..ﬁ’d”_‘ \&;9

545 e LY

wu‘ M—‘ CG i:..;L’r:uﬂ

24



spadl Jozs OF ol 2SO 50 N> (o s L)
Dga doed S caldl Wb 5 55l & pdy caf 5 o o
Ssple o0l 55,5 80l die fpadl I jdiul (el (il 8.0
el Opsle #lis Lhe ) wdos L 3]y aaflaadl doenil
Al Sl A B et

Fal Bl ol

5 i el pegd LSl el el 5aS W8
s wblies foxs SldSy Ol ez oyl O et iUl
LS Gy Blhae panad el B frene el Golasl Of . ne
/ - R L_.;q;;\f\ RV S PR

Al (8 maze 5,5 100 e L sy b U jas cos Ll
G5 DUy SV eda Jam by Ja e by ) e W S
e b Gl e e i s Sl G b L
(The Outer i Ll Uy 2SIV 'C‘”T L..J;.e\ S ol =2
spay el g.:_l\ o (C‘Um o5 b 9ds L;.:_H) Electrons)
o Y o, 06 I Laadl e e oA O i Lice
o B e O] tplazaV¥l e LB V) LA iy ol
Mgl 2SO e Ao, Bl Adall sl sbaSOl 3 il

cobyddd sl Gladb Lolss Sl poas faleen
LBl Lgmomdy s JI ds e 38y S5 Juy O 50
3 Eis LSy ddaes Ty deppoll ol J2e 255
S SYRN (PEIN SPEIUIAS VNSV S VY-SV RV IRTSE Y
OECVN JRCNN [ BNCS U WOt T P B S D WO PR R P
Jeol Z3ped Silme on 1 2 05 el dae L

25



ol el bl il

SN Osdas (058 doey (O giban Sy kel clls
AElS o e il) Y 5 e waliss ol ol By 154)5)
3 A ol pn chiny Jelin ate - St - p g3 sl
cpsepall duy S Gl cislate oy Lp Lemslot (ST (S
oSS 3lod Bl Ljg s 8 e du sk clay B3l J.(..M.»
Solasl gl sdad (Bsd s dsl ol e ansl i L) sLael
¢« Jsla (Periodic Table) (5,531 J gl o ol LSad)
Ol g SN L 3l el s Les b b g ol
Asledly Ldoadl slpadly ¢ plaodl WILIL 334 sl B3V
250 (Hibiscus) 5Ll wledly codl als cusl Al 4501
ray 3 Ol )y Lled B 5 b elnddl selasy A 3V
S Lugyl sy (Pinot noir) Sl g sn dees OF VI caduias
oY R u,.S , (Barossa Shiraz)

solsdl ade by (St Sl sl 0,485 O Ky o
oo LSS ! C};:.‘,JIJ Fld S e ST i Leadl
(il y Bl V] eSCs |3 Sl S0 o SanS 5 e Aalall
G ekl Rl aelyy 85 S8 O Y] oy Ll oa LS
r il Bl as ¢l gl gy OV Badazey Bl
sl W el ppi O Loke ol 1 Bl 8 o 5N
La)) L, naadd QIS B> te s e padinioe oo
B el iR el L] OF e oldke G
P e Aalaall Leadal)

OF com (3 slgadt e 5l Al de pomes Hlia JIY
dagall Ay s S

26



o3 e Lhee pasil L B3] b 0550 Y 5 1 O
Qﬁ)@\} Ll cha.U )}LQU U,_;}.A_S\ BJ»JS?}U.UM
el B eSSV B ST 505 LAl

e O] :(To Do is to Be) €55 5o S = C...a_' ob

Ll cogios oneldS plasealy Lely e 5ua (1 aaiedl Jooll
ol T e e U basly T Al e S Sl !
st S5 B Aals celadl B O cpladall e
E\J)M 4 S ‘L:..oL._..g-T = QL;.:S)J.,M Ol . (Hydrogen Peroxide)
S 0B W (o e e e (T 0T L0 )
o Sy ST i s el S e e 8 paay Cikis
oot e sl olte Jl sy e sl e L d e S SlldS
Ja to donaudampfschiffahriselekrizitaetenhauptbetriebswerkbau-

unterbeamtengessellschaft®.

LU ol sl ol e e OF 0 gileaSl G a

! ‘ajﬁoiw@@v;wdki&,u‘eg\cw
e g e L) ctad) Laj bl e s s ol
4l Ls g oo VJ ] CLJ (Counterpoint) (M)c,.;.iﬁ,:.},&!
RERSRCEAPU [ S EEIV g VIR EI O s R VAR SUPRe DO

ot 1A LS 1 5 UV G e S e Yl La a3l 5 ()
sV S s Jpbl aay B 79 g e il U RS )

biw bo o2l doly o e ST L e A1 A b1ty 5001 (i)
A Sosl g3 o im Lo - ans

27



9d Y GOl amale () Labldl Sl

cha gl S b 555 Dbl G OGN S oS 15l
Y1 B saelaadl o il Gl e ST wdanas ) g
Siadl 5 plaa¥ly oeadl 5000 US55 51 81l A s mi,
P e e ST ke s V) ke Bl Dl B el
Lyl olsb Gl 0555 s psimad) s bl Y LS
pdaay STy cldd Juu eslean S ST 15 5200 5,40 5,5 Ao
55 L)%’JU@‘)J&&#WL&J I5el clgion agige
5 asS 5y gea el Sl gl Slas b el ol sl y ol
BTSSRy SES T J¢1/[PUTRURI IS FI I R PRIy
] Al A e aelS 3 Opdonn 15Ul et
JU Il e Bl oo 51 cpladt b mo Josdl ood O g 5o
.(’”‘)d;_.@l\ saddl

AL ) o5 5 eomas 1 LIS gl

8 pmiadl Ol Y1 Jaan 0, Kl Gl oas cals)
pleza™

el B ARSIl 5 el Sl ) am cdo sl ai
S ebedadly rkigadl o5 8505 emnn J] &L i
S by S 2T e e W6 suaedl Ll clecasdl
S o i ke IS e dand B ey sl 0800 6l LY
s e sl oles e 04K o 8s s cLh s AileS
s> o A slodd &g a0l bl sy colole 5 Sl 0,8

YW 1l e s A Ll an e b il IS (#)

28



e 5l ol S ) Qt:J_,ﬁ)i ((4L_5T ) L6 Ll 055 )
oo e Wy e ULS Gl il 05, e Ol
Lehd w5 e Ll sle S .x,;:,.:, RGOS | PR U BN W
by g ddaS e b O, 0 e, sds s felanhl ey
Ll psliall Ll iyl 6l e D3 phal Lo (B st
L, e balis] G155 L) b it Lo g3 ol 3l
ol i ) O oo J o I e 2 sl s
Lobans cLgei 3 di b V) b joas ¥ b3 ok e OUls osbs

Al ) Aot daaSU Sl

Ll izl 1 H0 5 S B3 ol 5 dadens il
(Harold &3S _U'j_)u = [N o cololaddl Caata o>
O gl ¢l kol (Sussex) Sl Lasl> b 31 (Kroto)
Wl o5l o i) 2oLl S plazat
Lo Lgdyisy Lwad o 50 » «(The Red Giants) (el
L cmazal 2 da ol o 55,8 el e e ] 50
Sl e dadl e Bgees 0555 W el da O <o gl
AL IS S G O sl (e REPIES NP PRCN W]
Ll oV el b o b e 55,8 S el
Iz pyiy ¢ el Aleadl a0 WL £ g 0 8 85 4 gl U
sVl Jt a3 sledzuly .o 91 e il ol els
Sy gy pyhy OIS ¢l «(Richard E. Smalley) J‘J-“-“’ Aol
b s DV Sl WllSs (Rice) by el B 4oy,
PR, EIC R RNV PRI PUR CORPY S WOUL < [PPSR PR P O |
DR pae Oy cialzeVl d ol o ST e,
cAl e Jlad 5 I WL Y s 4,20 b B3le e
AN Olnaie And,u H15 d X

