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Mepiexopeva

P Novoteyvoroyia
® Opwopoi & Ipoosyyiosig
® Navosmotipes & Navoteyvoroyicg
® Teyvohoywn £EMEN
® Navo — B - Info

P Navoteyvoroyia otnv loTpiki
® NavowTpukn
® Navocopatidw ywo Awayvoon & Osporsio
® Xroysopévy Metagopd @oppikov
® Avayevwntua lotpuci} & Nanorobots

P Navoteyvoroyio otny OdovTiaTPIKY

® Nanodentistry

® Resins & Nanocomposites

® Dental Implants

© Artificial Bioengineered Tooth

P Emikivduvérnta ¢ NavoiaTpikig
} Apacstyprotnres E&A oto LTFN
P Zupmrepdopara
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Mepiexopeva

Texvohoyikn EEENEN...

P Navoteyvohoyia
® Opwpoi & Ilpooseyyicerg
® Novoemotiipes & Navoteyvoroyicg
® Teyvoroyikn e£EMEN
® Navo — B - Info

P Navoteyvoroyio ot laTpiki
® Navowrtpuki
® Navooopatidwe o Avdyvoon & Oepancio
® Zroycvpévn Metagopd Pappdkmv
® Avaysvvnriki lotpuiy & Nanorobots

P Navoteyvoroyio otny OdovTiaTPIKN

® Nanodentistry

® Resins & Nanocomposites

® Dental Implants

® Artificial Bioengineered Tooth

P> Emikivduvérnta tng Navoiatpikig
} ApacstyproTntec E&A oto LTFN
P Zuptrepdopara
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2008

Nanostructure
1947 Printed Transistor
1906 Transistor

Cathode Tube

Flexible Organic

Laptop on every desk

Electronic
Radio Devices
in every house EVERYWHERE
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Ano Tn ®uoIkn...oTn MikponAekTpovikn & NavonAekTpoviKn \

At the 20t Century there has been an explosive growth of Technology &
Applications, changing our Perception for the World & the Everyday life...

.. to the Dual Processor Technology (2005)
In less than 60 Years

8-9 Orders of Magnitude !!

» Decrease of Size

e Decrease of Energy Consumption
e Increase of Performance

¢ Increase of Speed in Computing

From the discovery of
Inorganic Semiconductors &
Transistors (1947)...

Point- Contact

Pentium Dual Xeon, 2cm?,

Transistor >50 million Transistors
Bardeen, Bell Labs at 4 GHz (2006)
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Nanotechnology (- ies)

Nanotechnology: 107 - 10-9m (1-100nm)

Nature Made...BBs PP ——— —  Man Made...
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NMano-Technologw 6

Eicaywyn otnv NavoTtexvoAoyia

NANOEMIZTHMEZ: Aiepeldvnaon, katavonarn, MEAETN
TWV OAANAeTIOPAoEWY, TTAPATHPNCH, HETPRON Kal
€Aeyxog TNG UANG aTn vavokAipaka 1 - 100nm
NANOTEXNOAOTIA: TpdTroG e TOV OTT0io
MTTOpOUE Va KaTtaokeudooupe AlaTageig &
JuoTAuaTa Pe EAEyX0 TNG UANG OTN vavokAipaka,
onAadn “kTiolyo” pe popia - poplakEG SouEG &
dopikd oToixeia o€ dlaoTtdoelg ~ 100nm

O1 Navoemiotrpeg & Navorexvoloyieg ekTeivovTtal o€ éva eupU EmoTtnuoviké-EpeuvnTtiké medio
61T0U CUVaVTWVTAl OAEG ol Baaikég EmioTrpeg (Puoikr, Xnueia, BioAoyia), EmoTtAun Twv
YAIKWV), aAAG kai n FMAnpo@opikr, PapuakeuTikr, MnxavoAoyia, laTpikn.

Nano-Bio-Info TexvoAoyieq.....

Convergence ....of Basic Sciences & Meet
Engineering- Info- Pharma- Medicine...

Structure Dimension (m) Radical Improvement

10" ] itv of Life
MACRO
N nvergence
* Physical Laws
* Biological Principles
MIGRO | Biology » Chemical Properties
Cells & Form
Complex Systems
Biochips (Nano- Bio- Info- Chemical)
Sensors
Micro & Nano- Devices
Nano- Electronics
NANO
emlst
10 10

T T T T T T T 1
1960 1980 2000 2020 2040 2060
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Electrical
Structural

Biomedical
Energy
& Environment

Nanosensors
Nanoelectronics

Hardware
Software
Communications

Biosensors
Biochips

Pharmaceuticals
Diagnostics
Tools

20um

BioAoyia
|
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E@appoyec Tng NavoTexvoloyiag...

O1 NavoTtexvoloyieg & NavoeTTIoTHEG
avapéveral va Eiodyouv Néeg Texvoloyieg kal va
Avadopfoouv Tov Tpotro MNapaywyng MNvwong [
TIG YTTapxouoeg TexvoAoyieg:

B HAextpovikd & MAnpo@opIkni
E Mapaywyn Evépyeiag

E Yycia & Moiétnta Zwig

B MepiBdAov & AcpdAcia

E Metagopég & ETTIKOIVWViEG

E Biounxavieg Kataokeuwy

E EpyaAeia ‘Epeuvag & Métpnong
E Mopowon & Ekmaideuon

E ASlomroinon & Aigxuon MNvwoswv
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Baaoikéc Apxeg TnG NavoTexvoloyiag

E “Top-down” TTpogéyyion m{
(Photolithography, Microcontact
printing): Zekivouv pe Tnv
MOKPOOKOTTIKA TTapaTApnon evog
YAikoU 1 Ouddag YAIKwv,
EVOWUATWVOVTAG OTAdIAKA pm
AETTTOPEPEIEG TWV UANIKWV QUTWYV O€
MIKPOTEPN KAiPOKA.

