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1. TIA 11" XPONIA H “NANOTEXNOLOGY 2014” £THN OEZXZAAONIKH !

MNa 11n ouvexn xpovid dlopyavwbnKe TO TTAYKOCOUioOU
enung ToAuyeyovog “NANOTEXNOLOGY 2014~
atrd 11 5 €wg TIG 12 louAiou 2014 oTo =gvodoxeio &
2uvedplakd kévipo Porto Palace, otn ©cocalovikn. H
olopyavwon NANOTEXNOLOGY 2014 mrepiAduBave
Ta KaBigpwpéva AieBvry Zuvédpia NN14, ISFOE14, Ta
Oepiva ZxoAcia ISSON14 kai v 'EkBeon Navotex-
vohoyiag EXPO14 ki £€pepe KOvTA KalvOTOPOUG QTTO
TNV AKadnuaikr koivétnta, Ta EpguvnTika Kévipa Kal
TN Biounyavia pge okoTrd TNV TTPoaywyr EPEUVNTIKWV
Kal BIOUNXOVIKWY OUVEPYAOIWV Kal Tn d1adoon Twv
e€eliewv oTov paydaia avaTTTUOOOUEVO TOPEA TWV
NavotexvoAoyiwv Kal Twv Opyavikwv HAEKTPOVIKWV.
H NANOTEXNOLOGY 2014 atrotéAeoe Yéao yia Tnv
avadeIgn KavOTOUWYV Kal ETTEVOUTIKWY EUKAIPIWV OTN
NoTioavaToAik EupwTrn kai Tnv Teploxh Twv BaAkao-
viwv oToug Topeig Twv N&N kai Twv Opyavikwv HAek-

TPOVIKWV.

H NANOTEXNOLOGY 2014 é@epe yia TTEPIOGOTEPO
ammd pia gBdoudda TN Ococalovikn GTO TTPOCKAVIO
NG O1EBVOUG ETTIOTNPOVIKAG ETTIKAIPOTNTAG  QIAOEE-
vwvTag TTavw ato 1.500 €1dikolg atmmd 57 Xwpeg, UE
TTANBWPQa cukalpiy, culnTHoEWV Kal aAANAETIOPA-
ocwv pPeTagu Toug. O1 ouvedpol atrapTidovrav atrd
ETTIOTAMUOVEG, EPEUVNTEG, EKTTPOCWTTOUG TNG PBIOPNXA-
viag, €TTeVOUTEG, EKTTPOCWITTOUG TOU XWPOU TTAPOXNG
UTTNPECIWV Kal €I0IKOUG PETAPOPAS TeXVOAoyiag, ol
OTTOi0I OUVOVTABNKAV Kal TTapoudiacav TIG EPEUVNTI-
KEG TOUG dPACTNPIOTNTEG KAl TIG KAIVOTOUIEG TOUG ME
TEPIOCOTEPEG ATTO 760 OMIAIEG KAl TTAPOUCIACEIG. 2TO
NANOTEXNOLOGY 2014 ¢éAaBav pépog 140 IvoTito-
uta kai Aiebvr) Epeuvnrikd Kévrpa, 250 MNavemoTiuia
atré TNV EAAGSQ Kal To eEwTEPIKO Kal OEKADES ETAIPEI-
£G KAIVOTOPWY TTPOIOVTWY atrd 6Ao Tov kOouo. ETri-
ong, 124 véol gpeuvnTéC KAl PETATITUXIAKOI QOITNTEG
a1rd KABe ywvid TOU KOGUOU CUMHETEIXAV OTO OepIvo
>x0Agio, ISSON14.
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“11° Aigbvég Zuvédpio aris Navoerio-
ues & NavorexvoAoyieg (NN14)”, 8-11 louAiou 2014

To NN14, 1o TTaykoouiou eupéAciag yeyovog oTig Na-
voemmoTAues & NavotexvoAoyieg (N&N), TTpayparoTro-
INBnke amd TG 8 £wg TIG 11 louAiou 2014. To NN14
€oTiaoe OTIG TeAeuTaieg e€eAigelg oTov TopEéa Twv N&N
Kal TV TTPOAYWYr OUCIOOTIKWY ETTIOTAMOVIKWY aAAn-
Aemdpdoewyv peTagu epeuvnTwv atrd didgopa TTedia
Ol OTToi0I EVOIAPEPOVTAI VIO TA VEQ ETTIOCTAMOVIKA Kal
TEXVOAOYIKA €MTEUYUATA TTOU TTPOKUTITOUV OTNV TTE-
piox) Twv N&N KiI gUTTEPIEXOUV TA NAEKTPOVIKA, TNV
evépyela, 1o TTePIBAAAOV, TNV uyeEia, TIG HETAPOPES, TV
ao@AAgIa, TNV EKTTAIdEUON K.Q.

To NN14 TrepIAduBave TTEVTE TTAYKOOMIWG YVWOTA
Workshops kai €I0IKEG evoTNTEG, OTTOU 06BNKAV OMIAI-
€G amo OIEBvwG avayvwpIoPEVOUG ETTIOTHMOVES Kal
EKTTPOCWTTOUG TNG Blounxaviag.

Mo ouykekpiyéva, Ta Workshops kai Ta Béuata 1Tou

avaTmTuxenkav ATav:

WORKSHOP 1: Nanoelectronics —

Photonics —Phononics -Plasmonics —Energy

Fundamentals from Electronics to Energy
Materials

Devices & Applications

Processes & Characterisation

For better Understanding, Theory & Computa-
tions

WORKSHOP 2: Nanomaterials, Nanofabri-

cation, Nanoengineering & Nanoconstruction

Workshop on Carbon Materials

Polymer Nanotechnologies

Nanomaterials, Development, Properties &
Characterization

For better Understanding, Theory & Computa-
tions

Nanoconstruction and Building Materials
Biomaterials at Nanoscale
Commercialization in
Equipment & Processes

NANO- Materials,

WORKSHOP 3: NANOMEDICINE

Basics related with Medicine, Biology and
Nanotechnology

Nanomaterials in any form

Clinical Applications

Update on Preclinical and Clinical trials on
Nanomedicine

Nanotoxicity, Risk Assessment and Ethics
Commercialization in Nanomedicine

WORKSHOP 4: BIOELECTRONICS

Fundamentals from Materials to Biology and
Medicine

Biosensors and Bioactuators

Biological and Clinical Applications
Commercialization in Biosensors and Diag-
nostic systems

WORKSHOP 5: GRAPHENE and
RELATED MATERIALS

O1 Plenary opidieg Tou NANOTEXNOLOGY 2014 ol
oTToieg atreuBUvVovTav 0€ OAOUG TOUG OUMUETEXOVTEG
ToUu 660nKav amd TOuG OIOKEKPINEVOUG ETTIOTIUOVEG
Kaf. Mario Leclerc kai KaB. Kwota ZoukouAn. O
KaBnynt¢ Mario Leclerc amd 1o TuAua Xnueiag Tou
Université Laval, Tng moAng Quebec, Tou Kavadda xa-
évapen
NANOTEXNOLOGY 2014 pe mnv opihia tou: “Conju-

gated Polymers:  From

IpETNOE mv EPYQTILOV g
MicroElectronics  to
Genomics”. 21 ouvéxela, o Kabnyntig Kwaotag Zou-
KOUANG amd 1o Ivomitouto HAekTpovIKAG SOUAG Kal
Laser Tou Idpupatog Texvoloyiag & ‘Epeuvag, Tou
HpakAgiou Tng KpATtng kai 1o TuAua duoikng kai Ac-
Tpovouiag Tou lowa State University Twv HIMA piAnoe
yla: “Recent progress in metamaterials and their ap-

plications”.



2TIydTutTo ammo tnv Kevipikr) EkdnAwon

Kard 1n didpkeia tng NANOTEXNOLOGY 2014 ol
etéxovTteg olvedpol TTou £dwoav Keynote oulAieg i-
Tav ol Kabnyntég: Jerome Cornil amé 10 University
of Mons-Hainaut Tou BeAyiou, Kazuo Takimiya amd
10 RIKEN Center for Emergent Matter Science
(CEMS) ¢ latrwviag, David Lidzey ammd 1o Tuqua
Quoikig kai Aotpovopiag Tou University of Sheffield
™G M. Bpetaviag, Denis Andrienko amé 10 Max
Planck Institute for Polymer Research g lleppaviag,
EvBupiog Kagipag ammdé 1o Harvard University Twv
HIMA, Marin Soljacic armé 1o Massachusetts Institute
of Technology Twv HIMA, EgpavounA MavvéAng atrd
10 TuAMa EmoTtApng YAIkwy kal Mnxavikig tou Cor-
nell University Twv HIMA, K. Gus Kousoulas até 10
Louisiana State University-Tulane NIH Center for Bi-
omedical Research, Kupidkog KoufoétrouAog atod
10 TuRua MnxavoAéywv Mnxavikwv Tou University of
California Berkeley Twv HIMA kai Carsten Deibel amé
10 Julius-Maximilians-University of Wurzburg ng
eppaviag.

2T1a TTAaiola Tou Bioelectronics Workshop trpayuaro-
TToINenke TugATnon ZrpoyyuAng Tpatédng pe BEua:
“Ta BionAektpovikd otoxeuouv Tnv KAvikn MNpak-
TIKR”, 6TTou €10IKOi OTOV TOPEQ TWV BIONAEKTPOVIKWV
oulnTnoav Pe yiatpoug yia TIG duvaToTNTEG TTOU TTPO-
KUTTTOUV aTTd TN OUVEPYEID TWV dUO AUTWV XWPWV
otnVv TPOANWnN, Tnv £ykaipn didyvwon Kai Tn Bepatre-
ia Twv avBpwtivwy acBevelwyv. AkOun, TTapoucido-
TNKAV 10TPIKEG OUOKEUEG, BloaiobnThpeg Kal Blogvep-

yoTroinTég TTou duvavTal va XpnoipoTtroinBoulv otn ué-

XN evavmia otov AlaBATN, o MoAuopaTikég Kal PAey-
Movwdelg aoBéveleg, oe NeUPOEKPUAIOTIKEG OOBEVEIEG,
otnv EmAnyia, Tnv ApTnpliockAfpuvon K.a.

Katd 1mn didpkeia tou NN14 trpayuaTotroiinke €mi-
onun atmovoun BpaBeiwv yia tnv kaAutepn Mpogopi-
KA Mapouciaon kal To kKaAUTepo Poster. To Bpafeio
yla Tnv KaAutepn MNpogopikn MNapouciacn atmmoveun-
Onke atov Phillip Manley, a6 1o Helmholtz-Zentrum
Berlin kai yia 1o kaAUTEpO Poster otov lwdavvn Avoo-
Tacémouho  amé 1o [lavemotiuio Matpwv -
FORTH/ICE-HT. Etriong, yia akdun pia xpovid d66n-
Ke TO BpaBeio yia 10 KaAUTEPO Poster oT1o TTEdIO
"Nanotoxicology in the Physiological Context"
amdé TNV AUCTPIOKN) eTalpeia BioNanoNet
Forschungsgesellschaft GmbH otnv Helen Andersen

ato 1o University of Copenhagen.

7-10 July 2014

“To Aiebvéc 2uumrooio ora Euxkaurra
Opyavikd HAektpovikd (ISFOE14)”, 7-10 louAiou 2014

To 7° AigBvég Zuutroéoio ota EUkaptrta Opyavikd
HAekTpovika (ISFOE14), Tou atroteAei éva atmd Ta
ONPavTIKOTEPA YEYOVOTA BIEBVWG, TTPAYUATOTTOINONKE
atrd TG 7 €wg TIg 10 louAiou 2014. 210 ISFOE14 ouy-
KevTpwlnkav d1eBvoug @RUNG ETTIOTHHOVEG, UNXAVIKOI
KAl EKTTPOCWTTOI aTTo Blopnxavieg kal avidAAagav 10€-
€G TTPOKEINEVOU va AuBouv @Aéyovta (nTruaTa oTO
medio Twv Opyavikwy Kal EkTuttwpévwy HAeKTpovI-

KWV.