29



(Robert JJ._.S o8 quj ijJS C.:o_f_?\ «1985 aw
o ddlie LSas LaS Luhyi) Jgew Slex pesdiiias Curl)
B S O L I Sl G O s 55,8 O L0l

Oty (Jim Heath) G oor L) Sl O P
03,00 e (Yuan Lin) o OV s (Sean O’brien) oyl sl
JUSPET V(P JPNEIU I SERT S PRL R S P\
OLLYL Ols s ol e wlie sue M 3 sue el
ez ddoet) OB o Jsly cabladl o Jlow Ladis

B L e (gl sl S5 L dadl plna Y1 e,
LLL La 28T sy (€60 OISy 06 dame <olS - s It dy poti
Ol Jeooadl Gu b Ay 35 05008 555 ot e il ¢ Tl
DM slasy SB Gy aall o Jelisl 5 S J1Y
1 Ly (060 s ) 5 paies 55 g ool LelS - el
sdn O ol o 05 Lo a5 o poems b lles sl CT0 0 555
;_gca-.:;@px LddeS ) at,,._:;':Lp adl OIS ol i
S Leds ol el e Old daa e IS ey sele!
S gl e ke Sl ol 05 S U s el
VT RS EEg Lol el s closldash sl 45,5 OIS
s pma Jae IS5 S

LBl 1 (Geodesic Dome) dwws ol £ 8L 555,5 S
5+ JsY (Buckminister Fuller) Jp e SO Yl $olensdl
Lall cols Lo 13) deless <1967 o oodladl JU g o a0 B

.Ldi)g'):;.ﬂ L_Sj—"'J

30



S AU s, WS a5 et 01 55,5 Uy
A Byl e bl DL o i ) W (i 3L
Ltie &S (g gtk Jais dulin YT (g 3 pes OF Sl
L) e o ik 5,5 e b Lolos U 12 BLSI
Bpos W zel JU il sl o saandl e 3,500 B0 Le
0455 O Lgoas o dm s ) Uicar colS aid ciajls
Pl

e ) S s e g i) G
Ly ol Lﬁ 56 J>1 dayy . (Buckministerfullerene)
s I (C60: Buckministerfullerene) Lgslsie 53 5mms |y dww
NFPON U':J‘ ‘SA‘}_...«J\ sl ;;’ E\.L_.LZJ! J.c.:-.” EE) . (Nature)
b & ey sl gt s el (1985 b /g_,u\ RS P
e

L gom 05555 A SV b ) G sl b

b IS gl o ladll B St b 05 ol
PtV Al bl A i 5 el Blasadl ool 231
60 o by dtade L) inal 3 54k S5 e g g,
o 533 60 iy oo S Ll Lase L b L 38l L0 0S8
20 15 1)y Ms - 080 2zl yué; e £Say O 4,
oY1 Aales L 12 ey 325 LT, 60 15 Lovs 1 (g
O pad 5,5 i wale ol 5 S das gt 3L 0 2l

H. W. Kroto, «C60 - The Third Man,» Current Contents, vol. 24, no. 36 (1)
(1993), pp. 8-9.

31



gd ol JS e 0S5 =25 oo ALl C60 Ay
ool Bhge 4 05, 0SSl 50 0550 (S dD
SUIR VR P I COVL R RVATC COUPINS SSPTSOR SC PR JUVCL PRI S92
D ke al o WS BLY !

OF 1996 L clhoSI s 85 (Jyoms 51555 J S S
Laly 13, g0 Leol g C60 LISir cASLs 43y .lis meilass)
o oA

L ol Slis] Uplos L g 3 a8 sarmall & paiud
sl v.@.&] (S OLS e (Buclgy Balls) «_Sb C)Ijé» 0 483
Al 588 L sS ey €60 il anal e adls) sl Lay) L
L Addan 153 dblo] oo e peead] G (5,280 ada
Plad plasil 15alss cOdmall 55 Lo eSSl OF &5 o) s
Slagal sl Oamadl 3,3 Ll e S aidl Gead o) 5Y
ol 13 Ol 85 Cong Ly e S 3 0S5
o)l Bl COlSy el il g L) A sl saseal
o Oyl e a3y 6 g Omall 5 Lo RUSTH 43 Lo
.UA.&EJ\WQ;J._»}J\ I3

Al e 0 S b e T d b Ul
W o5 Sb S e 505 SlaS 28] ebedald laanl o]
WY el GYT e (SU 0l 8 il <3S andall Of o5l
L gt Sl oy & moes dnad a5 Ll oAbl
crermeS 51y 05,1 e Uase (g Sl o Sy

H. W. Kroto [et. al.], «C60: Buckminster- Fullerene,» Nature, vol. 318 (3)

(1985), pp. 162-163.

32



i G L G ol s s s el
(o oS adie dr 55 . SL ol S Slon gl e i N1 e 32
SIS Py 55 et Gl ey LT

" IS o N1 e iyl

Joadlly ol Al 13 <060 J bl 3 M1 25 mes
S DS s el el s Lre kel ISl (3
Bl LI 5 Bl Ly 36U e 5 S S 0
oF ey Bl el e o5 JJU el sl
] L._a)_.p J_4_>M_H L u\JS C)_;\ CL>=_; J5Ys
oy i) WU o aain e 5 Ll L0 (0l )
fatd e Slpe L i A5 SL 1S 0T i auldl i)
e Al B S Sy ATl oS 0L a5 Y
A e O

Ll Il 058 553 i e datl I ol S e
LIPS U [ERre JICL Y OV I S VT P RS [ WS
Aredy gy o Soete By B SGLAN i Lad s SL ]
oS o s i gl sl - SU el S e - bV ol
ol coazsSt L ST ST ol e Ul e e Wb O g SU
iS5 Ol e S (Sumio Lijima) Leral goo s J3 oo ;fif\n
e Ll OIS LOLLN 3 (Tsukuba) U ,S 45 dnde 3 (NEC)
Lie s ool A L el IS e L ol £l i)
o ble 55 a) ee phianly Jelidl s jasis U8
BN 2 1y dass bl T, sl oL (Resolution)
- g gl

S5 5 (Thomas Ebbesen) -yl olass o S ¢ bls

33



SlaS ] il Lozl = oUWl ((Pulickel Ajayan) oLl
BV B, 3 A o IY e &gl oYY e s

ol A mlis ARl b a iSO &Sl ClY)
S 4ty ARy ey ol Al Ldand Lpans G549

plozal wdyo a (5 e sl Rl s dadl Bl L2V O]
le b 558 LeSaly w355 3 ey G fedly (el
3de e il (i pldl CobYl eds sdr 455 2] el s
Fe e Lo O3 Ol agd S0 o cliall e bz
oo dedadl Ty gl o OV pa de el Bl
g S b 3] LS o 5 b Lideain Was ey dngdl LYY
o o 0

5 odd sty O glS dvds S 4L Ul D)
4%} (Donald Bethune) O 5t UUss L3 oo 1993 Lwe J5YI
L, 5alls 3 (IBM) I Ul (Almaden) OsWdl &y S 0
Joo D3lee BLo) o s ool & pome J3 (e SIS
Bty dad e e S 3 G sl cAN ) LSl
5 ST el Oy el dbley ST L 58 saall ods com g
oY S bl

S e Y i gl CobYE el oF G s A
ool §a O oSy R ek e (A S (2 Lpans
o3 oS il e i Calad Wb e T Sl il
Sl ) o3 ey i) Ul Bledl e kil B G-
b st lede Gl 05 ey Bl dalanad ¢ 30 ool w5 O