E “Bottom-up” rpootyyion (Organic-
synthesis, Self-assembly):
ZeKIvoUvV JE Tov ZXeDI00u0 &
20vBeon popiwv TTou pTTopouv va
QUTO-0PYQAVWVOVTal O€
MeyaAUuTepNG KAipakag Sopég
(MeoookoTriKr, MOKPOOKOTTIKH
KAipoka).

Bottom-up Mpooéyyion

J.V. Barth, G.Costantini and K. Kern,
Nature 437, 671-679 (2005)
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Physics & Material Science show the way...

The same material has different
properties depending on its

Size & LAAAAA
Carbon has much too different '
properties depending on its _ ’ 7 o
Structure. .. (e} (anll-:mwﬂl] [anll-uww‘rr) iQuanmm Daty

T

Thin films in general do not
behave as bulk materials...

E

% &

Diamond g0 (fullerene)

"‘—l A=t e b
e I S

s—r &
—
P - — R ’
—

Graphite Carbon Nanotube
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Quantum Confinement

P> The effects of Quantum Confinement (QC) 1240 Wﬁg";ée“gtzgm —

are known from the Ancient times!!! L L
} The color of Gold depends on the size of the 5
building blocks.
> Due to the QC effect, the Optical and Electronic
properties of Nano-crystals are different from the
properties of bulk materials.

’This effect can find many applications to
decoration of buildings and house interiors...

Gold Building Blocks

Y

Absorption {a.u.)

=]

P 1 2 3 4 5

colertess, 1 A
Gold clusters: @ Energy {e’ﬂ

orange, nonmetallic,
<1 nm

Gold nanoparticles:
3-30 nm, r-d metallic,
“transparent”

Gold panticles: .
30-500 nm

metallic, turbid,

crimson to blue .

Bulk gold film

Nano-particle size & distance
change the colour!!

1B

ummg Pt sy —

preg na!e{i3

I
The churgus Cup, dating from the 4th cemury A.D., is made from glass im

|5$9u?§e15m259'9®89%0@%)(w G nanoparticles; seen in (a) transmitted light and (b) reflected light.

Self — Assembly / Auté- 2uykpdTnon

} H auto-ouykpétnon (Self-assembly -SA) gival n Bacikry apxr mou givai
utrelBuvn yia Tn dnuioupyia TNG SOUIKAG Opyavwang o€ OAEG TIG KAIJOKEG, AT
Ta HOpIa PEXPI TOUS YaAagieg

} H SA givai pia pébodog oAokAfpwang, 6TTou Ta ETMPEPOUG CUCTATIKA
opyavwvovTal auBdpunTa, HEXP! va QTAcoUV € Jia oTabepr| KaTdoTaon
eAaXI0TNG evépyeiag (aToPIKAG akpiBeiag aToixeia & CUOKEUEG)

> H SA dev trepiopileral yévo ota poépia i otnv NavokAiyaka, aAAd yTropei va
O1e€axB¢i ae omoIadATTIOTE KAIMOKA, aTToTEAWVTAG Mia duvapik Bottom-up
péBodo NG Navortexvoloyiag....

o :\‘iﬁw\

o

i

SELF-ASSEMBLED MOROLANER

\\H
MeAAOVTIKEG
Egpappoyécg :

* Bagég

* Solar Panels

» OB6veg (Displays)

q MOLECE LTS IN SOLUTION.

SOLUTION
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H NavotexvoAoyia pipeital & avtiypdgel Tnv. duon

, ; Ta @UAAa Tou AoTou eival TTavta kaBapd! n YopopoRIkn
®uon : Paivopevo Tou TOUG ETTIQPAVEID DIATNPET TO TPAIPIKG OXANA TWV
NoTtou OTaYOVWY TOU VEPOU, TTOU TTAPACEPVOUV TIG BPWHIEG
KaBWS KATPakuAoUV TTavw oTa QUAAQ...

Xwpig ®aivépevo Aotou  Daivépevo Aotol
AkdBapTn Emedveia KaBapn Emigdveia

.

T
y

Navodounuévn emeaveia
®UAAou AoTou
d1aTNEEl TIG OTAYOVEG TOU V¥ ;
O@AIPIKEG, Ol OTTOIEG
KATPAKUAWVTAG Trcxpaoépvou JIG

BpwHUIEG TNG ETTIPAVEIAGS TOU. .
(Source: Metin Sitti, CMU) i
290 nﬂVEAAWl@%QWl@mK&ﬁHm%O 13-15 NogpBpig

H Navortexvoloyia pipeital & avtiypdeel Tnv duon

NANOTEXNOAOIIA : AutokOAAnTeg ETigpaveieg

}- H kavotnTa pepikwyv {Wwv va TrepTtaTolv oe OpoPEg oPeiAeTal o€ OTOIXEIT
TPOCKOAANONG pEYEBOUG NavoKAIMOKOG.
* H Martouoa tng caupag éxel ~ 1 dig Tpixidia, ye MAatog & Mnkog ~ 200 nm.
* Ta Tpixidla éxouv ZTrdToUAag TToU TTPOCdIdE! ITXUPK TTPOCKOAANGH.
* H TrukvétnTa TwV TpIxIdiwy augdvel pe 1o Bapog Tou {wou. H Zaupa éxel Tn
MEYQAUTEPN TTUKVOTNTA TPIXIDIWV.