O1 aupetéxovres Tou ISSON14 v mEwWTN NUEPQ TOU ZX0AgioU

Ta Workshops kai o1 €10IKEG €vOTNTEG TOU

ISFOE14 eoTiadav oTa £§\¢g Béuara:

Organic and Large Area Electronic (OLAE) materi-
als

Manufacturing Processes & Digital Fabrication and
Quality Control for Industrial Applications

Organic Photovoltaics

Bioelectronics

Graphene and related materials

OLEDs for Displays and Lighting

Laser Technologies

Smart Textiles

Computational Modelling

OTFTs and Circuits

Integrated Systems and Sensors

EmmAéov, katd T AAgn Tou Zuvedpiou ©66nke TO
BpaBeio Néou Epeuvnth yia Tnv KaAuTtepn MNpo@opikn
Mapouciaon oTtov Alberto Perrotta amé 1o Eindhoven

University of Technology.
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5-12 July 2014

“Bo Aigbvéc Oepivo ZxoAgio oTig
N&N, ta Opyavikd@ HAektpovika kai 1 Navoiarpikn
(ISSON14)”, 5-12 louAiou 2014

Ta Aigbvr) Oepiva ZxoAcia ISSON14 mTpayuaToTroin-
Bnkav a1té TIG 5 €wg TIG 12 louAiou Tou 2014, cupuTTe-
piIAauBavouévng Tng ouppeToxrng oto NN14. 10
ISSON14 £yive pia avaokOTnon TNG TPEXOUOAS KO-
TdoTOONG OTa payddia avamTuooopeva Tredia Twv

N&N, Twv Opyavikwv HAekTpovikwyv kal Tng Navoiat-

PIKNG WE OKOTTO TNV EKTTAIOEUCN TNG ETTOUEVNG YEVIAG
EPEUVNTWV Kal EMMOTNPOVWY. O1 124 QUUMETEXOVTEG
TTapakoAoUBnoav ouIAieg atmd BIAKEKPINEVOUS ETTIO-
TAMOVEG VIO TIG VEEG €CENICEIC KAl TIG TEXVIKEG QIXMNAG
Twv N&N kai Twv Opyavikwv HAeKTpovIKwyY Kal
TIPOYHOTOTIOINONKE ETTIOEIEN TWV EPYACTNPIOKWY EY-
KATOOTACEWVY OTTO ETAIPEIEG OPYAVWY VIO TNV AVATITU-
&n Kal 70 XapakTnPEIopd UAIKWY 0T VaVOKAIJOKA.

Ta padnuara kai ol opiAieg Tou ISSON xwpilovtav o€
TPEIG CUPTTANPWHATIKEG KATEUBUVOEIG KAl Ol CUMMETE-
XOVTEG TTAPAKOAOUBNCAV TIG TTOPAKATW BEPATIKEG:
KateuBuvon 1: Navoetmiotrueg & NavotexvoAloyieg

Principles
Nanomaterials
Nanoscale Characterization
Applications
KatetuBuvon 2: Opyavikd HAekTpoviké

Materials
Devices
Manufacturing
Applications

KatetuBuvon 3: NavoiaTpiki

Nanobiotechnology

Nanomedicine

Methods

Clinical Applications
>1a TTAdiola Tou ISSON14 ol oTToudaoTEG TTAPOUTia-
oav TepIoaoTepa atrd 50 Posters kal BpaBeldtnkav Ta
KaAUTEpa posters Twv: Tpavtakn lwévvn atd 1o ETH
Zurich ka1 Karl David Wegner amé 10 Université
Paris-Sud.

7111uly 2013 “4n Aiebvrc EkBeon aric NavorexvoAoyi-
e¢ & 1a Opyavika HAeKTpovIKG
(NANOTEXNOLOGY2014 Expo)”, 7-11 louAiou 2014

H 4" NANOTEXNOLOGY Expo TrpayuoToTroinénke
a1mo TIG 7 €wg TIG 11 louAiou 2014 ka1 @IAogEvnoe TTe-
p10aoTEPOUG atro 30 ekBETEG aTrd 16 XWpPES, 01 OTToiol

TTapouciacav TG TEAeUTaieg eCeNiEeIg oTa:



Materials & Chemicals

Manufacturing & Synthesis processes
Metrology & Instrumentation Systems
Applications

Devices

Services

2niyuiorurro amo v EXPO14

H NANOTEXNOLOGY 2014 Expo atroTéAece pia €€a-
IPETIKA EUKaIpia oUVAVTNONG ETTIOTNUOVWY KOl EPEUVN-
TWV PE TOUG aVOPWTTOUG TNG TTOPAYWYNG TWV EQAPUO-
ywv Kail TG Biounxaviag.

Mo ouyKeKPIYEVA, CUUPETEIXQV OE QUTH ETAIPEIEG TTOU

dpaoTnpIoTToIoUVTAl OTOUG TOWEIG TNG NavoTexvoAoyi-

ag Kal Twv Opyavikwy HAeKTpoviKwy Kal Akadnuaiké
kal Epeuvnriké 1dpUpata mou €mBupolv va agloTrol-

NOOUV TA ATTOTEAEOUATA TNG £PEUVAG TOUG.

H NANOTEXNOLOGY 2014 diopyavwbnke atmd 1o
Epyaotipio Aemtwv Ypueviwv Navoouotnuatwy &
Navouetpohoyiag LTFN, tou A.M.©. kai utrootnpix-
Onke ammd Oeuatikd Aiktuo NANONET, ta lMavemo-
TAMia BERKLEY, BORDEAUX, 1oAG Eupwtraikd
Epeuvnrika [Mpoypduuata, 1 Zwvn KaivoTtouiag
O@eooalovikng, kal GAAOUG QOpEiG.

MAnpogopicg oxetika pe Tn NANOTEXNOLOGY2014
loTooeAida

MTTOpOUV va BpeBouv otnv

http://www.nanotexnology.com.

doipn AoyobeTidn
ATTOQOITOG PapPaAKEUTIKAG ZXO0AAG AlNO

2. MATCHMAKING EVENT ME NEPIZZOTEPEZ AINO 140 AIMEPEIZ
2YNANTHZEIZ ZTHN NANOTEXNOLOGY 2014

210 TAaiolo Tng NANOTEXNOLOGY 2014 T1nv
Terdptn 9 louAiou 1o Aiktuo MPA=H ka1 n EBETAM
A.E., uéAn Tou Enterprise Europe Network — Hellas,
oe ouvepyaoia pe 10 Epyactipio Aemrtwv Yueviwv
NavoouoTtnuatwyv & NavoueTpohoyiag (LTFN)
dlopydvwoav TV €KONAWON  TEXVOAOYIKWV  Kal
ETMIXEIPNMOTIKWY ouvavThoewy Matchmaking event, n

OTToiI0 OAOKANPWONKE WE 1IB1aiTEPN ETTITUXIA.

210 Matchmaking Event cuppueteixav 68 ekrpoowTTOI

TTAVETTIOTAMIWY, EPEUVNTIKWV KEVTPWV Kal

ETTIXEIPAOEWV ol oTTOIOI TTpayuaToTToincav

TeploodTePEG a1rd 140 TTPOYPAUMOTIOUEVEG DIPEPEIG
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ouvavtioelg. O oT1éXog Twv oulnTAcEwv ATAV N
Olepelivnon Twv  TIPOOTITIKWY  OUVEPYQOiag o€
EPEUVNTIKO  Kal  gmMXelpnMaTikG  emimedo. Ol
OUUMETEXOVTEG QOPEIC TTPoEépXovVTav O€ TTO000TO
mepitou 50% amd tnv EAAGSQ, €vwy o1 UTTOAOITTOI
Kupiwg atd Tnv ItaAia, Tn Meppavia, Tn M. BpeTavia
Kai Tig H.IM.A.

H mTpwTtofoulia NG ekdAAWONG AUTAG KPIBNKE TTOAU
BETIKA ATTO TOUG CUMPUETEXOVTEG, Ol OTTOIOI EiTE €ixav
TNV €UKAIPia va €VTAEOUV OTO £VTOVO TTPOYPAUMA TOU
ouvedpiou Hia TTPOOWTTIKA aTCévia OUVAVTACEWV N

ouppeteixav otnv NANOTEXNOLOGY 2014 atrokAe-

I0TIKA yia To Matchmaking Event. MdAioTa, n TTAcio-
wneia Toug ONAwoe OTI TTpayPaToTIoiNCcE IBIAITEPA
evOIQQEPOUCEG OUVAVTAOEIS ME MEYAAn mMOavoTnTa
olvayng MIag WEAAOVTIKAG TEXVOAOYIKAG 1 ETTIXEIPN-

MOTIKAG OUvEPYATiag.

Vaya Piteli - Physicist
Technology Transfer Consultant
PRAXI Network

3. MEETING WITH AUTHORITIES AND INDUSTRY REPRESENTATIVES TO
DISCUSS THE:
“Priorities & Incentives for Sustainable Growth in Greece within ESPA,
Smart Specialization and H2020”

On Friday 11 July 2014 at Porto Palace Hotel the
meeting on the "Priorities & Incentives for Sus-
tainable Growth in Greece within ESPA, Smart
Specialization and H2020" in the end of the event
NANOTEXNOLOGY 2014 took place between the
local authorities and members of the local industry.
The agenda of the meeting involved seven presenta-
tions with topics, covering the most important techno-
logical and entrepreneurial subjects for the Central
Macedonia region.

Among the attendants were Prof. S. Logothetidis,
LTFN, AUTh, Greece, Dr. S. Papalexiou, Ptolemeo
SA, Greece, Dr. H. Binder, BTC Technologies GmbH,
Germany, Dr. P. Giannoules, g/t cons, Germany,
Stylianos G. Neophytides, FORTH/ICE-HT, Greece,
Prof. K. Gus Kousoulas, Associated Vice Cancellor
Louisiana State University, USA, T. Makrantonaki,
Vice Governor of Central Macedonia, K.
Parthenopoulos, General Director of Ministry for Ma-
cedonia & Thrace, Loufakis, President and CEO of

"Loufakis Chemicals SA" and president of the Export-
ers' Association of Northern Greece (SEBE), Charles
Mouratides, President of CHI, Chicago, E.
Vlachogiannis, Vice President of Commerce & Indus-
try Chamber of Thessaloniki, V. Thomaidis, President
& CEO of Compucon S.A., Thessaloniki, K. Tramant-
zas, Development Manager of Alexander Innovation
Zone S.A., N. Komninos, Prof. of Urban Development
and Innovation Policy at the AUTh, Dr Nico Meyer,
Coatema Germany, Dr G. Darliski, COPT NRW Clus-
ter, Germany, Paul Karasso, Entrepreneur and many
others. In the end, discussion and comments from the

participants followed.



Moments from the meeting

At the beginning of the meeting, Professor of AUTh S.
Logothetidis welcomed all the participants to the
event and gave information about the themes and the

program of the meeting.

Professor Stergios Logothetidis (AUTh)

In the first presentation: ‘Organic & Printed Elec-
tronics: Building the New Industry in Greece’ Pro-
fessor of AUTh S. Logothetidis referred to the oppor-
tunities that Greece can provide. After presenting the
dynamics of Organic Electronics and the possibilities
opened up by the market, he described briefly the re-
search activities of the Lab of Nanosystems &
Nanometrology (LTFN) through already existing and
new research programs. He also presented the re-
sults of LTFN research on the geographical distribu-
tion of companies in Greece that are active in nano-

technology, the nanotechnology industry sectors by

applications and the nanotechnology startup / spin off
companies. He also emphasized that according to the
Endeavor Greece (June 2014), 90% of the existing
Greek companies cannot create jobs in Greece, and
only the 0.5%, (3000 companies) can create jobs.
The evolution of Greek Nanotech companies and
their sigmoidal evolution started about 2002 with two
circles of investment was also presented and it was
revealed that the saturation, about 230 Nanotech
companies in Greece, will be around 2021. However,
if we want to increase this picture and to contribute to
the Greek sustainable growth then a new strategy,
the proper incentives and specific targets are urgently
needed to be taken during the plan period of the com-
ing National Program (New ESPA). Finally, he
stressed on the necessity the Smart Specialization
(RIS3) should be also structured as a national priority

and a tool for regional development.

NANGTEXNOLOGY 2014

Professor Stergios Logothetidis (AUTh)

Then Dr. S. Papalexiou, Ptolemeo SA, Greece pre-
sented the topic ‘Energy Storage extends PV Pene-
tration Limits’ and mentioned the milestones and the
present state of commercial and industrial scale PV.
She reported that June 2006 was the beginning of PV
era, in June 2010 the targets were set and in May
2013 the FiT collapsed. She referred also to the wind
energy and PV growth for 2012-2014, she compared
the energy production to energy consumption and
mentioned that the development of power storage
systems is very important. It was also referred that
the demand for energy was 8.5 GW in June 2008 and
that stochastic energy sources have their limits. She

emphasized that the demand consists of regulated
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production and stochastic production and the solution
is energy storage. She also mentioned that 99% of
the energy storage is performed by hydropower and
that there is also a reference project in lkaria. She
reported also that in the US the energy storage is-
sues are concerned as ‘Holy Grail' of RES usage.
She also referred to fuel cells and batteries and the
research in storage technology that takes place in
Greek research institutes, clever networks and the

importance of energy storage.

Dr. Sofia
Papalexiou,
Ptolemeo SA

Dr. H. Binder, BTC
Technologies GmbH

Afterwards, Dr. H. Binder, BTC Technologies GmbH,
Germany talked about ‘Global PV & Storage Tech-
nology—an Opportunity for Greece’.