34



3 bl edg e U bV e Ll Ll T
Wyl e Ca 0,85 0 a5, 5,5 bLa,YI Lede O
Lslis i) o ¢ Jls Jayy LY Gkl e ddall Lan oS
1 o) Ly okl Ll O el il Zilsies Uy
wlis Lo S0 ‘éy't.\\-gﬁf\!\ ools s LAl gl
Ja5 0sleadB cOslaall Lpdns Play Loty c Mo sull oLl 2500
Al 55 Y G e i s 5 RIS sl
DUy SOV o 35 b ey b DUy UM Sy s
J5 053 e o SNl oLl Ll . el ddent &5 200
DA Jass Al 2l 2SIV S35 Y Lesd ALl 35 ol
(2l 2SOV g jaoes sheas ) gl o oSl
e G el olpd Sl (LS dem ST il ST e palls

Jal o W g U sSONL

Pt U gl s gdhas oy (0Ll ol
s Jldads SUlghuNB (LS Ll Ll o B elaizal
Sl salie ool bl JS 3 e Sy SN S
Y S e el bl i Lo B oLl SL ool 2
S oA o iy blows 05,501 O s 0 )
o Wasws o iVl o3lanl ke 0y 2SIV O) adsly O p,lS 553
o oY SU 2SN sl oSS Vi 4l Jean O
S Bl Sy ¢ skl ol 6T casy ot 3 Y] sl
oI5 olst ‘M( | PPN Rt QU);;Q‘;H s
- " w5V lams Sl Lelas

le.a\ J.._...awulﬁ 5 gy Jdosal :\._.S)J:g}” up\}.&v_ﬂ co\s LQJ}
Ve podl oz ¥ CLlgdl Jas day by calll dn b ey 5l

35



Vo ikl gl bV e e goms I il O e il
<5325 (Charles OIk) G5l I Las e JS S0 (25 s
Sosse J o &8 20 &gl i s (Joseph Heremans) ylay ja
OF - il s 8l e sy (80 ol ol LS
EUPINCH WU V- B P-JEN N UCTPRT- R PO SO Y] U VN -
LS UV Pl e iy Ll e G331 b S

NEPU B O EJN LT I P PR YRS JC S S S JER
) (ot ‘GL..J\ Jradll) sty & e dolazel

gl i A S Ll s SU oS Jaes
S Ggtme Je 5 Sl Al s el e S ad) gusli
Alllts e Wiy el Gl (e o g0 Sl L]
Cerdl e L b ) L0l gy 2o, Bl C3S La
Ol pmmdl e dpandd Gl sl oladl S LIl s
Ao s A Ol el S Jands gl e Gllanw gl 3L
O S Wil 501 aas sus glaost s o305 Jsam
O3S ddls ¢l 5T S 55 slemme B3 5 gy 0,85 S DS
ol eV ) adll e L J oSS S b Gl s s Y
Gl Jleel ColS L 135 Loy slaasmy (e gkl ¢ ol
Sl Ferlios Lo sl Lgr 55 LiSay S5 colbus Sgkey doar
Lol O il o gl Juad LiSlay S 1T LS
PRI e g NE D CER N IS) EEIWI-U-30-PA0 - Wi e FIF
é.,bbd\ e J:>-\_5 P chans sl Jus ci.le@:!\ i dall L)
RIS RPN SR

oSOl e e 5,51 5,800 G50 e Sl
B -V S W S JCH - O P A P I S

36



Lol i s 2l a sy Sl ede il Bl ol
Jrogll etd ¢ oSU madl S8 I e 2T ok ol pad
B asmd ey O a5 IV e oy Bl B sdnd (sl
sy 05,2 Y s Y GBIl 8355 Al - 2 sall Bl
coobatal vry gl ciall 0101 e U 8 pmdll adn ponm
Bl ols L B3} - iy o Jeo gt s e baildl e pall
SUs SO Bl wy - rsedt Sladl G gmd p il SU g
eV s grmadl I pendy dolon 43 el SUL ) adsls
S e bl Uy sSIYE 0B WS L Bl CSls 1) SO
O packatoy vl g0 02U BT 035 AL e S Gkl
it Jgr e o Lty (IS (S b Loy (Sl
g,sleL(..ﬂ\ S B ) sadlS Lasls 3 (Paul Alivisatos)
S N ;J"L:;L,) w Jal Loy 2004 o R P EPRRERL
' .‘4’3\)&1)4{‘.&,‘;‘4\,:@;9@ Ll ols

oLl sl 3 Tty Vlomaad Lol galy oS0 Bl gt il
L o oSG gl

C)Lbr‘.]\ DRSS L_fégbﬂ\ RV %;9‘_1......._5) ‘\))3 $3% )

Pl By 5 s (Gagseddl (N1 i) ot Il B
(Joladl ool Juadh) siodr clll wle ol L 5 2555
il ol AR A ke S e S50 OS] A 5

Liberato Manna [et al.], «Controlled Growth of Tetraped- Branched (4)
Inorganic Nanocrystals,» Nature Materials, vol. 2 (June 2003), pp. 382-85, and
Delia J. Milliron [et al.], «Colloidal Nanocrystal Heterostructures with Linear and

Branched Topology,» Nature, vol. 430 (8 July 2004), pp. 190-195.

37



iy (Jladl ¢l Juail)) daldl £Susl LY Last i)
GUl b9 ol 1 Joadl) dablace 85 3,0 5l all 353
ol I LG LT sk ol eln b slosdl del  ulas

(S owadl  puoldl feadll) il LS 54l y 2005 o) i

Jobt s

Gl e Ol s ands I e (i Bl Slendl O]
PO U L U e VPR PL PRCHINC P S FUR PSR
S obloly sl Wbasdl e doldl Gl 6 s
LS .0 okl Lozl 2l ol ol 36 s il ol iall
o s S e RS 6 Ty US 5 Il ] e e )
Jeias e (b Dl o Jay 5 el 535 LN ST 5 00
SISV e duy L2Vl

Loww B Pl ((Jean - Marie Lehn) ¢ g, - O O

welazal Jloe e 15 cES5lin slaSIl b Lo 55 e 1987
IS (Supramolecular Chemistry) 4..:_:,»_\\ Gsble clas
—-(5,; SULSIl el a Sl ol oY1 s S,
LS U Lagd e oDy 45 Didpailly Jordl o at el
Sl e Gl 8 e 150 e b B Sl Jels
i Sl jadl O 035 o 050y Lianll 5 LESY dnly
ke sz andl Usler e ol LaY Jla 0] 3] coeln
o5 O Ll B> e oy )l Uiler e S

Nobel Prize Interview (Video) Available on Nobel Prize Web site: (5)

http://nobelprize.org

38



1S Wl 3] B e s S B plilens s o G e
o il S el B ey OV e Bl S L
S e Ja e e dely SN gl g ed LU 2l
s (Antigen) slaal W gl ¢ 51 Lt Y Fladl el pazy
S LSl Gls T il Bloannd Gy OF Sy o3
b g sl s