Alacpopa €idn wav ME TO (XVTIO'TOIX(X Tpixidia oTig MaTtouoeg Toug

ZKabdapi

http://www.nanowerk.com/spotlight/spotid=1182.php
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H Navotexvoloyia pipeitar & avtiypdeel Tnv doon

NANOTEXNOAOTrIA : Autok6AAnTeg ETriQaveieg
P Mikpéc AtroaTdoeic — MeydAeg Auvapeig!

® Auvépeig Van der Waals amré 11 onuavTikOTEPEG TNV
NavokAipaka, (Bapog arduou ~10-25N),

® H duvapun 1Tou ouykpaTei ouvoedepéva Ta dTtoua givai
>10-°N.

® H Baputnta 1ailel apeAntéo pdAo otn NavokAipaka!

100,
bl AR
~ 1000 lvidia oxfuatog Zmraroulag/Tpixidlo, Epxovrtal o€ f‘:
HIKpr atTréoTacn amré v Emedveia. FUoNet 1w ®
Meta&u Twv Mopiwv Tng Em@dveiag Tng Zavpag "“_:1 dntons o]
avarrtooovTal loxupéc duvapeic Van der Waals. P P
E@apuoyég T

MpooTarteuTik@ KAAUUUOTA yia 00pacTa YUaAId, avTIKEINEVA yia oTEPEwOT (TT. x moe)\onm
MayvnTakia K.a) pe TpIxidia Tou umopouyv va KOAAAGOUV o€ KaBPETTTEG, TTapdBupa K.a.

.nanowerk. 1182.php , http:/crnano.typepad.com/crnblog/2005/09/small_distances.html, http://www.bbc. '242index.shtml
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Mepiexopeva

P Novoteyvoroyia

Opwopoi & Ipoceyyicelg
Navoemotipeg & Navoteyvoroyisg
Teyvohoywki) eE&En

Navo — Buo - Info

P Navoteyvoroyia otnv loTpiki

® NavowTpukn

® Navocopatidw ywo Awayvoon & Osporsio
® Xroysopévy Metagopd @oppikov

® Avayevwntua lotpuci} & Nanorobots

P Navoteyvoroyio otny OdovTiaTPIKY

® Nanodentistry

® Resins & Nanocomposites
® Dental Implants
© Artificial Bioengineered Tooth

P Emikivduvérnta ¢ NavoiaTpikig
} Apacstyprotnres E&A oto LTFN
P Zupmrepdopara

29°¢ [MaveAArvio OdovTiaTtpiké Zuvédpio 13-15 NoguBpiou 2009, lwavviva 18

NavoTtexvoAoyia - BioAoyia & laTpikn \

Therapy (drug
delivery)

Diagnosis
Drug discovery
Monitoring /
Detection

Biomimetism
Self Assembly

plantable U Meets Biology

Devices technology
Biosensors

Biochips
In Vivo Systems,

Nanomaterials
Nanotools

Therape
devices
Molecular
electronics

Bioanalyti

Integrated devices

Smart materials Applications
29° MaveAArvio OdovTiaTpikd Zuvédpio 13-15 NoepBpiou 2009, lwavviva 19

NavoTexvoAloyia

=)

® Kapkivog:
AlGyvwaon o€ npwipo oTadio &
KataoTtpoprn Tou;

® Mertakivnon & AvTikaTaoTaon
BpuppaTiguevou TUUATog Kuttapou
and Navodidaoratn BioAoyikry Mnxavn);

® ®appaka, Movidia, MapayovTeg
AvanTuEr]q & Ayysloyavsor]q MnopouUv
va YETaPePBOUV OE EMINEYUEVEG
NEPIOXEG TOU OWHATOG, HETW
NavoowuaTIdiwv;

AuTa Ta Zevapia pnopei va gpaivovtal AnioTeuta, aAAa eivai ol
>10X0!I TN NavoiaTpikng Ta Endupeva Xpovia
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Navoiatpikny: 'Eva N€o Medio Tng laTpikng

H Navoiarpikn givai:

¢ ‘Eva véo medio, Tou TTpoékuye atrd Tov Zuvduaouod Tng NavorexvoAoyiag pe Tn BioAoyia
Kal TnVv latpikn,

¢ HEmoTtAun & Texvohoyia oxeTikd pe: TN Aidyvwon — Oepartreia & MpoAnywn aocbeveiwv
kol BeAtiwon tng AvBpwtrivng Yyeiag, pe Tn xprion Mopiakwy EpyaAgiwv & MNvwong Tou
AvBpwTivou ZwpaTtog e Moplaké eTitredo.