He reported that energy storage solutions should be
existed with highly sophisticated decentralised sys-
tems and a combination of energy sources, such as
electricity and heat (heatandsteam) is very crucial. He
also mentioned that there is an energy mix in Greece:
oil, RES, natural gas, lignite and he emphasized that
the goal is intelligent storage systems. He also re-
ported that there is a proposal for Thessaloniki, many
applications for hydrogen and wind turbines and a
solar park could be made.

Then, Dr. P. Giannoules, g/t cons, Ludwigsbourg,

Germany gave a talk about the topic ‘Building the

New Industry: The case of Brazil’ and he men-
tioned that the landscape of the high-tech manufac-
turing comprises of several components. He empha-
sized that building a new technology requires a core
and of course know-how. He also mentioned the ef-
forts and actions that were taken by the Brazilian
Government to build a technology ecosystem and the
market response. Finally, he summarized the SIX
semiconductors technology, the scope of this factory
and the partners, R&D projects, manufacturing, mar-
keting and sales.

Subsequently, Dr. Stylianos G. Neophytides,
FORTH/ICE-HT, Greece talked about ‘Regenerative
PEM Fuel Cells’ and mentioned that fuel cells and
hydrogen are the means for sustainable energy pro-
duction and hydrogen economy. He emphasized the
importance of electrolysis storage and electrochemi-
cal oxidation of hydrogen PEM and made a sort de-
scription of MEA and the development of new nanos-
tructured electrodes. He reported also that the used
materials have been patented from the start up com-
pany Advent and gave some examples about financ-
ing support. Finally, he mentioned the importance of

the collaboration with the Advent Company.

Dr. Stylianos G.
Neophytides,
FORTH/ICE-HT

Dr. P. Giannoules,

g/t cons

The next speaker was Prof. K. Gus Kousoulas, Asso-
ciated Vice Cancellor Louisiana State University,



USA, who described the topic ‘Strategic Economic
Development Plan in Louisiana State’ and said that
it is an energy rich state and multiple initiatives have
been involved. He reported that material science is a
very important sector and science technology engi-
neering could provide 5.000 to 10.000 positions for
engineers. He descripted also the actions of LSU,
their energy policy, performed a mapping of colleges
and schools of local areas and mentioned that LSU
focal research areas focuses on STEM and material
sciences and that is important to find ways to convert
gus into liquefied gus. Finally, he gave some exam-
ples of success stories of the Louisiana State.

Last but not least, was Mrs. T. Makrantonaki, Vice
Governor of Central Macedonia, who talked about
‘The Proposal of Smart Specialization from the
Region of Central Macedonia’ and referred to the
smart specialization strategy. She emphasized on
setting the smart specialization strategy and men-
tioned the main goals of their plan. She reported that
Thessaloniki could be an Innovation Hub in the next
decade and that the selection of sectors is hard. The
main criteria for selecting fields of regional interest
are very crucial and the champion sectors are tour-
ism, agrofood, textile industry and clothing. She men-
tioned also that innovation comes when two different
disciplines meet and referred to the Alexander inno-
vation zone, NOESIS, CERTH, AUTh, Technopolis
and the two incubators that exist in Thessaloniki.

Prof. K. Gus

Kousoulas, LSU

Mrs. T. Makran-
tonaki, Central

Macedonia

After the presentations, conversation, discussion and
comments from the participants followed. Mr K.
Parthenopoulos General Director of Ministry for Ma-
cedonia & Thrace, representing the minister of Mace-
donia and Thrace Mr. Georgios Orfanos said that he
is very glad to take part in the meeting and thanked
everybody. He mentioned that new technologies and
industries are very crucial and that this effort must be
promoted to reach its goals, that ESPA has a strate-
gic role in supporting new companies and creation of
new jobs and finally that attention is focused on the

future activities.

Moments from the discussion

Dr. Kyriakos Loufakis, president and CEO of
“"Loufakis Chemicals SA" and president of the Export-
ers' Association of Northern Greece (SEBE) strongly
believes that innovation means exploitation and that
innovation can help us to export more and get out of
this difficult situation. He emphasized that critical

mass plays a very important role in order to be really



successful and innovative. He suggested to follow
Louisiana’s strategy and to go from lab to production.
He also commented that US is successful because of
various means of funding. He also mentioned that we
need funding and investors and that the Greek prob-
lem is a European problem. Europe needs the south
and we have to create and distribute jobs and make
entrepreneurs zones.

In the end of the meeting Prof. S. Logothetidis men-
tioned that we need in Greece priorities and specific

targets for the next coming years, and then thanked
everybody for their time and for participating in the
event. After the meeting a dinner was given to all par-

ticipants.

AéoTroiva ApBavitn
QwrtevA MNatrré
®oimATpieg ANMME N&N

4. AIATPIBH TOY AMNMZ N&N
“Avartrtuén kai Xapaktnpiopog Opyavikwyv YAIKwy yia EQappoyn og Opyavikda
HAekTpovika”

Ta TeAeutaia xpovia €xel TTpayuartotroindei afioon-
MeiwTN TTPpdod0og oTnV avAaTITUEN NAEKTPOVIKWYVY OIOTA-
Eewv Baciopévwyv o€ opyavikoug NUIAywyoug, ME
OTOXO TNV KATOOKEUN KAIVOTOPWY EQAPUOYWY, OTTWG
EUKAUTITEG OPYOVIKEG 0B0vVeEG eKTTOUTING  QWTOG
(OLEDs), aioBntrpeg Kal véag yevidg ouoTAUATA TOU-
Totroinong padioocuxvoTAtwy (RFIDs). H onuavTiki
BeAtiwon Twv 1I010TATWY TWV OPYAVIKWY NHIAYWYWV
0€ ouVOUAOHO e TN duvaToTNTA AVATITUENG TOUG Mé-
ow 61adIKaoIWV XaunAoU KOOTOUG Kal eupeiag KAipa-
KAg, OTTWG €ival O TEXVIKEG EKTUTTWONG, £dwoav won-
on otn dnuioupyia pia avaduduevng ayopds, auThg
Twv Opyavikwv HAekTpovikwy. EIdIkOTEPQ, Ta Opyavi-
K& Tpavgiotop emidpaong Trediou (Organic Field-
Effect Transistors, OFETs) €xouv yivel avTikeiyevo
EKTETAPEVNG €pEuvag AOYW TNG TTPOOTITIKAG TOUG yia
Xpon o€ €QApPoOyEG OTITIKAG atrelkoviong (display
technology), kKaBwg Kal o€ TTPWTOTUTIEG BIATALEIS -
AEKTPOVIKWV KUKAWUATWY, OTTWG gival Ta TTAACTIKA
NAEKTPOVIKG (plastic electronics).

OuolooTikd, 10 Tpavgiotop eival €vag NAEKTPOVIKOG
OIaKOTITNG e TNV KatdoTaon “on” kai “off “ va dia-

Mop@wveTal avaloya Pe TNV epapuolouevn Taon oTnv

TOAN Tou. Ze avtiBeon pe Ta MOSFETs ota otoia
onuioupyeital pia Cwvn avaoTpoPnig (inversion layer)
Kata Tn Asitoupyia Toug, Ta OFET TutmKé Acitoupyouv
TNV KataoTaon cucowpeuong (accumulation). H BO¢-
HeAwdNG apxn Asitoupyiag evdég OFET apXITEKTOVIKNG
bottom-gate/top-contact (BG/TC) ameikovi(etal oTO
xApa 1. Otav epapudletal pia 1aon Ve O0TO nAek-
TPOSIO TNG TTUANG, QopEic @opTiou (avTiBeTou TTPOOH-
Mou atd Tnv T1don mOAwong TnG TTUANG), eyxéovtal
atrd Ta NAEKTPOdIA TTNYRG/ATTaYWYOoU KAl CUCOWPEU-
ovtal oTn diem@Aveia nuiaywyou dINAEKTPIKOU UE a-
TTOTEAECUA VA OXNUATIOTEN €va aywyIhNo KavaAl. H e-
@apuoyn d10popag duVApIKOU Vps PETOEU TWV NAEK-
TPOdIWV TTNYNRSG-ATTAyWYOoU TTPOKAAEI POr| TWV QOPEWV
PopPTioU KATA PAKOG TNG DIETTIPAVEIAG, N OTTOI EKPPA-
CeTal wg pelpa Ips Kal T0TE Bewpouue OTI TO TpaAV(io-

TOp BpiokeTal oTnv KatdoTaon “on”.

(a)

Zxnua 1. Zxnuankn avamapdoraon tng douns twv OFET (a) n-

TUTTOoU Kai (B) p-TUTTOU O€ apxitekToviky BG/TC

10



2Tnv Tapouca O1dakTopiK SlaTpIfy avatTuxdnkav
KAl XOpakTnpioTnkav AETTTA UPEVIO OPYAVIKWY Kal O-
vopyavwy UAIKWV yia Tnv kataokeur) OFETs. H épeu-
va TTOU TTPAYUATOTTOINBNKE €0TIAOTNKE TOCO OTN OlE-
pelvVNON VEWV TEXVIKWY EvaTTOBEONG TOUu €vePyoU
OTPWHATOG TOU NUIaywyoU 600 Kal oTn BeATiwon Twv
HOPQOAOYIKWVY KAl DOMIKWY XAPOKTNPIOTIKWY TWV TTa-
payopevwy upeviwy. Q¢ evepyd UAIKA, XPNOIUOTTOIN-
Onkav Kupiwg dIaAUTOI OpyavIKOi NUIAywYoi p-TUTTOU,
omwg T10 TIPS-pentacene kai T10 diF-TES-
anthradithiophene, kaBwg¢ kai N-TUTTOU TTAPAYWYA TOU
napthalene-bisimide, 6mwg 10 NBI-4-n-BuPh. H épeu-
va TTpaypartoTToIndnke €€’ oAokArpou oto EpyacThpio
Aemrtwv Ypueviwv NavoouoTtnudtwy kal NavoueTpo-
Aoyiag (LTFN) Tou TuRuatog Puoikig Tou ApIoTOTE-
Agiou lMavemoTnuiou @cooalovikng pe emBAETTOVTA
Tov Kabnynm K. Z1. AoyoBeTidn, Aicubuvtr Tou AINMMZ
N&N.

2Ta TTPWTAPXIKA oTAdIO TG PEAETNG QUTAG £EETAOTNKE
n MeBodoAoyia avdTTuéng Kal TPOTTOTToINONG TWV
KPIOIJWVY OTPWHATWY TTPOKEINEVOU va KOaBOopPIoTEN TO
TTPWTOKOAAO KOTOOKEUNG Twv diataewv OFETs. Z1n
ouvéxela, peAeTnOnke n kataokeur] OFETs Bacioué-
vwv oT1o TIPS-Pentacene, XpnoIUOTIOOVTOG MIO [é-
Bodo avdamTuéng eupeciag KAiJakag, auth Tng Emmio-
Tpwong Aetmidag (blade-coating). MNa Tnv evatméBeon
TOU €vEPYOU OTPWHATOG OOKIHAOTNKAYV BUO BIAPOPETI-
KEG TTPOOEYYIOEIG, oI oTToieg oTnpifovTal OoTn XpPnon
TTOAUMEPIKWYV BINAEKTPIKWY UAIKWYV, TTPOKEIMEVOU VO
BeATiwOei n peoAoyikr cuuTTEPIPOPd Tou SIOAULOTOG
TOU NUIAywyou KAt TNV avaTrtugn. TNV TTPwWTn TreE-
pimrwon Onuioupyndnkav piypara TIPS-PEN kai
moAupegpoug (PS 1 PMMA) kai €€eTGOTNKE N €TTidpa-
On TwV dIOPOPETIKWY AVAAOYIWV TOUG 0T KPUOTAAAI-
Kl dIauOPPWON N OTToia AyETAl ATTO TOUG UNXAVICHO-
UG dlaxwpiopou @aong (EZxAMa 3). OTrwg TTpoékuye
atrd T0 OOMIKO Kal JOPPOAOYIKO XAPAKTAPIOHO TwV
upeviwy, n BEATIOTN avaloyia (0.5:0.5) odriynoe oto

OXNUATIOUO TTOIOTIKOTEPWY KPUOTAAAIKWY dOMWY, YE-

YOVOG TTOU OXETICeTal HME TNV €CAIPETIKI NAEKTPIKN
OuUMTTEPIPOPA TWV TTapayopevwy OFETS, e eukivn-
oia gopéwv goptiou éwg 0.47 cm?/Vs (ZxAMa 3).