Usler Lemal 03> 4¢3 «(Antibody) sl el Laf
e IS5 i o5 ey A Al el Yl i) el
Of w3dowe sbae Wge jomed 8 Jpgomn (2Ll Uil (3 sl
it il By (ol 015 &ty elomsly S s
el W@l 8 5155 rusi el sl ¢ Jaally

sl Ll g g - Sl Vel e oy O]
Sl Loeas Loly (badsy Lot Ldd Ll aS1,5] e 5
$5 o &3S eladl i el Lol VI e 5 g 5
Ol e el Hadyy wadie T (o ysien U3y sumly oSl
¢ Jrddb eledadl e sue Sl o s (a3 aadl bl Ag i s
Lol dbemdlly ey OLsddl 3 ,Ka O j2as Y sasi )l jpadl oSO
OS5 a5 aedl i jadl e Liled 2l ol > Lels cie poneall
S5 A sl Laly e sl padl ol plinl ) dal
syl sy YV Al &0 WU ) Ll et Ju Leulld
5, s OY sty agr I bl dess sl el g O
ods ol B e ST L) s Y adaly A b e
gl o e et Sy Ll Lelblo dlall iy ol )
ezl Lgool >

o el LeSle A5 ULS sl SUS s e #U

39



il sl e s s gl 58 ol e ol S
Oy LS Joys 58 (b asG 0 Ll Lo, dyb yay
ol bl e 5,08 1967 i - 42 ((Charles Pederson)
oSS 018 Ll Sd DLV e LSy e LS
Sl e B3 Gl S sda ) ol 0 WLl sl
¢(Donald Cram) ol S WUs> Leadelos LI BN b3 DUV
ot W by LeSo dias Sl el Je 6,08 0 A
podgall Ul dayy e K Lalisb cislanily 35, oAl
CSLaly i pe Oscke caan ppnddl SU Y Ly 355 G55 35k
5y Lty Lol Lpline IS, dpline ol OLLUI Ol

b ol 55 el

rrbal B ol Dbl o eds oS e S B 5

L5 coloetlly oVl SN IS 3 byl 2l by i
ohddl e STl O LV o L]l Sl oMl
S sl Sy 5 e wsa Lal o8 gl o m Y
s T VLS e baasl 045 5 Ll el
ol el et e 8,00 COS Wil O sl >
Sl 2V B ey p 55 B Sl ely et el S plazady

o gl g

e Sl e S by D> e Jae sath o

Sl s bochass sl ol - sl ae alad
63U Logall dods 3 Sl g5l JSa5 e o355 0 LY
oS s bl e el Ay, (I el U e e
orleedl e DLWl 4 azss caad o I g Sl
S L0s A s OVl Ot 1S sl OY g L

40



P PO MUV B UL BRCE PV RSO S P US|
el Sl e e LS

39‘,‘5)“..’.&3
1285 Ol Opidly Sl S B me oo asT LiSay i
Lol 3 ol o il 155550 OF Sy iS00l L
Sl i pd ge G O e BB e B ol
Ll g s el it WSy L 5 e Al gty s
Al ) L cﬁa)\\%;@i&f&i@h;..lhﬂ\w
Bl o Slay gl Wil o ais ¥ gl galadh (g madl
NPV JNE UL IUUIC, U0 P RS ') R PN TN |
el 3V U3 Jg..J\ o el plaldl G pall dnds
AAladl oo o5 A8y pzeald SV A i ony gl
B g i b ol Lagh 5 Aels 55 1 &) 4550001
i Y e pall @,‘J\_J,u\ oy 5 > oy o> 1600

Qb:.an\ NS olie sde oF Lb.l.su Jja_ c-L_..J-'i J,::A: NG o}ow
oo S ool e A8 ) el 5 1Y

o)) ) L 1986 diw cLsidld by 55l s A

adaadr o J 0 3 G0 WSl dgas e (Ernest Ruska) WSCui,
JEE DN PECNPLIPUIEEI PRNEPJEI N ) IC PSSV Pav TR |
f ) S Draladl 3 LI pay Sy U i sy 1S
Ll B pendl o I aal Jolsl B o Oy o)

Nobel Prize Wen site: http://nobelprize.org 6)

41



o de eyt S cladnaly el O ol e
5 L e T Ol e i ol e dlal U 2STYS
Seams &3 dh b depmdl 55 5 2aS CatsSly dates S 4S
Lotsts gl pntiny Ul Uy e e S
e g 3L e ade Juam G DS oy (0l 2SN
S e plsialy Kl pllataly &308558 i Lo s
s A5 S, O 1933 ple Jpbo s SNl 8305 e 281
sy ety (i SV e b Sl e dein Y T
Sl ials 55 L5 pall S abeall dlasiaadl S e Judsl
S 35 M) e Jamy ISl OIS LS Al e
S Jome Jo gz (gilow 53 5SU) es Jsl plunY (Siemens)

LSl 255, mSIY1 paloeadl (o Alamtcall gl s
aLa.N i JexeS p 3! (TEM) )T (Transmission Electron Micorscopy)
Sl ldl b ol saesl does pe el e 0,1 ) s
5l WJ\ o S Ly SV el cdea W5 A e
S BLE| ekl oS 1 s &S] ay e 401S] e
Jelis Rkt o, Al o Cs,; Ldos e L)
VR STV HERN O VA O PP ICN ) [ TR ST I
il TSanedl Sl s Bl Hos 2l abeadt OF e
0 il &y p B3l gz il il 5 5y
WU sSed ol daby Baloll a2 S0 o el o5l LIS

Sl gl e

MJ”__- \J%%M)O\)M\%j)i&k@@jﬂﬂ)
(Scanning 3L dreuwladl jaloeedl Coady dis (sl ) b

U R S u\.x.a =3 &=l & Tunneling Microscopes)

42



O, wlosled Byl 5 ol cd bl L sld sl
i Sy ol VI s T Ll 5 il ey ¢
3k I 1986 d elpall by syl oo A el oy
it (Heinrich Rohrer) ,»5, i ulas (Gerd Binnig) ——
Al bogonanad (g5 Byl IBM b 3 0Ny
oo J L Dolel Trgme o gmadl 1y L0 3L bl
e il pase et 50 o Y ) LY
Gbony U3 Jay gy JLoVL ST SSYL s OlsT casls
£ sk s ael ppall jaseid r,@_usz,‘-._...u e e
Sl BUS Llady i Lollis 5y 5mmy aneol bals oy 4y
CBh-l 8,5 ABaL ga Gc-q.“ 0l Ll Lol d Lgaaas U.Jl
psin 2yl s Londl o Gl Ol 0505 s
S ol > 15,50 o m

ot 3 o e Ltin T el s s,
2 ol plie Jo gl 3 > e Dby LS A8 o n5 )5
i e 3 Sl mal 6 OB W Gy 5,5l
sl del Il SOal) pporenal o oy O 3 gl
Uﬁ\ybub.hu‘éwpdbrhwabuﬁy&}‘ﬂ
P Sy pile RE bl e and iy o Ul I e
e e 836 5,05 55 Lol gymw sles e

Q\;wabyig,b)&;t;ﬁ;d\&sur;g,
bl dje Jo Jons cadlad)

Ul e o p) e r.\;@dUleJ\me)
Jov ey el e O] Lol (eded o by i 5 5
piaal Lo Suadl o a3y 805 e anle il Claall

43



r‘.’u}r.:.\.dl) IR C....:.: ru 1 CM\ ck‘J‘ L;LP «J:};:» @_L@
el 5 g 6 g B e 1S, Laadl ] 8
el b a2 O U Lall ha s

(The Tip) AN 3 & e 550 Uy 2SIV 55 5 Y
Lo ssd elsy c(Ut;certainty Principle) 4.5 ;Siadl 842l Co 5au
LSl dins Adlenml dr i b oS GO oS ol 5
U s el Aol Lo 8 A1 aal S5 B 83 s
el el I U SO oy e 3 G,
o 38 e padln Ciadl Sl e O Wy Ldnadl s i
G s )R i iiaS) A cilaNly ! o el
P I G v R P PRSP OV VI WN U SR NE |
o Al Bl Je el 0l Al e Blisdl e Ll g
oo AN N sdn g &3 ,n SN e Ly Ldal e
e e 8318 55k la LN

By Boadl Gt B LS ooy Y a5 OUS
phsiaall Lledl 553 (g3 pondl WSl OS5 ¢ 204l 0,2 35 A
sl 0,01 350 b Legiy B QI L e Blasl)