Nanoparticles for
nt of Disease

5
S w5 NPy
NavoUAiké & o e x
2UOKEUEG ;?%
Nanoparticles would deliver treatment to
specificaly targeted sites, including places
that drugs do not easily. For example,
& gold nanoshells that were targeted to

O ‘ tumors might, when hit by infrared light,
. S i~ i heat up enough to destroy the growths.
EpyaAcia ZuoTrpaTa - Q
AvaAuong & Drug Delivery . Implants with Superior
, Durability & Biocompatiblity
ATTeIkéviong

' !

b
Nanometer -scale modifications of implant
surfaces would improve implant durability and
biocompatibility. For instance, an artificial hip
coated with nanoparticles might bond to the
surrounding tone more tightly than usual, thus
avoiding loosening.
Ac@dAcia & TogIKOTNTa

Improved Imaging for

early diagnosis
Improved or new conirast agents
would detect problems at earliest,
more treatable stages. They
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few cells in size.

Navoiatpikr): ‘Eva N€o lMedio Tng latpikng

P = yia Epgutetpata

BiooupBatég emkaAlyeig

S

i
NANOPARTICLES

Drug Delivery

DIRECTION OF
MAGNETIZATION'S,

¥ Stents
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Navoowpartioia otn NavoiaTpikr)

H Bioiatpikiy NavotexvoAoyia divel TIpwToyvwpeg duvatdTnTeG OTN PAXN KATA TTOAWY
aoBeveIWV (.. Kapkivog, AlaBritne, Kapdiayyeiokéc Tabroeic, ABEVelsC Tou aiuatog & MVEuPOvVwY,
OpBotedikd TTpoBAfuaTa K.T.A....). ..

'OAeg o1 ANMnAemidpdoeig Twv Gappdkwy pe Toug loTolg & 1o MepiBdAlov péoo gival
®daivéueva mou cupBaivouv atn NavokAipgaka.

O oyedlaopog & karaokeur] NPs TTapéxel éva yovipo 11edio yia atTOAUTA EAEYXOMEVES
epapuoyég (1.x. yia Drug- & Gene- Delivery, Avixveuon Aouwv DNA).

Xpnon NPs wg :
E /AimoowpaTta

B [MoAupepikd Navoowpartidia
(Navoo@aipidia, NavokaywouAeg)

E  NavokpuoTtaAlol
Aevopipepn _
®ouMepévia (TTapopoIa O PEYEBOG E g
Opuoveg & lMetrTidia a-£NIKEG) )

E Avopyava NPs (ammd Au & MayvnTikd)

kol KBavTikég TeAgieg
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Navotexvoloyia & Metagopd Pappakwyv
MNari Ta NPs va xpnoipotroin@ouv yia Metagopd Papudkwv?

NPs evwvovtal ye DNA, avixvetouv &

Avdaykn yia Z1éxeuoT) TwV PApHAKWY 08 CUYKEKPIPEVEG EOTIEG EVTOTTIONG TNG
VOOOU YIO HEIWON YEVIKEUPEVWV QVETTIOUUNTWY EVEPYEIWV TT.X XnueloBepaTtreiag

To péyebog Twv NPs emiTpémrel TNV HETO@QOPG TOUG Héow TpIXoeIdwyv & TNV
Opoidpopen Karavour Toug & OUYKEKPIMEVEG TTEPIOXES

AtroreAeoparikn Metagopd EAdYIoTa SiaAutwv | ASIGAUTWY Papudkwyv
EAeyxopevn Arodéopucuon Qapudkwyv Tou petagépovral ye Ta NPs

METAPEPOUV PAPHAKO OE TUYKEKPIMEVA BioAoyikoUg MNapdyovTeg HETOTPETTOVTAG TOUG O€ aBAaBA
KUTTOPA OUOTATIKA

29° MaveAArivio OdovTiatpikd Zuvédpio 13-15 NoepBpiou 2009, lwavviva

>Ngin.urm -€ RUTGERS UNIV
0 )C Robotics and Mech

Mpoypappatiopéva NPs kataoTpépouv emPBAaBeic Xnuikoug&
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NavortexvoAloyia otn Ztoxeupévn Metagopd Papudkwy
Aigdyvwaon-TNapakoAouBnaon mopeiag & Oepatreia TNG vooou

» MNwg TTpéTTel va KataokeuaoToUuv ol Navogopeig BioAoyikwy TTapaydvTwy yia va
TIPOKAAETOUV TNV EVEPYOTTOINGTN KUTTOPIKWY PNXAVIOUWY?

= MNwg PTTOPOUV Va avixveutouv pe Tn xprion Navodounuévwy cuoTnuaTwy ol
O1adIKaCoieg HETAPOPAG PAPUAKWY EVTOG TWV KUTTAPWV?

DBopIopog : Probe

Laser

1 |
EmmiAekTIKA peTapopd NI
VavoowHaTISiwy

Juoowpeuon
‘Self-Assembling’

AkTIVOBOAia pe

= e

)) DWTOAKOUTTIKA
Kopata

11
I B |
[ ngToGspler'] atreikévion

ToTmikG Beppaivopevn
TTEPIOXN

JUCOWNATWHATA VavoowuaTIdiwv

Kapkiviké kUTTapa
O ocuvduaopu6g PwToBepuIKWY, PWTOAKOUCTIKWY, AIEAEUCEWS, ZKEDATEWS TEXVIKWV
ka1 PBopiopol oToxelel aTnv Aldyvwan & Ogpartreia Twv vOowv

" . . L V.P, v et al. /,Nanomedicine: Nanotechnology, Biology, and Medicine 1 (2005) 326-345
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Navotexvohoyia & Metapopd Papudkwv
Xprion MayvnTtikwv NPs