Blade-coating of TIPS-PEN:polymer blend WP Phase separation in the liquid film  mmp Crystallization

Wet Film

TIPS-PEN

2y " .y s

ZxAua 2. Ta orddia oxnuartiouoU Twv KoUOTAAAIKWV UUEVIWY KaTd

nv avamruén Twv dlaAupdrwy piyuarog TIPS-PEN:ToAuugpous

TIPS-PEN:PS TIPS-PEN:PMMA
(@) 0.5:0.5 v) 0.5:0.5

ar V=40V i - V=40V
1E-6 \ 1E-6
_1ET \ _1ET
< < !
o

1E8 '.[

p=047 cm'NVs ¥=029 cm’Vs |

V=31V

1E-10 b V=49V

lon/loff= 4.2:10° lon/loff=2.1x10°  * %

1E-11

40 30 20 A0 0 10 40 30 20 40 0 10
vV, (V) vV, (V)

V =-40V
——V,=-30V| V=40V
-V =-20V| \ ——V, =30V
——V,=-10V|

o 40 -30 -20 -10 0
v, (V) v, (V)

ZxApa 3. XapakTnpIioTIKES KAUTTUAES UETAPOPAC KAl Of AVTIOTOIXES
KautruAeg €€o6dou twv uiyuarwv TIPS-PEN:PS (a, B) kai TIPS-
PEN:PMMA

2Tn SeUTEPN TTEPITITWON TNG EvOTNTAG QUTAG dIEPEU-
VABNKE n XpAon Twv Tapatdvw TToAupepwy (PS,
PMMA) wg¢ evdiauéowv BondnTiKwy OTPWUATWY JE-
TagU TOU NUIaYWYOU KAl TOU HOVWTIKOU OTpwHaToG. H
evépyela auTr) BeATiwoe onuavtika TNV TPOoPUON TOU
nuiaywyou O0TO POVWTIKO OTPWHA Tou o&eldiou, avTi-
MeTwTTICOVTAG aTToTEAECUATIKA TO TTPORAAMaTa dIaB-
poxns Adyw Tou xaunAou 1§Ewdoug Tou dlaAluatog. To
ONMAVTIKOTEPO, IOWG, KOPUATI OTNV TTApoUca HEAETN
agopd Tnv e€mvonon HIag Kaivotouou pebodou (“un-
I00TPOTIN €CATHION BIAAUTN”) ETTIAEKTIKNG KPUOTAAAO-
mroinong Tou TIPS-PEN, cUp@wva e Tnv oTToia €TTI-
TEUXONKE O €mMBUUNTOGC OPOAEOVIKOG TTPOCAVATOAIC-
MOG TwV KPUOTAAAWY, KaBwG Kal uWnAr] odolopop@ia
O€ MOKPOOKOTTIKA KAipaka (ZxApa 4). O diatdgelg

OFETs mou Trpoékuyav atrdé 1o GUVOUACTHO TwV TTa-
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PATTAVW TTAPAUETPWY EUQPAVICAV UWNAEG TIMEG EUKI-
vnoiag gopéwv @optiou ¢ Tédéng Twv 0.52 +0.11
cm?/Vs, XaunAf Tdon kaTw@Aiou Kai AOyoug Peupd-
Twv >10* (ZxAua 5). AiCel va avapepBsi 6TI N €100-
YWy Twv eVOIGUECWY TTOAUMEPIKWY OTPWHATWY OTA
Tapayopeva OFETs odAynoe o€ evioxuon TnG oTabe-
POTNTAG TWV dIATALEWY, TOOO O€ NAEKTPIKA KATATTO-
vnon, 600 Kal o€ TTAPATETANEVN TTAPAUOV € OUVON-
KEG ATHOOPAIPAG, YEYOVOG TO OTTOI0 OXETICETAI PE TN
MEIWON TWV EVTOTTIOUEVWY KATAOTACEWV TTayidwv
QopTiou oTn dIETTIPAVEIA 0&EIdioU-NIaywyou.

(@)

Pre-heating the substrates of

ﬂ —

_Slit
‘ P

.

(

Solver
—— Convective Flow

Crystal Growth Direction
P

Zxnua 4. (a) Zxnuatikn avamapdoracn Twv oradiwv avamruéng
Twv KpuoTaAIkwv upueviwv TIPS-PEN péow blade-coating kai
‘un-1061porrng e€aruions 61aAuTn”.(B) Zxnuartikn avarmapdaracn
NG OUUTTEPIPOPAC €EATLIONS TOU OIaAUTH OTav TO UYPO UMEVIO
apnverai va géaruioTei (a) eAsuBepa Kai (B) ue “un-1o61poTn £EAT-
wion éiaAurn” (C. Pitsalidis et al., RSC Advances, 2014,4, 20804-
20813)

(@ 06— oom (b} .80,
TIPS-PEN /PS

V,=0to 40V
v =10V

-40 -30 -20 -10 0 10 o -40 -30 -20 10 0
v, (V) @ v, (V)

TIPS-PEN | PMMA

V=0 to 40V
v =10V

- -40 -30 -20 <10 0 10 o -40 -30 -20 10 0
v, (V) v, (V)

Zxnua 5. XapaktnpioTikES ETapopds kai eE6dou Twv TIPS-PEN
OFETs yia ta d1apopeTikG fonbnTtika moAuuepikd otpwuara: PS
(a, B), PMMA

AkoAoUBwg, €€eTdoTNKE N @apuoyr TG ueBddou n-

AEKTPOOTATIKAG €vaTIOBEONG VYIa TNV KATOOKEUN p-

TUTTou OFETs OI0QOpETIKWY apXITEKTOVIKWY, BAcIo-
pMévwyv oT1o TIPS-PEN kai oto diF-TES-ADT. EidIko-
TEPA, MEAETAONKAV dUO BIAPOPETIKES KATACTACEIG AEI-
TOoUpYiag TNG TEXVIKAG, AUTA TOU NAEKTPOOCTATIKOU Ye-
Kaouou (electrospray deposition, ESD), kabwg kai
auTn Mg
(electrospinning deposition). Kard 1n diadikacia Tou

NAEKTPOOTATIKAG IvoTToinoNng
NAEKTPOCTATIKOU WeKAOUOU BeATIOTOTTOIRONKAV Ol
TTOPAUETPOI AVATITUENG TWV TTAPAYOPEVWY OTAYOVI-
OiwVv TwV EVEPYWV UAIKWYV O€ DIAPOPETIKA UTTOOTPW-
paTa (SiO,, Glass, PEN). Méow Tng TTapoucag TEXVI-
KAG TTpoékuyav dIaTdgelg UWNARG €UKIVNOIag OTTWY,
éwc 0.62 cm?/Vs, 0e AKAUTITA UTTOOTPWUOTA, VW N
eQapuoyn TG o€ eUKAUTTa QUANa PEN édwoe TiIuég

gukivnoiog éwg 0.12 cm?/Vs.

Micro-dripping mode stages
e U
H
.

Crystalline domains
N

lw

o AV----

Hanging drop @
°
Droplets o

Collector’s movement —

B

diF-TES-ADT

TIPS-PEN

cPVP " B
< or

Glass

Zxnua 6. (a) Zxnuarikn avarmrapdoracn 1nNg Asiroupyiag g UeOo-
oou ESD kai sikova ¢ didraéng mou xpnaiuormoinénke. (B) Zxn-
HaTIKA atreIkovion TNG Gouns Twv Baciouévwy o€ dIaAUTA akévia
OFETs, ra orroia KaTaoKeudoTnKav UEow tNG TeEXVIKNG ESD

H Aeiroupyia TnG NAEKTPOOTATIKAG IVOTTOINONG XPNOI-
MoTTOINONKE yia TN dnuioupyia evog BondnTikoU TTAEY-
MaTog TToAUpEPIKWY Vv (PVA), JE aTmwTeEPO GTOXO
TOV €AEYXO TNG KPUOTOAAIKAG poppoloyiag Tou TIPS-
PEN o6tav autd avamTuooEeTal JE CUPPBATIKES TEXVIKEG,
OTTwG n blade-coating 1 n TTEPIOTPOPIKY evaTTOOEDN
(spin-coating). Mpayuarti, TTapatneERdnke agloonueiw-
N PBeATiwWON TWV HOPPOAOYIKWV XAPAKTNPIOTIKWY,

IDI0ITEPA OTNV TTEPITITWON TNG Spin-coating OTToU €-
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vioXUBnKke dpauaTtikd N OOUIKA TAEN Twv upeviwy. Au-
16 emBePAIWONKE ATTO TN PEYIOTN TIMA EUKIVNOIag TTOU
emTexOnke (0.11 cm?/Vs) kal ammoTeAEl pia ATTé TIC
MeYaAUTEPEG TTOU €XEl avapepBei aTn BiIBAIoypagia yia
TIPS-PEN OFETs ammo 1eXviIKr spin-coating.

T

Bladle-Coating

oR T l
N

-\ = w
S

Spin-Coating

Zxnua 7. >xnuartiky avamrapdaoracn tng diadikaoiag evamobeons
Tou TIPS-PEN péow ouuBatikwv TEXVIKWV ETAVW OE TTPOKATAC-
KEUQOUEVO UEOW NAEKTPOOTATIKNG IVOTTOINONS TTOAULIEPIKO TTAEyua
armrd 1o LBioarroikodouioluo UAiké PVA, mpokeiuévou va Agitoupyii-
ogl wW¢ “UnTpa” yia tnv eAsyxouevn avamruén Tou opyavikou nuia-
ywyou

TENOG, e@apudOTNKE N TEXVIKN) Zone-Casting yia tnv
kataokeur) n-tuttou OFETs uwnAAg ammdédoong Kai
oT1aBepdTnTOG, Baciouévwy oTo NBI-4-n-BuPh. H Tex-
VIKI) auTtr} odrjynoe atn dnuioupyia TTPOCavVATOAIOUE-
VWV KPUOTAAAIKWY dOpwV Tou nuiaywyou. O ouvdu-
QOMOG  TNG  yewpeTpiag  bottom-contact/top-gate
(BC/TG), 1ng xprong tou Parylene-C w¢g povwTikou
OTPWHATOG KAl TNG UWNAARG TToI6TNTAG KPUOTAAAWV
TTOU TTPOEKUYavV atrd TNV TEXVIKA aAuTtrhy odriynoe o€
oT00ePEG BIATALEIG N-TUTTOU PE EUKIVNOIEG NAEKTPOVI-

WV atro TIG UPNAOTEPEG TTOU £XOUV avoPEPOEI.

Solution supplied
through stationary
nozzle

Moving
substrate

Meniscus

Aligned layer

Parylene-C

NBI-4-n-BuPh

Glass

ZxnMa 8. Zxnuarikn avarmrapdoTacn 1Ne TEXVIKAS zone casting Kai

ooun Twv diaraéewv OFET moU KQTaoOKEUAoTNKAV

ZUNTTEPOOUATIKG, HEOw TNG Trapouaag dlaTpIBAS
TIPOYHOTOTIOINBNKE N KOTAOKEUR AEITOUPYIKWY dlaTd-
&ewv OFETs uwnAAg atmdédoong Pe Xpron uypwy Tex-
VIKWYV, Ol OTToieG TTPOCaPUOCTNKAY KATAAANAQ WOTE
va emTeUXOei N BEATIOTN KPUGTAAAIKR) jop®oAoyia Tou
NUIAYWYIKIOU CTPWHATOG. Ta aTToTEAECUATA TTOU TTPO-
EKUYav avapéveTal va dwaoouv onuavTikg wbnon yia
TEPAITEPW BIEPEUVNON CUVAPWY OPYAVIKWYV NUIoYW-
YIHWV EVWOEWY, KaBWwg kal d1adIkaoIiwy avatTugng

TOUG.

XapaAhaptrog MitoaAidng
Aidaktopag EpyaoTtnpiou LTFN
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4. AINAQMATIKEZ EPIrAZIEZ TQN AMNO®OITQN TOY ANMZ N&N

C___ ©

- AvaTtrTugn Kal XapakTnpionog Tou uBpidikou uAikou ZnO:PVP Kail n epappuoyn
TOU WG OTPWHA METAPOPAG NAEKTpoviwy og Gravure printed aveoTpapuévn
Opvaviki PwTtoBoATaikn doun

7

O Ttopéag Twv Opyavikwv PwToBoATAIKWY €ival Ta-
XEWG AVATITUOOOPEVOG 0 OAO TOV KOOHO KI QUTO YIATi
UTTApxEl N duvaTtdTNTa TTAPAYWYNG EAAPPIWY, EUKA-
TITWV NAIOKWVY KUWPEAWY O€ XaunAf Bepuokpaaia, e
XOUNAG KOOTOG KAl o€ Padikh TTapaywyn. Autd eTi-
TUYXAveTal e TN Xprion UAIKWY XaunAoU KOOTOUG Kal
ME TEXVIKEG ypriyopns avamtuéng otmwg n roll-to-roll
(R2R). QoTtéo0, oe avtiBeon pe 10 TTUPITIO 1 GAAOUG
avopyavoug nuiaywyoug (mr.x. CdTe, CIGS) mou a-
vaTrTUooovTal PE TEXVIKEG KeEvOU, N avdamTuén Twv
OPVs TtrepITAékeTal Q1T TNV QTTAITNON TTOU UTTAPXEI
yia TTOMATTAG UAIKG Kal OTPpWUATA Ta OTToia Xpelade-
Tal va evowpatwBouv waTe va AEITOUpPYNOEl N GwTo-
BoAtaikr kuwéAn. ‘ETol, og oUykpion ME TIG TEXVIKES
Kevou, pia diadikaoia 0TTwg n R2R TTapouaidlel TToAU
TEPIOCOTEPEG DUOKOAIEG, OTTWG YIO TTAPAdEIyUa N OI-
appoxn Twv UAIKWV TTdvw OTA UTTOCTPWHATO Kal O
€Aeyx0G TNG auté-opydvwong Twy popiwv. Ta aveo-
Tpappéva Opyavikd PwToBoATaikd (OPVs), Ta otroia
MTTOPOUV VA TTOPACKEUAOTOUV €COAOKANPOU HE TEXVI-
Ké¢ R2R, atmmoteAolv pia mlavr) Auon yia Tnv Tapa-
ywyn avraywvioTikwy OPVSs.