-(Everest) < 8] | > Jie ob,ddl o g b Budl odgys

otdanl e B dolall alaeall sl dxziall ) sall SIS

2'9}""?"“ ol L) ‘5)).6.” Lf’ La a1 J.G.LJ_" ‘JE;,U aa)e WL‘J\
IBM 3 (Don Eigler) ) 03

=H. C. Manoharan, C. P. Lutz and D. M. Eigler, «Quantum Mirges (7)

44



clﬁ...v J_G C)‘)J_,U 5)}-«&
1) ya) S el
(Nature f\lm o0

oda J g psdl & SUI u;}ﬂ\gaﬁs AN 95 4a Leg
ool Gl Baie S Gl e el Samddl BBkl
O ek S etilios D) sman Ol 053G iy Tl
OF 033 o il (N 2ab N 55m O 05K Uy LA pue
$5S Al NN ) SV ey oyl e a0
T a8 D o i e 03 el (g1 (A1 Lor o) oSl
(S b Jowe e

sl s el e Joleld siandt Bk o)

odgp Lol L LS 5 0 3 ol o W 3T 35 atie oSS
WYl e e dde L 1S S el AJU 55!
JS claas ¥ oS0 BYL e sasly B0l dgme IS e o
I reme S amy e a5 20l ol do Sl 5T dnslndl 5 b
LS 0555 O o Lelte 53T Byl o oo Lols
0555 L bales g peddetan pddl i Ll eld) O¥ows mais

Formed by Coherent Projection of Electronic Structure,» Nature, vol. 403 =

February 2000), pp. 512-515.

45



Ll pes bl I e el e Bl s pedinial 51505
T3les el 155 0 (Mitochondria) ;0 58 sl dds-10d1
Skt Gty Shgall slale ] B gl pgilenr o Sl
Lo oyl s hli¥ o s 5,301 Lias ) & sl

Al ) Ul Slabezal iV e p pliian¥l

caij_b-}» i)l Lagadls Oligarlye s oo 435
e Sou mwwcu@w@ Cogpalies e
323 - (Atomic Force Microscope) 4,41 & 48)l goxe pSl oS
oS bl ooy S jamd) - S el el e
olelezal LMzl 1,5 S5l >3 pas by Gl 1 ibes oo
Sl 1 a Gslis sl e £SO DU i b S ke
bl s ol dadall LSl s ) Bl G0 b
‘ ot
el ol ais st as s Bilenat S el oS
e o180 sl cus W\j@ya)}@\ﬁ
ey Sl o2 (blaodl s Cﬁ';) (Latex) .S
CHUPETCINLY US‘ (..S ‘_—;_g N e Jaw il Je (0 Sl
LIS dalides Bole (10 Ao smny 8,0 dey SIS o pRas SIS
oS0 D il i e Relitiey Gkt elasS LaSiond
DS Y S el A DL B s sall 08 AR
A Bl D A g e o) Ui Loy
el LS anladdl slpadl dadiil e bl L85 a5
Ul ploall ooy Bl cladll S8 oo puill 55 LG clens
S blasy oLy sV e ol ol e g >

46



ool Dbyl mhaul Ja S SOW ol S5

sdels dids Ay saladl obaudl shanadl pasey Lyl )

I e el 3dou (Sl Jondl b andr Gk I3

e 2as,e b el el 3l o 3 2iadl byl W Caisy

JB LSS ¢ gl nul ll Ladall 4 Sl L5l e Timy & g

i g9V pdll 5,55 SU 3,8 O Lol Lade 455,S uls

rie 10 ol S cols LoV Jp eSS L bl
M 0555 O Lo oy i3 ) Ao gD

AN
ot G0 sl e slaze VU el ez OF o
- e e ey Sl s o Ol L g e ]
weladdly ol ol 2,06 e o S SO P N NESAN
oAb Oy dab D e bl O adly i el A
AT e JS My Skl B ) Al B o ciad
B s ) dincl] ol 6yl s s 01 Lt
L] Lls sl gt o Gyl Loy s iy W S )
sl A LY byrall culy gl cu, b chbis
Gl mdl Wl LY ey S Lo jlinl e
Tt B Jyms e S - B oty U3 Jy b
da S pyins - polo s ey JoAS] ST el es
esdl s oy A Rn 0 e sl ST
ol e L domn e Bedall oS 1 g g el il O

LJUu odi dans 213 TJN

47



USST e L it o Vo el n peanatlly Sl 0
Sl ke o5 Al dpdey sy ladaidly el e 2
& oAb S o pa ool by B Lo O] Lladias
jui BN IPEIPI P RV F S0 u}_l:...a bhass s aeas
Sl Shlde Lo 1S sy Siidr oyl 556
ol e ooy Tt i dled IS Lpaay da )l
s e sdodr Sl sluy eaany 0500 SO O pdigadls
Ladere 2o oll Jpadlly wblially Joandly Lol Lo
s b AR s e Jelas a3y s oSy
100 O35 Lo g Wik Lo ol i) Gy gl GG odn
(bl pldl Ladl) et

L OSas Lsnnall e o el < galdl 4 jlame a0 O)
sl sl okl CL.>=.; G333, U adee Jees
e s Jeoladl L) o3l 0Fs c Bl ez 155 815
Swley (Varenka) Ky, olad ;q?u._i ab > o of 5 yodl
Ul a3 3 (Varvara Vronsky) S5 1,505,055 (Vasenka)
dols) u_l_:«i.:.l_,l_n_l\ ol g b ;)j; o (Anna Karenina) Locg )\S
Lol Sy Gy 38501 odgs cAeisd) LU oda ka5
Ll Lol 1T O el e 3 ol DL,V o sy
VLY sl Sl 0S5 e LSl
Wi s ol as gl e BN Gl 0
L) ol ol 5T lyidh ccnc €0 pwdicg ol Lgadbeins,
AN B B oSl s gL s dladt psas el el AN
ST PR VR PRLIT JEV NEAVS PRI ) BN S S Roe
oo oledl i) L Jens S Jonis PR BPCRCIR

48



S iblin] A e o) st Al ede dayy OF L6 VL (Sl
Ly g5 (AL S350 3 @55 o pomms 5l oL dl gl oSy
Lol g 515 3aane Lilae slgs J)

NE W 25 «(Vacuum Tubes) C\J‘LH wlslaw oS
P SleaeS Cuela chegedl i (935 (o) pxa il I
o i e Ll ada 385 Al ol SO Ll
¢ls . (Electrodes) CUad¥l o 735 o LUl S 26 &lgs
¢ sSe Yl g el S eadl ((Lee de Forest) v, 55
paaS S G S plaall ST (Triode) sl 2l as
o deraedl (ol Eodl e EUAL S i sl Y LA
5 M LA sl ps s USas (AM) (g 5mnd) ppant
Sl sV Bl delail sy B paseraly Ll (ol ol piis
555 ST a1 ) Slebenall sl wsly bl Gl
LS ol et W ELAN wlblas oS0 g ¢ 2 ol o
WG A3 plaall Lols DU SN et (sdd) Oaaadt U
5 el gl el 385 gl B 608 B ) ol
W ) ppe pb Gl LaE b s Sl )Y Al
L5 0 pedl LS plas VI ol S CoUS ) (e e
asldal) Ailanze g

Aol o Jeadl i 165 ol aall i 0lS

e b b clbeall ety ¥ ghiadly oiesal
Apdas Llg - etidas nle G Bl Sl o)Ll
ol yas Sl plosall - 2o go acs 3,5 e Andad DS de
(John (sl Ogor OIS 1947 Znw b 5,5l gl 55e] L5 G
RS e o OMaladl (Walter Brathain) OUl » 55 Bradeen)