Tissua
Magnetic
3 ® o Hanoparticles Blood Vessal
.
-

Tissue
w—\
[E—T |

MayvnTiké oUoTNPA PETAPOPAG
dappdkwv

Si0;

Ferrite
Core

Amreikévion MayvnTtikou NP
® Mupnvag & E€wTepikd TTEPIBANMO
® E€wrepikd mrepiAnua atmé SiO,
® A€ITOUPYIKEG OUGOEC OUVOEDENEVEG
07O KEAUPOG
Hafeli, Schutt, Teller and Zborowski, Plenum Press 1997
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® MayvATng €KTOG TOU CWHOTOG

¢ Mg payvnTiko 1edio aviyveuel Ta NPs
TTOU PETAPEPOUV TO QAPHAKO Kal £XOUV
€100X0€ei 0TO KUKAOQOPIKO oUCTNUO

2TparTnyikég yia tn Xprion Twv NPs

otn Aidyvwon-fNapakoAoUBnon mopeiag & Oeparreiag Tng vooou

MoAuoTpwpaTtikd cucTApaTa pe MopiakoUg BioaioBnThnpeg yia Tov ‘EAgyxo ThG ZTOXEUNEVNG
AtreAeuBépwong Papudkwy / Tovidiwv oe Mepovwpéva Kutrapa

Kuttapikn ZTéxeuon &
Eicodog

- Ev3okuTTapikn
Z1OXEUON

I:l Mepioxn Biopopiakwy
AlcOnTipwv

- ®dppako / Fovidio
wPOG ameAeubépwon
Y Mopia Z1éxeuong (Avriowua,
DNA, RNA, akoAouBia TreTTIdiwy),

yla akpifeia oTnv oTOXEUON
Twv NPs

o Biopopiakoi AioBnTApeg

[Prow, TW, Kotov, N.A., Lvov, Y.M,, Rijnbrand, R., Leary, J.F. Journal of Molecular Histology, Vol. 35, No.6, pp. 555-564, 2004]
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NavotrexvoAoyia: in- vivo Aidyvworn....

Navo-ATreikovior): NavotexvoAoyia & latpiky Atreikévion
odnyouv oTtn ‘Mopiakn ATreikOvIoT’ TTou oTnpideTal O€:

® NPs wg AvixveuTtég i A€ikTeG AVTIOEOEWG

® ®Oopifovreg NavokpuoTaAAol (KBavTikég TeAeieg)
NPs yia evioxuon Tng avTifEoews TwV CUMBATIKWY
OTTEIKOVIOTIKWY TEXVIKWV:

® Nuclear Imaging pe padievepyoUg aVIXVEUTEG,

® Amreikévion MayvnTtikoU Zuvroviopou (MRI),

® Ymrépnyol, OmrTikég Texvikég & Texvikég akTivwv-X

MAgovekTApaTa TG ‘Navo-Atreikéviong’
® Mpwipn avixveuon Tng vooou
® MapakoAoUBnon cTadiwv Tng vooou

® Exriynon o€ lMpaypatikdé Xpovo tng OepatreuTikAg & Xe1poupyikng

ATTOTEAECHATIKOTNTOG
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Biomedical Nanodevices...

NavorexvoAoyia otn Navodidyvwon

Miniaturisation down to nm Scale will become an essential feature
of Biomedical products & procedures in Post- Genomic era...

Because .........
Nanoscale devices could be :
100-10,000 times smaller than
human Cells but are similar in (3
size to large Biomolecules such

as Enzymes & Receptors...

1 1 101

I L
| |

——
Proteins  Typlcal
virus®H

Staphylococous

NPs <50 nm

can easily enter most Cells gt »
NPs< 20 nm , Biolog
can move out of Blood vessels as they“

circulate through the Body.
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‘ Vascular Diseases: Biosensors - BioMEMS l

® Biosensors on Stents, for the detection /
monitoring of

® Restenosis
® Pressure & Pressure gradié
® Plaque formation

® Biosensors on bandage for
monitoring of

Stentenna — provides information for the blood
flow and pressure, Courtesy U. of Michigan

® Temperature
® Pressure

® Glucose level

http:/research.med.helsinki.fi/co
refacilities/proteinchem
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NavotexvoAoyia : Nanorobots 1} Biobots

Nanorobots: NavoOUGKEUEG TTOU PETAPEPOUV TTANPOPOPIEG EVTOG TWV KUTTAPWYV
Kal Sivouv Tnv duvaTtoTnTa TnG AvTIKATAOTAONS TNG Xauévng AeIToupyIikoTnNTOG
Siapoépwyv loTwv

Respirocytes (rexvnta epubpa . )
AILOCaIpI O PETAPEPOLY TIEPIGTBTERD O, Nanobots mou Avrika@ioTouv Ta Kapdiakd

OTOUC 10TOUC O GUYKPION HE TA PUOIOAOYIKA KUTTAPa TOU OUOTARATOG aYWYNG, NEUPWVEG,KTA
€pUBPOKUTTAPQ)

....0gparreia yia Zuyyevh TTAAPN
KOATTOKOIAIOKO ATTOKAEIOUO,

Neupoek@UAIOTIKEG NOOOUG KTA
pio 13-15 NoepBpiou 2009, lwdvvivavww.e-spaces.com/portfolio/trans/blood/round.gif 31

.....0gparreia yia Kudvwon
Zuyyevwyv kapdiotrabeiwyv, Avaiyia,
Mveupovikég naer’]o£|§ KTA.
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NavotexvoAoyia otnv AvayevvnTiKi laTpikn

OpIouoG...
H AvayevvnTiki laTpiki €ival éva redio épeuvag Ye TTANBOG KAIVIKWV
EQPAPPOYWY TTOU ETTIKEVTPWVETAI :
® Emiokeun (Repair)
¢ AvtikatdoTtaon (Replacement)
® Avayévvnon (Regenerative) Kuttdpwyv, lotwv | Opydvwy yia Tnv
QVTIJETWTTION CUYYEVWYV QVWHAAIWY, 0OBEVEIWV Kal TOU TPAUUATOG.