Apxikd, TTepiypdeetal n Sladikacia avaTmTuéng Twv

Inverted architecture
@ Silver
PEDOT:PSS

P3HT:PCBM

Glass or PET

T

Light

Eikéva 1. Apxitektovikn) doun aveaTpauuévng ewrofBoAraikng oid-
raéng (OPV)

ZnO NPs kal xapakTtnpi¢etal n dour Toug ue XRD, Kal
RAMAN, OTTWG Kal O OTITIKEG TOUG IDIOTNTEG HE POO-

HOTOOKOTTIKY) EAAEIYOUETPIOAL.
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Eikéva 1. ®doua XRD kai o1 avTioToiXeS KOPUQES TTEPIBAaoNS yia
Ta d1Gpopa kKpuaTaAdika emimeda Twv ZnO NPs

(001)

polar plane

(70" or O%)
“eale
®
~9.° Eikova 2. Movadiaia kuyelida
(0i0) ® PIRE ZnO(Bouptitng)
i R
("oxide™) D—L‘
e

Apéowg petd, £yive TTpooBnkn Tou PVP wg capping
agent o€ SIAQPOPEG CUYKEVTPWOEIG, OTTOU OXNuaTio-
TNKav AeTTTé upévia pe Spin-coating kal JEAETABNKE TO

TAX0G, N HOPPOAOYia Kal N avTioTaor] TOUG.
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@ f Kpvotailikd
% T'ovia eminedo
20°
. 31.68 100
5 E 34.33 002
. 36.08 101
) 47.35 102
8 56.65 110
) 62.81 103
2uykpivovTtag Tnv €IkOva 5(B). ue Tnv - eikéva 6. @ai-
® 2 g VETAI N TTAPOUCIa TWV vavOoowHaTIdiwy 0Tn JARTPA TOU
5 PVP. ETiong, otnv eikéva 5(B). ymropouue va doupe
R OIAKPITEG OQPAIPIKEG DOUEG, YEYOVOG TTOU ONUAIVEI TTWG
It TA VOVOOWHATIOIO £Xouv KOAU@OEi atrd TO TTOAUUEPES
’ XWPIG va UTTApXEl KOPEGHOG TOU UMEVioU aTTd TO TTO-
) AupEPEG.

Eikova 3. AFM diaordoswy 10x10 um yia (a) ZnO+2,3%Wt PVP
(B) ZnO+50%Wt PVP

5
am

Height

am

Eikova 6. AFM diaordocwv 2.5x2.5 um amré uvuévio PVP

—= T ZnO(r Vokme) layer Zn0-PVR —=—RMS. 55 um 350

—u— Pask-io-Peak 55 um

2

5
s
g

8

um

Zr0%)
B

Rool mean square (nm)
Peak- to- Peak (nm)

Height

2
12
—~
=}

PVP(% W) PVP (WiSh)

2,0
10

= T e Bro B
7 Roughnassim) layer Zn0Voids

®_Specific Resistance ZnO/PVP.

um
6
am
Thicknessinmi
a & & & s & & 3

P em]

1,0

0,5

°

0 05 1,0 15 20 25
um

Eikéva 5. AFM diaotaoswv (a) 10x10 um kai (B) 2.5x2.5 um yia

ZnO+70%Wt PVP Eikéva 7. Aiaypduuara (a) ouykévipwong twv ZnO NPs, (B) toa-
xutntag kai pé€yioTns UWONETPIKAS d1apopdg, (y) mayoug kai (O)
&10IkNG avriotaons Twv upeviwv ZnO:PVP yia didpopes mooorn-
Te¢(%Wt) PVP oTo apxiko didAuua.
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o [0 pIKpEG TTOOOGTNTEG PVP: TO TTdX0G TOU upeviou
augavoTtav, eV N EMEAVEIOKN TPAXUTNTA €UEVE
oxedbv oTabBepn Kal N augnon TnG EMQAVEIOKNG
avtiotaong Artav uikp. Ta TTapokdtw Oeixvouv
TTwG 6Ao Kkal TTepIocdTeEPpa NPS, Ta OTToia €ixav Ka-
Au@OBei pe To PVP, TeAIK& cupueTeixav oTo oxnua-
TIOPO TOU UpEevIoU.

e [a moooTNTEG PVP 50% Wt KOl TTavw: TO UPEVIO
ouveyicel va augavel To TTAX0G Tou aAAG apyicel va
MEIWVETAI N TPAXUTNTA TOU KAl VA AUSAVEl TTIO YpI-
yopa n ETTIPAVEIAKA avTioTaOor Tou. Ta vavoowa-
Tidla é€xouv KaAu@Bei kal apyiel va TTANPWVETAl O

EVOIANETOG XWPOG TOUG E TTOAUMEPEG.

21n ouvéxela, €yive emmiotpwon ae PET/ITO yia 10 oxn-
MaTIONG  nAekTpodiou Tng ME  avaloyia ZnO:PVP
(70%Wt% PVP), ouykévipwon OloAupatog (5mg/ml)
Kal TaxutnTta ektuttwong (18m/min). ‘ETol, peAetTiOnke
n €midpaon g BepMIKNG avoTTnong yia xpoévoug 30,
60 ka1 90 deuTepdAeTTa Kal Beppokpaacieg 80, 100, 120
kar 140°C.

Height

nm

80 100 120 140 160 180

Eikéva 8. AFM
o1a0TA0EWV
30x30um yia

Bepuikn avorr-
THON Upeviou

6

40

0|

0 5 10 15 20 25 30 GTOUg
b (a)140°C yia
Helght i 90sec Kai
& (B)120°C yia
(B)g 30sec

30 40 ) 60 70
nm

10 20

0]

Z,,, (nm}

Annealing Time (sec.)

i d
Y I B

Annealing Time (se.)

E)

Annealing Time (sec.)

Eikéva 9. Aiaypduuara (a) mdyxous (B) BaBoug mopwv(y) avaroyi-
ag BdaBoug Topwv PO TTaX0S Kai (O) €1dIKNS avTioTaons Twv UUE-
viwv ZnO:PVP yia diapopes Bepuokpaaiss avomrnons

ATTé Ta aTTOTEAEOUATA TTPOEKUYE TTWIG :

e H avomrTnon TTPOoKaAEi TTOPOUG OTO UAIKO AdGyw
TNG UBPOPIAIKOTNTAG TOU KAl TOU WIKPoU Tou TTé-
XOUG.

e [0 Bepuokpacics pIKPOTEPES Twv 120 °C TTOpa-
Mével DIOAUTNG PETA OTO UMEVIO.

e T Begppokpaacia 120°C yia 30 deutepOAETITA TO
UMEVIO €iXe TN KAAUTEPN Pop@OoAoyia Kal TO JIKPO-
TEPO BABOG TTOpwWV TTOU ATAV POAIG TO 21% Tou
OUVOAIKOU BABoug, v OUVOAIKG TO NAEKTPOBIO
EUPAVICE TN PIKPOTEPN QVTIOTOON OE OXEON ME TA

uttoAoITTa.

Metd TNV €TTIOTPWON TOU QWTOEVEPYOU OTPWHATOG HE
Gravure printing mavw oTo upévio ZnO:PVP £yive Ka-
TEpyacia TG emM@AveIdg Tou Pe TTAGopa oguyovou
woTe va yivel duvarr n ekTuttwon tou PEDOT:PSS
w¢ HTL.

* 30 Watt

*|  PlasmaTreatment
*30 sec

Eikéva 10. Eikéva AFM diaoctdoswv 30x30um (a) mpiv TNV Katep-
yaoia kai (B) uerd v karepyaacia g emedveiag rou P3HT:PCBM
ue mAdoua oéuydvou
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Plasma Treatment
* 30 Watt
*30 sec

Photan energy (eV) Photan energy (sV)

Eikéva 11. Yeudo-dinAektpikéc ouvaprnoeis Tou P3HT:PCBM (a)

TPIV TNV KaTepyaaia e mAdoua oéuyovou, (B) uerd t karepyacia

ue mAdoua oéuydvou, Kai ol oUlEUyEVES KAaTAOTAOEIS TwV EITO-
Viwv UE Ta wvovia(wz, ws)

T T T

400 | P3HT — untreated
0, plasma treated

350 | /

=< 300

3 |

= 250 ’ PCBM

2 \

2 | ‘

s 200 l \

£ 1
150 -\q J A
aof JM‘VW

“\(‘ ) A

s VA YA

5 10 15
2Theta (degrees)

Eikéva 12. Aiaypauua mepibAaons akrivwv-X(XRD) tou uueviou
P3HT:PCBM, mpiv(umAe) kai uerd(kitpivo) tnv karepyacia mg
EMmMIQpaveiag Tou e mAdoua oéuydvou

o H uywnAn 10XUg Kal O EKTETOUEVOG XPOVOG KATEPYO-
0iag TNG ETTIPAVEIAG TOU PWTOEVEPYOU CTPWHATOG
aANOIWOE APKETA TNV ETTIQAVEIA KAl TNV KPUOTAAAI-
kétTNTa TOU P3HT.

o Metd TnVv eme€epyaaia ToU QWTOEVEPYOU OTPWHA-
TOG fTav duvarr] n ektutrwon Tou PEDOT:PSS kal
O OXNUATIOYOG TOU  OTPWHOATOG  UETAPOPAG
OTTWV(HTL).

‘Emrerra, mévw até 1o PEDOT:PSS evatroTédnke uué-
vio Ag Trayxoug 100 nm pe BepuIkn €€axvwan, aroTe-
AwvTag TNV dvodo NG QwTOROATAIKAG SOUNAG, ME €-
vepyd euBadsd 0.9 cm®. ZUUQWVA PE TA ATTOTEAETUATA
TWV NAEKTPIKWY PETPACEWY, N AgIToupyia TOU QwTO-
BoATaikoU aveoTpd@n aAAd n ardédocn Tou WTOROA-
TaIKOU ATV apKeTA utToRabuiopévn. MNa 1o Adyo autd
EYIVE KOTEPYOQOIO TNG ETTIPAVEIAG TOU QWTOEVEPYOU
OTPWHATOG PE TTAACUa 0Euydvou XaunAdTepnG 1I0XU0G
Kal yia Aiyotepo xpdévo (10 Watt yia 20 sec kai Trieon
1,4 mbar).

N e ——— PlasmaTreatment

—— &, untreated

« untreated 14 . 30 Watt fa « plasma reated
*30 sec J |

Proton energy (V) Proton snsgy (¢¥)

Eikova 13. lMpayuarikh(e)kar avraoTiki(&) OINAEKTPIKN ouvapTn-
on tou P3HT:PCBM mpoiv (a) kai uetd (B) tnv Karepyaaia 1ng 1mi-
@aveiag Tou e mAdoua oéuydvou xaunAng 1IoxUuog

e ATO TIG BINAEKTPIKEG CUVAPTHOEIG TTAPATNPRONKE
TTWG Ol KOPUPEG TTOU AVTIOTOIXOUV OTIG GUEUYE-
VEC KATAOTACEIC €EITOVIOU KAl Qwvoviou £xouv
MIKPP METAROAN.

e H aAAoiwon Tng kpuoTaAAikdTNTAG Tou P3HT dev
NTAV EKTETAMEVN KOl WG ATTOTEAECUA N ETTIPAVEI-
aKIr KOTEPYATIQ TOU PWTOEVEPYOU OTPWHATOG OEV
NTavV KOTACTPETITIKA YIO TN A€ITOUPYiIA TOU AVEO-
TPAUMEVOU OPYaVIKOU QWTOROATAIKOU.

e HioxUg TOU TTAGOUATOG ATAV APKETH YIA TNV ETTI-
TUXA ekTUTTWON Tou PEDOT:PSS tmédvw ato Qw-
Toevepyd oTpwua. Map’ 6Aa autd, n ammédoon

Twv OPVs ATav apKeTd XAUNAn.