49



il e ol aSOW S0 Ol U alzl (Bell)
S eline Jlasl zhis LGT (o gl 4l 5ol Ol
AL ples i 5t e Sear Sk daye 43 Bl
e Lol G g Dm0 edn e sl by, iy
BN o r_! La S5 tlﬂz_ﬂ Sl W3y . (Amplifier)

sl 23y sl

Ape 51947 D SVadt se 3 a5 A gl el 5SS

o ply dpay Rt oMyl oLl L 515085 55

e Ul ey sl Oy s (William B. Shockley) S o5

STy ol Sl 5 CSS L1956 i) ol ald JJ_J; g P

Sdelay (pLAN Slebeas &)lie Bl plasend o sty a0,

CHJNCPI JUUPS S TR O EU B Y KUU-TE ST { S0 1 - SR LU
vl g2l i 330 &g oy 5l e LA s VY

R S e e Ay gk o5 JIBY SO ST el S
ol o Lo G 83 il SULS el s 6l e
.L._.AJ LM r_?q_z.“

Cislall § 5 gl 5 oS ] AR b B pall by

.h_g_)_g ;l_'..‘_i :\_1__._..»_, G JJ..» g.)‘,_LJn.«_“ oS .sf_ﬂl oL

C:Lh.hdf.ﬁ&_)}i.l_n.laﬂ Lé..c.?.b_} E.L:»U 2*33\"&'150‘)};“'_)"1;*
WS

iS5 (o (Robert Noyce) i o psys oY B e s ]

50



(Fairchild Semiconductor Corporation)  s:S1is sSccamew ol
oo dall Z5Y 3 b gl Sl S 19595 1958 s I
(Single Circuit Platform) &5 a0 595 i Je ool il 2l
(Integrated deloodl S5l Lelis a5¥ 5 U5 foey Ldasly ands
L 3B ¢ oldll 3 a2l SLG o lN1 s 0LS 5 . Circuits)
b S 131 ¢yl 5 OV 5, oy g b QWL oS
S ey M OS5 LG ALs) AalS ) des Wi e oy
B35 ¢ ol ol Sl a5l 5 o e WSS 3] arasdl 4
= L) 1aa o C_r:';;:...uj Lgame> u.a_LEJCA uj\;iw—n’h} Lo
Gsd 593 AN e Uojsaewy A8l g8l Spadd daadl By el

R o | RN VIR P N U SN BN

A2 «(Moore’s Law) ;50 O 558 V'“'L' NESARETY =2 ey
obndl e 5l 35,5 e (Gordon Moore) g 833,58 LN
O B3l dxls o b i S q:-“ oy A sae ol
kil e S dlr 5 e s Bl S Gaelas
UG gl pay AelSaall Sl sl 2 (2000 &) il
DAy ta il ol gl 2 3 ey G ekl e 5530
ALt s, 2SIV sl s e ) JUSYE s caslgll
PSS

oLl el ) s 050l BB Gllanadl # il 0}
ool Liaely Leoe e ol sadly Dol &w soll
(Microwave (55, Soladl > padl 53 2l 5 il WMo 5ol
A pall SUYE VL 5,0 dedsenadl o, 305 Frequency
sdne Lo oy po gl M e o el oLl B o

51



C_de;)\ Geds Gl D C)Ujjiﬁw REECY 3.1.;_9.04....;3))1.5&4
v (:)La_i\ v_i.x:.!\ \J.AJ.':.«JCL@:.;N Alas cnby Gl 63
& ,Ladl (Herb Kroemer) 5, o en e S Uy 2SN
o N adeladl planY 2000 Lw <L a U g sl
sy DU 35,0 )Lke 600 ol e ol oy ya il 2
LT L1957 G &ldy golzeVl 5w BN de g0 850 Bay ol
s (Kroemer) ,.s3,S &% (Zhores Alferov) 5 ol 2030
J»L?_BLS(;SM&J..L:_! Jose s 5N b aas sl
PR PENVAEVIVE SN N JUU I O RO ]
555 ol Lndly Lpamem oy by D01 eda Of L5l e dnboles
SLIVE 5,58 Lewlul COlS chas I LridlSs Ll ¢ i

(dlasYl ‘C‘”u‘ Jad)) SYLaY! & &l

9k C,_\.;_\a:.ﬂ 2...5.?5.3 Q)L.o).«.j\ oL,:..ig\Jl oda QT e u_éj
UV SU e S e eyl s b nte 5y 5 dalaies
Bilides poeas ikae Aol de prae Lgly (oSO Bliy & LI
Sl b5 e Ll el s e e Ll Y] s
s G il e Losas ol dingl sl yedl SIS
S5 S ol fSed i W oasbdl blagdh st eyl o
WUy iSO Ao sl &S sl s e

e bl Hpais s pead GSaadl e OF L 4

Sl ol dad ) O s 01 OV Lo s g e sl bl
O e L L ) doleadt G1pdIs calpadl o bl SU
sl 1Y el Qb 6l L s Of LiSley il 0455

52



r.l.i.:)\ wL:.; o _ibw L”._:_),»J\ o L éi - u.:.u.,u‘ L'),_.:;:L:J\
Cldoadl CLSI s B jasicny Tl o wlacdes o0
Al Z.g).:U\ L_o-).b..iﬂ\ Oy vt c&:g).}u‘ O,_.:;Z;Jl LRV
pass A dadl I el sl e ol B Bkl

.CQ;;UJ\

53












Jwgoﬂfﬁywji@wb»\jﬁébﬁ

s B Cﬁ@ﬁmuw‘bb\uyd}&)}
) E VTN PP C PR |- SO LU P PL R VS PR SO
Gl U L Sl s 0L ;L;M‘Y\; A e ool
Ll 6 bl g el Wb Wl G fad g
Sk 305 2005 & I Lowdiglly Lol g I 5 SN
el ol Cieall usle g5 - aseall Sl 3 Y
BV e gl S e len3lisy oz pllaadl d3Lliay O U
A pas c a8 Bl s ¥ il Ll el il
e gy Jshal Ancdl @Sy ol Glan b o e el s
sl

Sl Gaseidl e - G 51 Sls clad 0T L bls

http://www.biomedcentral.com. m

57



OO R VOCTIUPA NPS U S5 SN O el sl LY Lo
pyiios ddml b BAN el e IS pamendll CILT g
Co,UT Jal 5y aie b0l GLEsSL aia sl C LYY ada
Iy Jitedl el Lollas e oLeYI s Uats TIk) L o
L o, ua_,w o Of Log vicenl 2SN1 Blaodl e aslezal
LS Lo 131 e Ll asams elatdl LT 048us candhe o Sus
ol bV LS s oS g OF s Ot pdl
el e 5,8 Sle > elhe] o Sed s Lrde OIS L 13
Lo 3] L eld A0 o LSO Olbudl LB 6 ol >
ORKPRRU S g S Gl L g b s lgad dasas COLS
elac¥l Jltaul ya - gl Sl 2Ol e s o Rz
O} 5ol ey | iyl om0 3 s >0 A
A Sl 0 el b Lo sl 1 slae W1 Jlad
Jy Londazol ) B3Le it clae) e LS sie 355 e
oln Comandl 25l elae V1 el p oy OF 15l e madl el
clodl Co A

gl e el e OV e B 505 e
Aal Lb Dl g )k pon bl

58



O Qaid)
PEET

i el U &) (g e sl eliadl e Ol ) oy

Stadl 0] a3 e gl Lol o N Al
Wals b s OLSYI e aie S0 L e gl o
Sedl Bl et H5d0 OlS e Hlay (Ll edl SN o
L ¥ S e A Yol o Jall wlysay (G55l
LS s UL b o T o8 eyl o e o
Ldiag o gse pales Sl o LS cliabond Jlanzal 3 ksl
Lol > o525 (Goliath) &L 425 (David) dals s Al o
L 98 50 el C.L;;:J L S plsernls ol 2o 6L 5 piadl Sl
Sl 0585 Lal bl Wl Susy clasl 6 ke sl B
or ondi oS ¥ 6N Lealas] s e Tae By OF s
clagia S dsle 5o )s o535 55 38 I o dediimes Blwe
s ol Algd il el Mows Gls Ju Lol el
T e e O VR E ) (R
e blaet (3315 Y ST Len b B3 531y Of Ll ol