Xpnoipotrolgi éva ouvBuaoud TeXVOAOYIKWY TTPOCEYYiIoEWV
(CeveTikr) Mnxavikr], Apxéyova KUTTapa, Bioudpia Tou TpokaAouv Tov
TTOAAQTTAQCIAC O TWV KUTTAPWYV KTA)

mépa aTro TIG KAAOIKEG BepaTtreieg TNG MeTapdOXEUONG.

| Xpovikr) §€AISN oUCOWPEUONS KUTTApWYV >




NavotrexvoAoyia otnv AvayevvnTtiki laTpiki

Mapddeiyua: Mpwto oT1ddio otnv ouvBeon véou OaTitn IoToU

AMNAeTTiIOpaCN YETAU:

® MoAupepikoU ZkeAeToU &
Kuttdpwyv

® MpookdAAnon Kuttdpwy,

® MoAAaTTAOGI0C UGG
Kuttépwyv,

® Qpiuyavaon,
AlagpopoTtroinon
Kuttdpwv....

....OAa gival onuavTikoi
TTAPAYOVTEG YIO TV
eTmITUYXia TNG
AvayevvnTiKAG laTpIKAG

Krampera M. et al., Bone 39, Issue 4 (2006), 678
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NavorexvoAoyia otnv AvayevvnTiki laTpikn

Mpooéyyion Tng loTikng MnxavikAg kai Tng NavoTtexvoAoyiag pe Tpia
Baoikd oToixeia:

BiopiunTikda YAikd, Kotrapa, Bioevepyoi Mapdyovteg
0dnyouv o€ KAIVIKEG EpApUOYEG TNG AvayevvnTIKNAG laTpIkAg

Tissue
Engineering

Rationally Design Functional Tissue Equivalents
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Mepiexopeva

H NavorexvoAoyia otnv OdovTiaTpIKn

P Navoteyvohoyia
® Opwpoi & Ilpooseyyicerg
® Novoemotiipes & Navoteyvoroyicg
® Teyvoroyikn e£EMEN
® Navo — B - Info

P Navoteyvoroyio ot laTpiki

® Navowrtpuki

® Navooopatidwe o Avdyvoon & Oepancio
® Zroycvpévn Metagopd Pappdkmv

® AvayevvnTikn latpuc & Nanorobots

P Navoteyvoroyio oty OdovTiaTPIKN

® Nanodentistry

® Resins & Nanocomposites

® Dental Implants

® Artificial Bioengineered Tooth

P> Emikivduvérnta tng Navoiatpikig
} ApacstyproTntec E&A oto LTFN
P Zuptrepdopara
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TexvnTo AovTi

BiouAika

OdovTiaTpIKa
gPUTELPATA

Resins
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Nanodentistry

¢ Nanodentistry by employing Nanomaterials, Biotechnology,
Tissue engineering & Dental nanorobotics will maintain oral
health and will

® Provide new potential treatment opportunities

Local anesthesia, Dentition renaturalization, Permanent hyper- sensitivity cure, Orthodontic realignments in a
single visit, Continuous oral health maintenance using mechanical dentifrobots

® Replace teeth in a single procedure with ultimate precision &
correctness.

¢ All Diagnoses and Treatments will
based on Nanostructured materials
& Nanorobots

® 10-15 years are required to make
this happen.

3 remote-controlled Nanorobots clean the
Occlusal surface of a patient's tooth.
Nanorobots ~1000 times larger .

Copyright 2001 American Dental Associasion

Nanodentistry

® NPs as drug targeting & delivery systems at the surgical area to induce local
anesthesia.

¢ Tooth straightening and procedures involving restorative dentistry such as
crown placement and bridgework will be performed using Nanorobots.

® Cosmetic application with the help of covalently bonded artificial materials which will
serve as tooth enamel.

¢ Dentirobots will destroy harmful Bacteria and decrease the chances of tooth
decay, formation of cavities and gum disease.

® Nanodentistry will prevent periodontal disease and
other oral complications.

® In general the available treatments in

Nanodentistry :

Orthodontics & Tooth repair,

Treatment for sensitivity to temperature,
Cosmetic procedures & Tooth renaturalization.