Map’ 6An Tn PeAtiwon, n amédoon TOU AVECTPOMME-
vou OPV Atav akéua utroBabuicpévn. ‘ETol, TTpoun-
Beutiikape £ToIgo eutropikd OIdAupa ZnO NPs Tng
Sigma-Aldrich. H avaTtuén twv 11 ué€poug OTpWHA-
TWV TOU QVECTPANMEVOU Opyavikou @QwToROATAIKOU

£YIVE OTIG iBIEG OUVONKEG e Ta TTPONYOoUUEVA.

—— After evaporation of Ag

—— Annealing 1min/130°C (N, atmo.)
Annealing 2min/130°C (N, atmo.)

40 A -

n

o
1

|

o

Current Density (mA/cm®)

—

-20

T T T T T T T T T T
-0.2 0.0 0.2 0.4 06 0.8 1.0

Voltage (V)

Eikova 14. XapaKTnpioTIKES KAUTTUAES |-V NAEKTPIKOU peUUATOS
Tou aveaTpaupévou OPV ue gwroBdAnon yia 6épuavaor) Tous o
adpavr) aruéoeaipa(N,) yia 1 kai 2 Aerrtd atoug 130°C
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1, Vo FF R, Ry PCE
(mA/cm?) (v) (%) | (Ohm-cm?) | (Ohm:em?) | (%)
After evaporation of Ag 8.45 03 32 27 47 0.76
Annealed 1min/140°C

(N, atmo.)
Annealed 2min/140°C
(N, atmo.)

11.23 04 31 25 53 1.38

8.52 0.23 30 24 33 0.59

lMivakag 1. AtroteAéouara NAEKTPIKWYV LUETPHOEWY TOU QVECTPAU-
uévou OPV xwpic Bépuavon kai ue Bépuavar Tou ae adpavr) ar-
uéoeaipa (No) yia 1 kai 2 Aerrrd otouc 130°C

ZnO(Sigma-
_ ZnO:PVP
Aldrich)
l'ovia enagng 16.7°£0.4° | 7.93°+0.23°
[Tayoc pmwtoevep-
, , 206 nm 110 nm
YOU GTPOUOTOG

lMivakag¢ 2. [wvia emaeng rou D-Water e ra uuévia Tou
ZnO(Sigma-Aldrich) kar Tou ZnO:PVP kai 10 mdxo¢ twv
PwTOoEVEPYWV OTPWUATWY(P3HT:PCBM) 1mou ekTummwbnkav
M€ gravure printing mdvw oTa avrioToixa uuévia

e H 1don avoiktol KukAwpaTog (Voc) €xel BeATiwOei
aAAG akéua gival XaunAdTepn atrd 1n diagopd Twv
HOMO kai LUMO Tou 861N (PCBM) Kkai Tou O€KTN
(P3HT).

o H mapdAAnAn avtiotaon (Ren) €ival pIKpR, yeyovog
TO OTT0i0 TTPOKOAET peUpa SlapPOAG TToU BEV PTAVEI
TTOTE 0€ KOPO.

e [lop’ 6Aa autd, yia Béppavon 1 AeTToU, OTOUG
140°C, og atydéoaipa N,, n amédoon Tou PwTo-
BoAtaikou (PCE) eivar 1.38% kai autd o@eileTal
o010 UYnAS pelpa BpaxukUukAwong (lsc) TTou eivai
11.23(mA/cm?).

e To mdaxog ToU QwToEVEPYOU OTPWHATOS Eival TTe-
pitrou 206nm.

e [a TG idlEC OUVBNKEG QVATITUENG QWTOEVEPYOU
OTPWHATOG, aAAG yia ETL, oto ZnO:PVP, TTapaTn-
POUUE TTWG TO TTAXOG TOU PWTOEVEPYOU OTPWHATOG
givar 110 nm.

e To HIKPS TTEXOG TOU PUITOEVEPYOU OTPWHATOG Eival
n o méavr aiTia yia TNV uttoRaBuiopévn amodo-

orn Tou aveoTpaupévou OPV pe ZnO:PVP.

MNa va dIEPEUVOOUE TNV aITia Tou PIKpOTEPOU TTAXO-
UG TOU PWTOEVEPYOU OTPWHATOG EyIVaV PETPAOEIS TNG
ywviag emaeng (CA) Twv upeviwv ZnO (Sigma-
Aldrich) kai Tou ZnO:PVP. EAéyxBnke kal dIATIOTW-
Onke TTwg 10 UpEvio ZnO:PVP gival adidAuto atmod 1o
O-DCB. O petpnoeig Tou CA éyivav pe Tn XpAon D-
Water kal Ta amroteAéoparta TapoucidlovTal TTapaka-
TW.

MNa ™ peiwon TG udpoIAikdTNTag Tou PVP Ba trpé-
el va yivel xprion kdarmoliou cross-linker, 6TTwg 10
N,N'-Methylenebisacrylamide (MBAmM). Me autd Tov
TPp6TTO B0 €ival dBUVATOG O OXNUATIONOG PWTOEVEPYOU
OTPWHATOG pEYaAUTepou TTaxous. ‘ETol, Ba augnBei n
amoédoon Tou opyavikoU @QwTOROATAIKOU ME TO

ZnO:PVP w¢g oTpwua HETAPOPAG NAEKTPOVIWV.

ATtréoToAOG lwakelyidng
Atrégoitog AINMMZ N&N

- Avatrtugn Aertwyv uvpeviwyv pe Inkjet printing yia Eukaptrra Opyavika
PwToBoATaAIKA

H TTapouca SITTAWMATIKA Epyacia TTIKEVTPWONKE 0TN
BeAtioTotroinon Tng dladikaciag eKTUTTWONG (ME We-
Kaoud peAavne-inkjet printing) AeTITwv upeviwv TTO-

AUpEPIKWY dIOAUPATWY, VIa EQAPUOYH OF EKTUTTWWE-

VEG E€UKQUTITEG OPYAVIKEG QWTOPROATAIKEG OIOTALEIG.
Ta ekTUTTWHEVA UPEVIO PEAETABNKaAV PE €va OUVOAO
TEXVIKWYV XAPAKTNPIOKWOU YIa va Yivel aTToTinon Twv

IDI0TATWY TOUG KAl CUVETTWG, va a&loAoynOei n duva-
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TOTNTO XPAONG TNG TEXVIKAG AUTHG OTNV KATOOKEUN
QwToBoATaikwyv. TMapdAAnAa, eKTUTTWONKAY @WTO-
BoATaikég dlaTdCeIc Kal agloAoyROnkav Ta NAEKTPIKA
XOPOKTNPIOTIKA TOUG.

O1 NAEKTPIKES 1IBIOTNTEG TWV OTITONAEKTPOVIKWV OIATA-
gewv emnpeddovtal atmd TIG TOTTIKEG PETABOAEG TpO-
XUTNTAG TwV UPEVIWY Toug. O1 dIATAEEIS TTOU QEPOUV
UMEVIA PE aVWHAAN TOTTOYPOQia ETTIPAVEIOG TTAPOU-
o1Ggouv TTpoBARPaTa oTn AsiToupyia Toug. H TEXVIKN
inkjet printing cival TexvikA evamtoBeong SIGAUUATWV.
TNV 1IDAVIKN TTEPITITWON, Ol OTAYOVEG OTO UTTOOTPW-
MO ETTIKOAUTITOVTQI METAEU TOUG KOl OTn OUVEXEIX
oXnNUaTiCouv CUVEXEIC YPAUMEG, Ol OTTOIEC UE TN OEIP&
TOUG CUVEVWVOVTAI TTPOG OXNUATIONO OUVEXOUG UME-
viou.

L N
L
L
00

v &

B

H ouotaon kai oI peoAoyIKES 1810TNTEG TOU BIaAUUa-

a

TOG, 01 IBI0TNTEG TWV UTTOOTPWHATWY Kal O TPOTTOG
¢npavong kaBopifouv TNV TEAIKN Hop@oAoyia Twv
EKTUTTWHEVWY Upeviwy. OTav aglohoyeital n cupTre-
PIPOPA Kal N AEITOUPYIKOTNTA £VOG SIGAUPATOG, EAEY-
XETal, KaTd KUPIO AGYO, N MOPQPOAOYiIa TWV EKTUTTW-
MEVWYV upeviwv. MNa autd, cival atrapaitntn n diepeU-
vNon TwV TTOPANETPWY OXNUOTIONOU upeviwy. Av
O&V TTPOKUTITOUV OHOAEG ETTIQAVEIEG UMEVIWY, TOTE TO
O1dAupa TTPETTEl va JETABANBEI.

ApXIKA, €yive diepelvnon TNnG £TTidpaong Tou OIaAU-
patog PEDOT:PSS (Hole Transport Layer-HTL) kai
TWV OUVONKWYV EKTUTTWONG OTN MOPPOAOYia Twv av-
TioToIXWV Upeviwy. H TTpocBAKn €TIpaveiodpaaTIKoU
oT1o diGAupa PEDOT:PSS yia tn BeAtiwon tng diaB-
POXNG 0dNynoe 0€ UWNAOTEPEG TIMEG ETTIQAVEIAKAG
TPaXUTNTOG TWV UMEVIWV KAl TO OXNUATIONO CUCOW-

MOTWUATWV.
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MapdAAnAa, uttdpxel pia BEATIOTN Bepuokpacia u-
TTOOTPWHATOG yia KABe oUOTNUA UTTOOTPWHATOG-
OI0AUPATOG yIa TRV OTToia emTUYXAVETAlI BeEATIWON
TNG TTOIOTNTAG EKTUTTWONG PECW TNG I00PPOTTIAG HE-
Tagu e¢arpiong S10AUTN Kal spreading, evw TAUTOX-
pPOVO PEIWVETAI N ETTIPAVEIOKA TPAXUTNTA TWV UUEVi-
wv.

H taxutnta ektommwong &ev emnpeddel onUavTika
TNV TOTTOYPAPIa TWV EKTUTTWHEVWY UMEVIWY. Znuav-
TIKGTEPN £TTIOPACN OTNV TTOIOTNTA TWV UMEVIWY £XOUV

10 quality factor kai To step size kal ge TNV KATOOKE-
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un BIBAIOBAKNG peETABANTWY TTOPAPETPWY UTTOPEI va
OlepeuvnBei, TTepaITépw, n ETMPPON TWV CUVBNKWY
EKTUTTWONG OTA EKTUTTWHEVA QVTIKEIUEVA.

Ooov agopd Tn AEITOUPYIKOTNTA TWV EKTUTTWHEVWY
upeviwv PEDOT:PSS, kataoKeudoTnkav avTioTOIXEG

PWTOPROATAIKEG BIATAEEIC O EUKAUTITA UTTOOTPWHO-

Ta.

- Light '
0

0.0 0.5 1.0
Voltage (V)

Current Density(mA/cm?)

H péyiotn amédoon Tng €UKAUTTNG dIATaENG ATAV
0.71%. H amdédoon Kal Ta NAEKTPIKA XOPAKTNPIOTIKA
TNG €UKAUTITNG OIATaENG BeATILWBNKAY Pe BeATiwon
TNG MOpPQOAOYiOG TOU  EKTUTTWHEVOU  UEVioU
PEDOT:PSS, kdm 10 OTr0i0 TTpOéKUWE ETTEITO ATTO
augnon Tou quality factor Tng ekTUTTWONG.

EmmAéov, TTpaydaTOTIOINBNKE UEAETN TWV HOPPOAO-
YIKWV IBI0TATWY TWV EKTUTTWHEVWY (O UTTOOTPWHO-
Ta PEDOT:PSS)

P3HT:PCBM ouvapTtrioel Tou tréxoug Toug. Maparn-

PWTOEVEPYWV UMEViwV
pNOnkKe OTI Ye augnaon Tou TTAXOUG N TOTTOYpPAPia TNG
ETMQEAVEIAG XOPAKTNPICETAI ATTO JEYAAUTEPN TPAXUTN-
Ta KAl QUTO aTrodideTal oTnv apyr EApavon Twy UME-

Viwv.

| rms:1.2nm

um

0 05 1.0 1.5 20 25 30 35 40 45

u
0 05 10 15 20 25 3.0 35 40 4550

g 1 ‘x 3 & 5 6 7
m
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0 05 10 15 20 25 30 35 40 4550 005 10 15 20 25 30 35 40 4550
um um

MapdAAnAa, uttdpyel Tdon cucowpeuong Tou P3HT
oTnVv KATW ETTIPAVEID TOU UMPEVIOU KATA ThV augnon
Tou TTéxoug Kal auénon Tou TTocooTou Tou PCBM
oTnv €m@Aaveia Tou upeviou. H aldénon Tou TTdyoug
TOU QwToEVEPYOU OTPWHATOG 0dNyEi 0TV EAATTWON
NG dlagopds Tou KAGouartog oykou tou PCBM kai
Tou P3HT oTnv mavw Kal KATW ETTIYAVEIA TOU UMEVI-
ou P3HT:PCBM.