Ay Sl el

59



ks s aols JWBT mo 5y 5 55 g &l esliadl 331 455

oo JoS wld ol Ol SN e laad 5 plaie Sian

S b il e 1S Sl plab]  deslodl Sl UL

(Gshe oladss o Lot LS Ao LS Tus s )

o Aiade Laysi Lee pry (Origami) el V) Joe oy

G Vg oledadl A Ak dalall p i e JISEYS
Lol V1 Gl e dausldl saaadl

el Cias ol s aadl ol Lol L oo I (g5

Ld gy K3 s I e sbon s 1l il ) ol
8 PR O PV N ISR SRSl PRPS PN [ V-PUNG [ PR |
s il JI (peadll & oYl e (3ol J oS a5 1
i JS s Al 15 K Ll ] 3T L0l Lo
oL Cl:_}} 'c.d\&asjwﬂ.'ss.u— —— RSP
B b L pisiy g5 S e ezl Sy ) eilie oo

U &gl o o ¥ Il a (STl s b e

L 0550 0 5l dade ) doenall 0555 235 L5515 5,5
o) s U ol Sl s A1 pI6 cC3lge
P A (LS L_;T 333 o tgladed A3 «.@T Lol g I
ot b e ST s 6T e ety Yy s 3B Y e
es 3 W s Latie gl 01 L (630 I £xSe S e
bl Lgmas A ol 1 s peres J T e i SIS
L Bl Syl ok e el B e o 13l
SEs A Jas db o)sy ok Sseel eidl O 13 LT oo pans

(SUUI (sl 3ot 3 (Origami) galag 531 ()

60



é'ﬂj‘l’u"-‘d‘:"‘;‘““'@ (as,H\s ‘TD')-*JU—‘:JUSJJ ;\._J}J\ ‘\jy\}u.nj
e 5 e gu i olae My L aladl e i 5 Bl

Sodms ol s b slasl Gzl s sl O
e b SO Bl S o et ST Bl G b e
iS5 1S LSS S et OF W eVl ad lan VY
:\.A‘)L>- :\.Bau,h) QJL&!}L'.J‘ oML;\.PGL;L_LAZJ

oo bhelas iy b ks OF Sy Sl GlaasYI ds 3 )
bbb oM Wb o5 1 el 00530 Slas (ol
s o Wlpw i J o s s S (Polyps)
5 s L) 5 pieadly 050530 5 el pail]
oo Yo . (David Ahlquist) o 5T Aiols 525l Byt ca
S posS 1al mad Sl oyl 1 bl AL s
S B 2 05 bedie 4y b ¥ BLS (Al Ul g
5 san OF oy el L 5l ey 435 SLO i L)
oo bl Sl Jre el L s 03, Uas Ol
Whstazel M e o3 wey cdile ol 3 Ll 51 0elall
s Gl e ikl

il el e g aeles OF & gl L ) oSl S

By o e eIV oSan OF s Ol sl |5 Sl
S By Lol ol s LB e cassIL O g Ut T
SRen 23y B e Blesdl & 5L L )yl Sl LAl
i e 8l oS Ul 5 s el e ol e Vs

http://www.fda.gov. n

61



Bled el 3 L OF 3 sl laoy B IS e

Ol dl b3 3,L)
rradl oo ppad DB sl gadadl Sl B pases
I,Laz>1) (Computed Tomography) « swlodl Lol o oadazoll
(Magnetic Resonance _woblaedl 0 JU L oeasdl -)T «(CT
s L 8,5l ot ) il (MRI 5Lazl) Imaging)
ol e ol Jaas bedis i e g (e gl Y]
S Ales SIS LN eda e A3y (AdE UL (5o 41

el e I LS B Ao b el b
(Shuming Nie) U g 53 NCAN o5 2004 Zow i Gy
Al &Sl el plasanly L pSEl L5 e B 4k
o5 ) L e S 5, LSl e e 63 e pdel ]
& S Ol O a5 106 Pl 0l e
> 1005 10 o Lo ) oW sae oy Lide aslass) Lzl
sl B Laiedl 0l e Sl e e oy U3 s o i
& i.l> (MRI); (CT) i b Gy ol LS I,V ansdl
;gu PG RLICRPEY ,\,Juvun gl A elsY) S Gl
Ll Sl e eliy U ol ol el ot 5T BYL 2a
ol ol by S5 dm by Lgnd g ddas B b (._?o&
o Ol Wy et Sl ol sda mdaw e le A5l
Ly e Ol B olld el eda i Al U CLL_L..J\_,

X. Gao [et al], «In Vivo Cancer Targeting and Imaging with (2)
Semiconductor Quantum Dots,» Narture Biotechnology, vol. 22, no. 8 (August

2004), pp. 969-976.

62



).»..3 cé\).a ‘__;.hj ‘QL\_..:J.«_H oda L@_v w—kn—.\.—” L}-:'“ c&“}_«s—”
Ol i

& sl el S oLl e il ey U pliy
L Gl GUSH b Loy 8 e 0555 01 a1 iy el
Sy Sl sda 2 O axds Cdlas pas el (5o
ol 653 e Al e S 0L Ll U e o
Py N sl el e 615 don ikl sdaze e 40
Ll madl Joams ooy endall oa Lo, Bl el 0,555
gl G M b Lkl Jondd L i a5l LM
sladl ol ol Ol & ke Lo coaddl 2o «G1 as ol)
OS5 oosSYI Ul e ol i ol ol 209
(ol CIB 505 W ki 58 ISy ¢ pald el 4l )
O)Ol.é%g&%iﬂdlyﬂ)\@b&awq&j
oy (ABL Leal 15 065w 01 s el a2 Sl ¢ 5o
Ble JS o Sty res b gy Jlie 65 Ol s 0 L]
! (.SJ blas dwae U ey oM e oy ;_;:-H V‘”‘"'J‘
5 Ay e et O Ul Sl s uiqh,;saai,@ Lgs Adezons
ledls Je desly

s lle e Tlozel saladt ki L2 A LAl su
Lol abelS 5)5mm e g ) el 050 LSS (545
sl ol o b Jl 6T e ST e B alzis ael il

Jobsusly o> de yese ((Matryoshka Dolls) Lws 3 Loctidl  oadl (#)

.5;—‘\1!