4 remote-controlled Nanorobots clean the

Surface of a patient's teeth, near the

Gumline

Nanorobots ~1000 times larger .
http://www.drgdental.net/an-introduction-to-nanodentistry-and-its-applications/ (20/4/2009)

hp:Muverkeresi GiovgdiaroriesiineGale sy [lanpifpisirmage] SR btviva

Copyrigit 2001 Amsncan Dental Associaton

Resins & Nanocomposites

Future in Composite Resin Fillings

Advantages of Nanocomposites vs Conventional composites
® Superior hardness, flexural strength, Elastic Modulus

“ ol ® Superior transluscency & esthetic appeal, excellent
colour density, high polish and polish retention

® 50% reduction in filling shrinkage

Excellent handling properties

¢ Better blend with natural tooth structure

Different Nanostructured Materials to improve the properties of dental resins

- Single-walled Carbon Nanotubes (SWCNT)
To Improve the mechanical properties (flexural strength) of the composites
SWCNT are of a gray black colour (poor esthetics of the tooth)
- TiO2 Nanoparticles
To Improve the mechanical properties (flexural strength) of the composites
Wear of the composite and release of NPs: Potential health risk
Trade name: Filtek™ Supreme Universal Restorative Pure Nano™

[H.M. Jhaveri, P.R.Balaji, The J. Indian Prosthodontic Society, March 2005, Vol.5, Issue 1]
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Problem:Tended to blacken in
color over time

Alternative Solutions
Composite Resin Dental Fillings
1. Plastic Dental Resins

- Look like a natural tooth

- Strong, Durable, and make for a very natural looking smile

- Ability to bond to biological tissues permanently

Example: ORMOCER
-Inorganic-Organic copolymers in addition to the inorganic
silanated filler particles

-Advantage: Similar Thermal Coefficient to natural tooth structure

heteroatoms in

inorganic
structures Strong s
o E- ALzl Covalent omposite Dental
u;mg;a - ‘?‘“’ ..{_‘bonding Resin

o
|

organic
crosslinki
Curing process

2009, lwavviva




Dental Implants

Dental Implants...and Nanomaterials

Typical Materials as Dental Implants
*Ti
¢ Alloys
¢ Ceramics

v |

Ti is most commonly used as an implant material
¢ Osseointegrates rapidly to the surrounding areas
® Forms a tight seal against bacterial invasion.

Ceramics are also used as implant materials <

¢ Similar composition to natural tooth so ability to bond to it
® Low wear characteristics, increase the lifetime of the implant

F.H. Jones, Surface Science Reports 42 (2001) 75-205
S.R. Paital, N.B. Dahotre, Materials Science and Engineering R 66 (2009) 1-70
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ADVANTAGES OF USING DIFFERENT NANOMATERIALS

1. TiO, Nanotubes
- Provide an interface suitable for anchoring connective tissue
- Possess an empty volume for filling with Bioactivating species

Deposition conditions influence the Nanotube diameter and layer thickness

2. TiO2 Nanoparticles

- Nontoxic while chemically stable

- Exhibits a highly efficient photocatalytic effect
- Improve the stiffness, strength and toughness
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Artificial Bioengineered Tooth

Technique of Bioengineered tooth germ

® Regenerative medicine promises new therapeutic techniques for the
repair and replacement of tissues and organs that have lost functions due
to ageing, disease, damage, and congenital defects.

® Nanotechnological approaches will lead to the realization of Dental
Regenerative Therapies for partial repair by Stem cell transplantation &
for whole tooth replacement using Bioengineered tooth germ.

Kazuhisa Nak%J Takashi Tsyiji, Ja

panese Dental Scjence Review (2008) 44, 70—75
296 TTaveAAnvio OBovTIoTPIKG 2UVESpIO 13-15 a

NoepBpiou 2009, lwavviv

Tissue Engineering is applicated using Scaffold & Cell aggregation method

1. Cell Aggregation method creates un-differentiated tooth germ using tooth germ cells,
2. Tissue Engineering method builds differentiated teeth by seeding several kinds of
differentiated cells in scaffold.

4 Cell aggregete mefhod b Tissue engineering )
" . . o9 Sesding onto Bioengineered
Tuoh gem o0 Mogregatng  Bloengneered | - Amelblast 000 ’
o semprogenitorcels  ©.°° scaffold toath
Epifelal o2l ol footh germ 00
a Odonlablast 0o '
ULA— — demprogentorcells 000 ——
Teoth e 000 0o
Mesenchymelcels 000 00
0o Periodontal ligament 000
stemiprogenitor cells 000

Tissue Engineering Applications for:

® the formation of differentiated tooth or tooth germ in late stages of
differentiation

¢ in Odontoblast/Ameloblast cell lineages in organ architecture, because they

can manipulate a spatial configuration of several types of cells and scaffolds
Kazuhisa Nakao, Takashi Tsuji, Japanese Dental Science Review (2008) 44, 70—75
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FIRST FINDINGS: Artificial Bioengineered Tooth

New Tooth Cavity Protection

Fully functioning tooth replacement in
an adult mouse

By transplantation of bioengineered tooth germ
into the alveolar bone in the lost tooth region.

Correct tooth structure, hardness of mineralized
tissues for mastication, and response to
noxious stimulations such as mechanical stress
and pain in cooperation with other oral and
maxillofacial tissues.

This technology as a model for future
ORGAN REPLACEMENT THERAPIES

Takashi Tsuiji, et al., Fully functional bioengineered tooth replacement as an organ replacement therapy (under review)

U A new method of protecting teeth from cavities by ultrafine polishing
with silica Nanoparticles

® Polishing the surface of human teeth down to nanoscale roughness leads to teeth
that become too “Slippery” for the "bad" Bacteria that is responsible for the
destruction of dental enamel.