80
-l %P3HT Top
.3 -0 %PCBM Top
70 | -@ %P3HT Bottom
-O- %PCBM Bottom
< 0. i
o .
~ 60 | LT
S .
§ 50 | < e ;::::8:;]8
w
] oo
3 Y -
o
> 30} ,
o
20 1 n 1 i 1 i 1 1
20 40 60 80 100
thickness(nm)
Avriyovn lNacmrdAn
Amopoitn ANTME N&N

- QaocparookoTria Raman kai Texvikég AFM yia Tnv Avixveuon BioAoyikwyv
Agiypatwy yia EykKAnuatoAoyikoug oKoTroug

H epapuoouévn EykAnpatoloyia €xel atmmoTeAéoel é-
vav atro Toug TTAEOV dUVAUIKA avaTITUOOOUEVOUG TO-
MEIC TNG avaAuTIKAG Xnueiag Ta TeAeutaia xpodvia. H
ouvaTtdTNTa XAPAKTNPICHOU - TautoTroinong Mioag Ay-

VWOoTNG KNAidag oTtov TOTTO €vOG EYKARUATOG, XWPIG

TNV QVOUOVI] TWV EPYAOTNPIOKWY aTTOTEAECUATWY,
gival €va TTOAU Kpioipo Brpa otnv TTPOodo TNG £YKAN-
patoAoyikng épeuvag (Eik.1). Katd tn didpkeia Tng
€gepelivnong Tou TOTTOU €vOG €YKAAWATOG, N avixveu-

on, N ouAoyn Kai n avadAuon Twyv OToIXEIWV aiaTog
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aTToTEAOUV [Ia 1IBI1QITEPA CNUAVTIKA TTNYAR TTANPo®opI-
wv. O1 KnNAideg aipaTog ptropoUlv va XpnoiuoTroinBouv
yia Tnv avdAuon tou Tpo®iA DNA Kai Tnv €TTaAnBguon
TNG TAUTOTNTAG £VOG UTTOTITOU 1] yIa TNV AvaTTapdoTa-

on €vOg €YKAAUOTOG.

Eik.1 Kard tnv eykAnuartoAoyikn e€spelvnon uiag OKnNVAS eyKAR-
HQATOC O EVTOTTIONOS Kal N avixveuan KNAIdwv Qiuarog armroreAsi uia

TTOAUTIUN TTNYN TTANPOYOPIWV

Mepikd BioAoyikd ixvn €ival ndn opatd oTov TOTTO TOU
EYKAAUATOG, €V KATTOIO GAAQ PTTOPOUV VO QVIXVEU-
Bouv pévo pe T XpAon €dIkou €¢oTTAIcuoU (Aavead-
vovta). Katd TTpoTignon o1 TEXVIKEG avixveuong — Tau-
TOTTOINONG TIPETTEl VA €ival PUN KATOOTPETITIKEG YIA TN
olatrpnon Tou dciyuatog. MNa Tapddeiypa, 600 Peya-
AOTepn TmoooTNTa DNA ptropei va ouAAexBei atmd éva
Ociypa 10600 Mo €UKOAN gival n e€aywyn evog TTARpo-
ug TTpo@iA DNA pe Tnv Xpron cupBaTiKwy PeBSdwY
aAAnAouxnong, evw TTapaAAnAa dlac@aAifeTal n 1Ta-
vaAnwIgoTNTaO KAl N €ykupdTNTa TnG €£&étaong OTO
TTAQiTI0 TNG DIKACTIKNG dIadIKATIOG.

O1 yéBodol TauToTTOINONG CWHATIKWY BIOAOYIKWY UY-
pPWV €XOUV AVOTITUXDEI EKTEVWG Ta TEAEUTaia xpovia,
AOyw TNG o1roudaidTNTAG TOUG OTNV 1ATPODIKACTIKI
Kal TNV eykAnuatoAloyia. TMoAAEG BIOQOPETIKEG TTpO-
oeyyioeig €xouv TTPoTaBEi, Kapia OpwG dev €XEl ATTO-
OeIxOei KATAAANAN oTNV KABNUEPIVA €YKANUATOAOYIKN)
TTPAKTIKN KABWG 01 TEXVIKEG QUTEG Eival KATOOTPETTTI-
KEG, XpovoRopeg, atmmaitolv TTIKivouva avTidpacTrpia

Kal €ival UTTOBETIKOU XapaKTipa, TTapEXouv dnAadh

Mia évoeign Tng @UOoEwWG Tou UTTO €E£TAON TTEIOTNPIOU
OAANG Bev €TMIKUPWYOUV TRV UTTOPEN OUYKEKPIPEVOU
ixvoug. MNapd 10 yeyovog OTI 01 £CETACEIC AQUTEG TTAPE-
XOUV Mia TTOAUTIUN KATeUBuvon oTnV €yKANUOTOAOYIKN)
£€peuva, ugioTaTal TTAvTa Pia avaykn aueong emmpepa-
iwong yia TNV TAUTOTTOINCN TNG PUOEWG TOU iXxvoug. H
ypriyopn, MN KOTOOTPETITIKA QUON TWV TEXVIKWV AU-
TWV Ba PTTOopOoUCE TBAVWG VA EQAPPOCTEI OTOV TOTTO
TOU EYKANUATOG, TTAPEXOVTOG CNUAVTIKEG TTANPOQPOPI-
€G yIa TNV TTEpAITEPW afloTToinon Twv KNAidwv aiga-
TOG.

210 TTAQiCI0 TNG TTapoucdag JITTAWMATIKAG £pyaoiag
MEAETABNKE N xprion Tng ®acuarookoTriag Raman kai
TNG aTTeIkoviong Ye AFM yia Tnv avixveuon - TQUTOTTO-
inon knAidwv aipaTtog TTou eARPBnoav atmmo €B6eAOVTEG
00TeC. EmmAfov, €€eTGOTNKE N dUvVATOTNTO E£QPAPO-
VNS TWV TEXVIKWY AUTWY OTOV TTPOCOIOPICHO TOU XPOo-
VOU €evaTtoBeonG knAidwv aipatog, TTPOKEINEVOU VO
eCaxbouv ouutrepAOUATA yia Tov XPOVo TPAUUATIO-
MoU ) BavATtou o€ pia EYKANUATIKY EVEPYEIQL.

2TO TTIPWTO OKEAOG TNG e€pyaciag, eAn@Onoav oTayo-
VEG QiPaATOG atrd OKTW SIAPOPETIKOUG BOTEG (4 AVTPES
— 4 yuvaikeg), o€ éva nAIKIOKO eUpog 25-40 eTwv, Xw-
Pic KATTOIO TTPOYEVEDTEPN ETTEEEPYOTIA, TTPOKEINEVOU
TO ATTOTEAECTUATA VA AVTITTPOOWTTEUOUV 600 TO duva-
TOV O PEAMIOTIKA TIG OUVOAKESG BIATTPAENG EVOG £Y-
KANMOTOG. 2T Ouvéxela, eAfebnoav T1a @AocpoTa
Raman Ttwv knAidwv ota 532nm. Ta atroteAéouarta
£deigav o1l To @dopa Raman kdBe deiyaTog TTepPIEXE!
TIG iBIEC ONUAVTIKEG KOPUPEG, Ol OTTOIEG E€ival CUYKEK-
PIMEVEG KAl QVTIOTOIXOUV OTn YvwaoTr) oUvBeon Tou
aipatog. MAAIOTa, O XAPOKTNPIOTIKEG AUTEG KOPUPEG
gival avegapTnTeG Tou QUAOU 1 TNG nAIKiag Tou &4TN,
atré Tov otroio mpoépxovtal (Eik.2). Ta deiypata pe-
AeTABNKav o€ TuRuaTa yudAivng QvTIKEINEVOQOPOU,
Ta otroia dev gixav Kapia ocuveloc@opd OTO GUVOAIKO
@Aopa oTnV UTTO €€€taon evepyelakr) Trepioxn (250 —
1750 cm-1).
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Raman Intensity (counts)

Eik.2 Aiopbwuéva, wg mpog 1n Bacikn ypauun, edouara Raman
KnAidwyv aiuarog amd 8 diapoperikoug d0T1eC. Eivar eupavns n U-
mapén OUYKEKPILEVWY KOPpUQWY O OAa ta @daouara. Or dIapopEés
aTnv éviaon Twv Qacudtwyv utrodnAwvouv OIaQOpPETIKA ETTiTTEda

oéuyovwaong Tou aiuarog

MNa v avixveuon — TauToTTOINCN KNAIdWY aipaTog e
TN BonBeia Tou AFM, oTaydveg aipatog armd €Behovtn
001N evaTroTéBNKaV O€ YUAAIVEG QVTIKEIMEVOPOPOUG
XWPIG Kapia TTepaitépw eTmeepyaacia Kal eEAETABNKaV
OMECOWG WETA TO OTEYVWHO 0€ OUVONKeS TTEPIBAANOV-
T0¢. Ta KUTTApa PE TO KOTA TTPOCEYYION MEYEBOG Kal
N MOPQr Twv €PUBPWYV algoa@aipiwy TTPOadIopioTN-
Kav Pe éva OTITIKO MIKPOOKOTTIO, evw To AFM xpnoi-
MOTTOINBNKE OTOV TPOTTO AEITOUPYIAg NUI-ETTAPNAG.

Me mn BorBeia TNG TPIOBIACTATNG OTTEIKOVIONG UE TO
AFM T1a xapaktnpIoTIKG £puBpd aiyoo@aipia avixveu-
Onkav (EIk.3-4), mmapéxoviag Tn duvatdtnta adliay-
QIoBATNTNG TOauTOTTOINONG TOU aipatog. H péBodog
QUTA TTAEOVEKTEI CUYKPITIKA PE QUTEG TTOU XPNOIUO-
TToI0UVTAlI OrUEPD KOBOTI TTPOCQPEPEI N KATACTPETTTI-
KA avixveuan €AdxI0TNG TTO0OTNTAG KNAIdWYV aipaTog,
o€ ouvOnkeg TTEPIBAAAOVTOG, XWPIG Kapia TTpoyevED-
TEPN emegepyaaia Tou Seiypatog. H poévn atraitnon
TNG TEXVIKAG QUTAG €ival n TTTTEdN ETMIPAVEIA TOU U-

TTOOTPWHATOG.

Eik.3 Tpiodidorarn eikéva armrd mepioxn] Tou deiyuarog (40X40um).

Me 10 BéAog umrodeikvueTal n 6€an evog epubpoU aioa@aipiou

Eik.4 Tpiodidorarn ameikovion XApakTnpioTIKoU £puBpou ailioo-

@aipiou pe 1o AFM

2NUavTIKA TTPooTTdBsia TTapaTnEeiTal Ta TEAEUTAIA
XPOVIO yIa TNV £CaKpiBwon Tou XpOvou TPAUUATICHOU
1 Bavdrtou atd TNV avaAuon knAidwv aipatog. Yrdp-
XOUV TTOAAEG KaBIEpwpEVES HEBODOI yIa TNV AviXVEUOT
KAl TNV TOUTOTTOINON TOou aipaTtog, OUwG, o TTPoadIo-
PIOCUOG TOUu XpOvou TéAeoNnG €vOG eyKANUATOG OTNV
IATPOBIKACTIKA TTAPAMEVEI AKOPA éva GAUTO {ATNUA.
Aldpopeg TTpooeyyioelg TTpoTddnkav, aAAG kapia dev
ATav KatdAAnAn yia epapuoyr oTn ouvhnin eykAnuao-
TOAOYIKA TTPAKTIKN, KUpiwg AOyw EAAEIYNG akpiBeiag
Kal €TTiOpaONG TTOAUTTOPAYOVTIKWY TTEPIBAAAOVTIKWV
ouvonkwv (uypaaoia, UYPOUETPO, BepUOKpaTia K.a.).

Ta ixvn Twv KNAidwv aipaTtog kai n aAAoiwaon Twv Bio-
Aoyikwv TTeIoTNPiwY dladpapaTiCouv £va OnUAvTIKO
pOAo oTnv EykAnuaToAoyia, kaBwg atrd Tnv KAtaAAn-
An aglotoinor Toug duvavtal va e€¢axbouv ouuTtre-
pPACUATA yIa TNV avaTTapdoTacn Kal Tov XpOvo TEAE-
oNG €vog eyKANPATOG. ATTO eyKANPATOAOYIKN &tTown,
MIa akpIBAG ekTipnon Tou xpovou diIdtmpagng evog y-
KAAUATOG ETITPETTEI TNV ETTOARBEUON TWV KATOBETEWY
TWV PapTipwy, TTEPIOPIZEl TOV apIBUd TWV UTTOTITWV

Kal agloAoyei Ta GAA0BI auTtwyv. O1 TTANPOYOpPIEG TToU
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AauBdvovtal uttopolv va Pondricouv 6x1 uévo oTov
TTPOGdI0PIoHS TOU UTTOTITOU OAAG Kal TNV avadnuio-
upyia TnG TTopEiag Twy yeyovoTwy.