63



S5 ey Al DU Sl e 5 055G (a5l e DS
ol LI Jgo a5 o b mSOVG cianal 15 il
e amdis Ol e Wl Lo 05 s <JU 16 anasdl el
JESRCHCPRETN ) [RCH PAS PR PV A QPR RSN QRN BERRY
oSl IM o wlocmr U edins LdlpbT o Sl Sl
ol - W, By clael o - i a6 - oS B ey
oo B AL aail) HUT Ll da )l e gty s
b il e U ib e 05,50 ST & gLl Slas!
s S a5 ezl

oVl e Taeae Sl day S e U T
A ESR NI T LN [T R A T PRV KON IS EN |
LS ) ks Gearld) Lo pr tigs oty oo calls Ll
OS5 sl WesS e Y5 el A LT A 6l caol-
sy ity G el pliaedl patast 45 O ale Ol
M Sl Ol e LM o e IS G T Lol
Byleadl Co Il I3 Baldl ol Wil o i SU PGy LOLLSY!
O dl L s ol s O ol WDy Guadds SO
' o BLAS) o

o blie] daloes i lll olss s S bl cals
By oy &y bogiall G b sbf I ot U 0] oy e &Y
Jaa)

O e T RSSOt PIFE
el 1o soll 4l Aol s 0 sl L 055 A
S ol el iy L 5 5uSe 05 5,8 mad L0 il
OHCRUCIIPES i [ SR IPSIE [ SONPIR LS I AV

64



ol am e Bl fab Jo Jen o2V Bl

Wi M Y i e Bpe S e oS B w0
Lo (o o ol (a5 Lapnes A1l gLl s sn
B ellaadl sy et Al ol i AT NV
i Je blsdl o aels dile 8o Lodw o by i bl
G 3l Blsd) L, ol (5 s B Ugloes - dasle (S
o pall s Lhaod Wb i A (S Eh as Bl e
Ol el WO GLasST &y s - oS BlE Sleres G O)
Sl oda 5535 enas e deiag - badrl 5 e sde SL
Slasl Lol Lads e el bl 45, L0 Of Laadae!
Ty e Wglos Joe 0550 ol el 3 Aloliadl 6
(ol 28 05k &l e B S 0,

é&@ﬁ@f@b”@@d\aw\uﬁj
Al Sl B Glad e o5 A e U o e )
s Dl o AN Y piseily Ol L e O e
o o8 ST aay SO dals g e s e ills A5 el
e o iU e N sy il ode e 2Ly
Aedin A LUV ssdees Sl dala) ol b (e

b ol b ‘dsiw srs g N Dlass L5 O
B EN S CESP R P ;u.;:\u Ot LS ) Gealan
abos 5U Ty Z3tedl s dak) &2 ey kB Bl dargall
e;\edwg_;é’\big-g»% il Al e )
W ) cdadl el 2l oSO Bl wlosea OF (g e
Wl 5585 Al (o, o sgd chai QSN Sliws O
chie fap anld D> o lis Zaeaally O ol e 22Ul

65



o0 g_.?JJ‘ ! d...:_,.i.; M- &J’“" ‘AJ\J..:J» ck...« ujl \J)J:u
Aty Gieal Syl U 85 oS BE J g B ealall aslall

) sl O 3 Sleamall sl 23 any gL ¢
SN B a5 Ol gy ol Joddl QLS 3 am e (i
el G e 4yl BU 45l ol Tame 353,
Loldl 01NN Jyes pdyny prseas A kit wilie ) iy
i aeS blay

Lually ey N1 O 56
o oV (Pl e S
iy vl o O
SV P PR PP
B e poldl sbldl
W e crall S

il ool O

(Nature d>es O iﬁi\w)

Consly (Ol dl WA e iSOl 05 3] iy ) ol

S aREl e SV by Slandl W a By I s s 50
LSS Sy Ol e Wy L a5

A5 0B Ll e el ) (U A i oSl 1)

s OF 80y U diy,b OB (0 il el colS L 13

bos cadandl IV T Ol s peat) 5 atens (i) Ry S

B s canls Jo B3ls] Sl m el U el a2

66



O sy SIS dmely WG 15 Ol e Loyl
e 3 Bl 3 ey il ek e oy 1 coliny
Ol g1yl BUS alais ¥ &3 ST L Llasdl LIS mbas e
SU L gy (Eimaadl SLLINT o & gars 55 Lgis Ll
C.Q.JAJ\.L.;J.» ébww.o\)uw oda e Lol LU
Al (S ol sl e S5 sl

crl @5 pdanan SO il LG Sl e Jar SIS
b by ol bsedl Baaate Olaos (Ka W5y Oleadl Comoes
Ot e Ll 8T el Ll JWsl iy

sde Ol ddzsesd) Q\ﬂ}«)\waxcﬂ«i}.w\ S bk s
i) e 0L sae Salnn G W jned liw A ol ol
ke 45,5 (Barcode) siesl 5 4 gllasl U U 1 NEN]
B3dais Gkins 5 es BY e d8yazes g g sl aliadl
S ety A2y al) ey By (oSN bl o faae S5 Ol Y
e Lol daul gl odg SKeus ol @ JI 5 ke e ol il
L e e Ol L ol 85 e ciliiee 5 il
LSy Sl s Sl (5o O Ko et OF ) a5
i8S e e 058G OF Ky sy a2 01, gl
Lo b Ol el L ol 3 Sy ¢ asetld gyl oenall
Asls L;,L.@i__,;g:?d;,\,;.,cwgug\

DT VY Slanld LY 0l U aaa ddl piasht O o2

Mingyong Han [et al], «Quantum Dot-Tagged Microbeads for (3)
Multiplexed Optical Coding of Biomolecules,» Nature Biotechnology, vol. 19 (July
2001), pp. 631-635.

67



arlyn ke oS Bl plasaaly (ool e Sl sl
.x.:;.l__..ew&ajwr.sbw Coodeinl SIS jad Chage Dldoo
L Gl 0555 01 Say 83L s25 ¢ oo ol s ppenalSUI
e S it sels] plienaly LUl ces e 13 Lol
Ve b bal A bl ol ol ik 365wl ol
oAl o O o Al Bl Ol e Jols il )
RCURRNCHES I S PN [ S E RS WO [R2E1 I
O g ey Ly W st o OF oy 280l Bl 203
b 0 ySows wgidl dladl e oSU Bl plasezaly Sl Ty
B Jym Vsl el Blida) Sy ades oy Lo, Wsle

GOSN PP B CIRDERUR IR PPN PP R VAN

b p sl e (U &gy bl A8 oS BB e pae o
el s 0L ol LS oy 0 Sy Wl T e 0
ik by Jadl 3,by il St e et Sl
5, OB e piSy ok dd e e U ke 5l o SO0
OVl e any; bt W o Y 0120 3 Ol !
G A GV e 8 Sl Co At s Ulaasls
e SI BUE e J sae e 20U (LB iy S o) ¢ sl
ol BVl e Gab oz Ly O ol S5 s
JEPSVEL/ I UNPR PERIPOREN A P T IOUN PN RSSO PR T

_G\JA}J\ S adkaiol! J 9}.\15_55 ¢ > g8 J}J‘ dLﬁ U -,
sl 5535 Andly edn 458 0b, WAL g e b esd sas

68



PR [ SPES R PC PR ENN [V TE WY [ SPU N ENECTR N
Sl sl e o LS el el cod AN Sl ol

dgnay 3Ll daslr S el AS e G b bl 05
sVl ity Gl J-J\"g\u,& O L J oKl s bl
3l Ol Gialll diadl s ) Lgaldinial Say o) el s
o mpardl OV v 5 O sl ol o6 ais ca o) el
el 155 oS bl dadaodl ol iald dlalS D15 ¢l o]
ool cos oS Bl S g e O 8 epihes gl
JSNCE TSP OV SIVIE N B S E RN T U R
Al &gl i gazee calel By iS5l SIUS eSS dezel
IR S TENUE FTRE FEVE AN
Lad A ‘@L;Tj ebl e ol L3Sy o Lally B ;\,‘,.,:J\
gl 0 Lo Il cdgodl dy sl e 58l Sl sl
1 oo godl 4 Slamandl LGS B3y s e 35-Ladl
bl codyy Wl Claadl o g 4B (ol Cilidl
'V"‘""H 3l e £

Ol L) Il ol dy pldsal I e Lo A3
bally el sl e & PUE Slapndl gl A )
Aol V1§ las Gy £50 £l]

B Gesb S5 el da S el OV s
St daas I Ludadl ssdedl asl Bt e s

Larissa Levina [et al.], «Efficient Infrared Emitting PbS Quantum Dots (4)
Grown on DNA and Stable in Aqueous and Blood Plasma,» Advanced Materials
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Transmission Electron Mircroscope

Scanning Tunneling Electron

Microscope
Biomimetics
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Life Expectancy
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Scaling

Quantum Mechanics
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