Science Daily (Dec. 22, 2008) Clarkson University, Center for Advanced Materials

Q Polymeric Ultra Thin Films applied to surfaces to control microbe
accumulation
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Mepiexépeva Extignon Emikivdouvornrtag tng Navoiarpikig
> - Ofpara Ao@dAsiag & TogikoTnTag
Navotgyvoroyia
® Opiopoi & Ipoceyyiceig Xapakrtnpiopég NPs trou 1'rpoop|Zovrou yia Bloiatpikég epappoyég
® Novoemotiipes & Navoteyvoroyicg Fulerenes W%‘:‘ . -~
® Teyvoroyukij eE6MEN =i 2 ‘.‘:"_ £ fl ; Gold nanoshells
® Navo — Buo - Info e Sy ‘\;}
P Navoteyvoroyio ot laTpiki Poymer
nangparticles }»s. »
® Navowrtpuki vy A
. . . s o Dendrimers
® Navooopatidwe o Avdyvoon & Oepancio &t
® Zroycvpévn Metagopd Pappdkmv
® Avaysvvnriki lotpuiy & Nanorobots
Le 4 AAAnAeTidpaon pe aipa
Navoteyvoroyia otnv OdovtiaTpik
> XV y n p Tl (AipooupBaTtoTnTa) ‘ Sucowpeuon NPs oTa 6pyava
° Nanodentistry * AKEPAIOTNTA EPUBPWV aINOTPAIPiWY
* MAgN aiparog
® Resins & Nanocomposites ® AéGUEUO TIPWTEIVGIV
® Dental Implants
® Artificial Bioengineered Tooth \
7 o 7 Evepyotroinon
P> Emikivduvérnra tng Navoiatpikig A""“A‘"'szg;'gl(ﬁj:;ip“""g ‘"“ ? AvoooTroInTIKOU ZUGTAATOS
4 * Avooodiéyepon
} Apactnprotnreg E&A oto LTFN Avooortms
P Zuptrepdopara \ L
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Mepiexopeva

LTFN Personnel & Infrastructure

P Navoteyvoroyia
® Opwpoi & Ilpooseyyicerg
® Novoemotiipes & Navoteyvoloyicg
® Teyvoroyikn eEEMEN
® Navo — B - Info

P Navoteyvoroyio oty laTpikn
® Navowrtpuki
® Navocopatidwr yia Auayvoen & Ogpancia
® Xroyevpévn Metagopd Poppdxmv
® Avayevvnriki latpukiy & Nanorobots

P Navoteyvoroyio otnv OdovTiaTPIKN

® Nanodentistry

® Resins & Nanocomposites

® Dental Implants

® Artificial Bioengineered Tooth

P Emikivduvérnta tng NavoiaTpikig
} Apaoctnprétnrec E&A 6to LTFN
P Zuptrepdopara
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Laboratory for Thin Films - Nanosystems & Nanometrology (LTFN
Director: Prof. S. Logothetidis
25 Research Scientists (Physicists, Medical Doctors,Chemists, Engineers and Biologists) 3 Technicians &

IT Support ~350 m? of Laboratory space, 60 Affiliated Laboratories (Networks) & 100 Affiliated

Researchers in Greece & Europe. . . L
(L) Nanomaterials Synthesis & Fabrication Lab Thermal Evaporator

Lab-Scale Gravure
Printing

R2R printing system

Glove Box

[LJLab of Structural & Nanomec aproprtles =
.F OPVs Testing & Characterlzatmn Lab

Solar Simulator

Contact Angle

batpridfinpiny S aupikgEuvédpio 13-15 NoeuBg

net.gr)-j

!NanoNet (www na

Vertical
Clusters

HJ ”‘
Allantic
QOcean
200.0rganizations
(Unlversmes Redlihitch Centers & Companies)
L, * 120 groups.from Greece
s 70 groups from Eufope
15 orgpnlzatlons from USA
. < 30 companies

LTFN: Educatlon-Trammg & Conferences

Alexandros Palace Hotel Ouranoupelis
Halkidiki. Graece

7th International Conference on IN@NOSCIENCES &
Nanotechnologies - NN10

12-14 July 2010, Alexandros Palace Hotel, Ourancupoli: alkidiki, Greece

4" International Summer Sché:ml on
Nanosciences & Nanotechnologies (N&N):
QOrganic Electronics & Nanomedicine

the
Internalional Summer School
(1017 July, 2010, Quranoupolis, Halkidiki, Greece)

- HEN
- Cuganic Blectrorics
- Hancme dicine & Hanobiotechnolog

Who should amend?
*Undergraduate studercs
*Graduate students
“Post Graduate Students
#Pest Doctoral Fellows
*Ressarches Scientists




EYXAPIZTIEZ...

" MpoowTriké TOU
Epyaotnpiou LTFN,
Tu. Puoikig, AlNO

http://itfn.physics.auth.gr
" OpyavwrTikn EmiTpoti

®OMoug Eodg yia Tnv MNpoocoxr cag...
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2nd Rusnanotech
October 2009

H Pwaoia mrepiyével amro
TNV NavoTtexvoAoyia

& Y1rooTtnpilel evepyd
OAeG TIC OpAOEIC TNG. ..
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Lab for Thin Films — Nanosystems & Nanometrology (LTFN)

Aristotle University of Thessaloniki, Physics Department
GR-54124 Thessaloniki, Greece, http://Iitfn.physics.auth.gr

“H NavotexvoAoyia otnv OdovTIaTpIKn
Emiotiun”

21épylog Aoyo0BeTidng
logot@auth.gr

e Lab for Thin Films — Nanosystems & Nanometrology, Physics Dept.
Aristotle University of Thessaloniki
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