2710 OeUTEPO OKEAOG TNG Epyaaiag eEeTAOTNKE N duvao-
TOTNTO XPrONG TNG QacuatookoTriagc Raman kai Tng
atrelkoviong pe AFM oTnv ekTipnon Tou XpOvou evo-
TO0e0NG KNAIdWV aipaTog, ol oTroieg dev UTTéoTNOAV
KOMia TTpoyeveéOTEPN E€TTECEPYOTIO TTPOKEIJEVOU TA
ATTOTEAECUATA VA AVTITTPOOWTTEUOUV OO0 TO dUVATOV
MO PEANIOTIKA TIG OUVONKEG BIATTPAENG VOGS eYKANUA-
TOG. ZUYKEKPIPEVA, WEAETABNKE N diagopoTtroinon TG
évraong Tou @aopartog Raman pe 10 Xpdévo o€ Oeiy-
MaTa KnAidwv aipaTtog TTou eAfeBnoav atrd BeAovTEG
00T1e¢ (Eik.4-6), evwy he TN PonBeia Tou AFM TTapaTtn-
priénkav o1 PHOPPOAOYIKEG METARBOAEC TwV €pubpwv

AIJOCQPAIPiWY O CUVAPTNOTN UE TO XPOVO.
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Eik.5 KautruAeg mpoaouoiwans tng XapakTnpIoTIKAS KOpUPHS oTa
1575cm-1 twv @acudrwv Raman piag KnAidag aiuarog, yia ta

Xpovika diacthuara 3, 6, 24, 48, 72 kai 96 wpwv

O1 KauTTUAEG EAAPOBNOCQV JE TNV EQAPUOYI TOU LOVTE-
Aou Lorentz kai peak fitting pe Tn onBeia Tou TTPOY-
paupdatog Origin. MapatnpoUue [ia oTadIAKA UTTO-
BaBuion Tou UYWoug TNG KOPUYPRG, N OTToia ATTOTUTTW-
VETOI EUKPIVEOTEPQA OTNV EIK.6.
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Eik.6 Aiakouavon tou UWoug TNS XApaKTNPIOTIKRNG KOPUPHS OTd
1575cm-1, kard 1o xpoviko didornua 3-96 h. Or TiuéS Tpoékuywav
uE epapuoyn Tou ovréAou Lorentz kai agaipeon tou @Bopiloviog

mepiBaAdovrog (background) ammé 10 ouVvoAIKG UWOS TNS KOPUPHS
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H avwTtépw PeTaBOAN 0TO UWOG TG XAPAKTNPIOTIKAS
Kopupng ota 1575cm-1, amodidetar 1600 OTn META-
BOAA TNG OUYKEVTPWOEWS Tou IVWOOUG, TTOU Eival U-
TEUOUVO yia Tn dnuioupyia TNG CUYKEKPIWEVNG KOPU-
@NG, 600 Kal OTIG BIOXNMIKEG JETATPOTIEG TWV HOpPIWY
TTou AdpBdavouv xwpa Katd Tn dIadIKaoia TTAEEWG Tou
QigaTog. H TITWOoN NG CUYKEVTPWOEWS TOU IVWOOUG
mOavoTaTa OPEiAeTal OTNV APUOATWOTN TOU BEiYUATOG
KAl TNV Madikh €6000 CUOTATIKWY aTTO TO €0WTEPIKO
TWV €puBpwWV aipoo@aipiwy (vepd Kal aigoyAofivn)
oTO TTEPIBAAAOV KaTA TIG TTPWTEG 6h, evw OTIG Bloxn-
MIKEG UETATPOTTEG TTEPIAQUBAvVOVTAl N 0EUYOVWON TNG
aloo@aIpivnNG Kal n dnuioupyia Twv TTapdywywv
MOPQWYV auTng, KABWG Kal n eTTakoAoubn aTtroiKodo-
MNON TWV TTPWTEIVWIV AUTWY.

MNa TNV eKTiPNon ToU Xpovou evatmmobeong pe 1n Bon-
Beia TG paouatookoTtriag Raman diamoTwnke OTI N
EVTOON TOU QACMATOG €TTNPEACETAI ATTO TTAPAYOVTEG
OTTWG N 10XUG TNG aKkTIvoBoAiag, n €oTiacn Tou opya-
VOU Kal 0l BIOXNUIKEG PETABOAEG TOu OEiyUATOC TTOU
AauBdvouv xwpa katd Tn diadikacia TTALEWS Tou ai-
MaToG. MNapd 10 yeyovog OTI oTa OEiyUaATa TTOU MEAE-
TABNKav TTapatnPABNKE pIa YEVIKR TAoN uttoBAaduiong
TNG EVTAOEWG TOU QAcpaTog Raman pe tnv 1mépodo
TOU XpOvou, €vioUToIG Ol £TTi PEPOUG OIAKUUAVOEIG
TTOU OQEIAOVTAI OE EYYEVEIG KAl £GwyEVEIG eTIOPATEIG
KaBIoTOUV TTaPaKIVOUVEUPEVN TN XPAON TNG CUYKEKPI-
MévNG HEBOBOU yIa TNV akpIP €KTINON Tou XPOvou
evammobeong, 18iwg avapeoa oe PIKPA Xpovikd diao-
TAMOTA.

MNa Tov TTPOCBIOPICHO TOU XPOVOU evaTTOBEONG WE TN
BonBeia Tng MikpookoTriag ATOMIKWY Auvauewy, e-
AA®ON KnAida aipaTtog atrd eBeAovtry dOTN 0 KaBaPO
YUGAIvo uttooTpwpa. H knAida peletiBnke pye AFM
OMEOWG PETA TO OTEYVWHA OE OTUOOQAIPIKEG TUVOR-
Keg. H petaBoAn Tng mapauéTpou Peak to Valley, Trou
QVTIOTOIXEI OTAV aTTOéOTOCN PETAEU TOU WNASTEPOU Kal
XOUNAOGTEPOU OnuEioU KATA UPAKOG PIAG TOUAG OTnV

emM@AveIa evOg EpuBpoU aIgooalpiou, EPEUVHONKE O€

Xpovikd dlaotiuata 1, 2, 3, 4, 4.5 ka1 24 wpwv amod
TNV Aqun Tou &¢iyuartog, aTig idlEg akpIBWS TUVONKEG
(Ek.7).

EXTIMAZH XPONOY ENANOBEZHE
AP IMAGING

Peak to Valley
1-24h

1h - 698nm

24h - 562nm

]

Eik.7 Aiakouavon tn¢ mapauérpou Peak to Valley, uiag toung
EVOGS £pUBPOU aiuoopaipiou o€ xpovika diaotiuara 1 Kai 24 wpwv
arro v €000 Tou armd 1o owa. Eivar gugavnig n mrwaon g tiung
NS UWPnASTEPNS KOPUPNS KATA UNKOS TNS Touns (Dy), yeyovdg mou
UTTOONAWVEI CUPPIKVWAON TOU £pUBPOU aiuoa@aipiou

Me Bdon Ta amoTeAéouaTta TG TTapolong £pyaciag,
ol eTpRoeIg TNG TTapauéTpou Peak to Valley gpgdvi-
oav onuavtik dlagopoTroinon Katd 1n dIdpKeEIa Twv
TTPWTWV 24 WPWV, ATTOKAAUTITOVTAG XAPOKTNPIOTIKN
MeTaBoAn (ouppikvwan) oTnv Hop@oAoyia Tou KUTTA-
pou, 1I8iwg Katd TIg TTPpWTEeS 5 wpes (EIK.8), n otroia
atodideTal 0TO0 QaIvouevo TG 6opwong. H mTapatn-
pnBecica xpovika e€apTnuévn METABOAN OTN HOPPOAO-
yia Twv epuBpwv aigoo@aipiwv eivar duvaTtév va
OUMBAAEl aTToQaoIoTIKA aTov KaBopioud Tou Xpovou

BavdaTou ] TPAUPGTIOPOU O€ JIa EYKANWATIKA EVEPYEIQ.

s

0 10 15 v

Eik.8 MeraBoAn tn¢ mapauérpou Peak to Valley uiag toung evog

EPUBPOU aiuoo@aipiou o€ auvAPTNON LE TO XPOVO
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AUT n TTPOKATAPKTIKI MEAETN KATESEIEE TN MEYAAN
duvartoTnTa TNG PacuarookoTriag Raman kai NG aTre-
IKOvIONG We MikpookoTria ATopikwy Auvduewy - AFM
Yo YPyOpO, HN KATOOTPETITIKG, TTPOCOIOPIoHS KNAi-
Owv aigaTog, yeyovog TTOU UTTOPE EVOEXOMEVWG va
odnynoel oTnNV EQOPUOYH TOUg OTOV TOTTO £VOG EYKAN-
paTtog. EmITTAéov, oI HOPPOAOYIKEG PETARBOAEG TWV -
puBpwv ailyooaipiwv givar duvatov va PeAETNBoUV
0€ ouvapTNON UE TOV XPOVO, TTapEXovTag Tn duvato-
TNTa TTPOCdIoPIoUOU TOUu XpoOvou TpauuaTiouou 1 Ba-
VATOU O€ pIa eyKANUaTiKA evépyela. MNa tnv egaywyn
AOQAAECTEPWY CUUTTEPOAOUATWY QTTAITEITAI N TTEPAI-

TEPW QEIOAOYNON TWV TEXVIKWV QUTWYV O€ eUPUTEPEG

TTANBUCIaKEG OpddEeG, o€ PHEYOAUTEPO XPOVIKO €UPOG
Kal o€ OIAPOPETIKA UTTOOTPWHATA — TTEPIBAAANOVTIKEG
OUVONKEG, TTPOKEIMEVOU TA EUPAUATA AUTA VA KATAO-
TOUV IKavd atrodeIKTIKA OTolxeia oto dikaotpio. H
KATAOKEUN Kal N TToToTroinon evog eUxpnoTou gopn-
ToU aQutOuaTou opydvou yia Tn ypriyopn, MN Kotao-
TPETITIKI], ETTTOTTIA AViIXVEUON TOU QiATOG KOI TNV €K-
Tiunon Tou XPOvVou TPAUMATIOPMOU n BavdaTou o€ HIa
EYKANUATOAOYIKA €psuva aTmoTEAOUV TOUG OTOXOUG

MEANOVTIKWV EPEUVIDV.

MapoouBavidng Nikog
Atrégoitog AINMMZ N&N

- Avartrtugn MNMoAupepikwyv BiooupBatwyv Aetrtwyv Yeviwv e PapUOKEUTIKES
1816TNTEG OTNV ETiQaveia Evoopakwyv

21ov 21° aiwva n Navotexvoloyia eEeAicoeTal wg éva
a1rd Ta BACIKOTEPA ATTOKTAMATA TOU avBpwtrou. Mé-
ow e@appoywv NG Navotexvoloyiag BeATIWVETAI N
To1I0TNTa (WNG O TTOAAOUG TOMEIG TNG avBpwTTIvng
opaong. H NavoiaTpikiy €ival n €@apyoynl TnG vavo-
TEXVOAOYIAG oTnV uyeia, n oTtroia eKPeTAAAEUETAI TIG
BeATIWUEVES KOl CUXVA VEEG QUOIKEG, XNMIKEG, Kal Blo-
AOYIKEG 1B10TNTEG TwV UAIKWV oTn vavokAipaka. Ol
OUYXPOVEG EPEUVNTIKEG TAOEIG OTNV VAVOIOTPIKA KAl Ol
EQPAPUOYEG TOUG O0ThV o@BaAuoAoyia agopolv OTOUg
TOMEIG TNG OIAYVWOTIKAG ATTEIKOVIONG, TwV BIOUAIKWY,
TNG AVAYEVVNTIKAG IATPIKAG KAl TNG OTOXEUMEVNG ATTE-
AeuBEpwong PapuaKwy.

Katappdktng eivar n 66Awon tou KpuoTaAAo€gIdoUg
@aKOU Tou paTiou (Zxua 1). Me tnv épodo NG nAI-
Kiag, o akog auTtdg XAvel TRV apyikr) Tou ouoTaon Kal
BoAwvel (YEPOVTIKOG KATAPPAKTNG). € MEAETEG TTOU
£XOUV Yivel, N ouxvoTnTa Tou KatappdkTtn cival 50%
o€ avBpwTToug nAIKiag peTagu 65 - 74 €Twv Kal au&d-

vetal o€ 70% o€ nAIKieg Avw Twv 75 €TWV.

sxnpa 1. OpBaAuds e KatappAaKTn

O KaTappAKTNG AVTIMETWTTICETAI XEIPOUPYIKA PE a@ai-
PECN TOU KOTAPPOKTIKOU KPUGOTOAAOEIDOUG @aKOoU
(Texvik) TNG @akoBpuwiag). H ouykekpipévn TEXVIKA
gival upnARg akpifeiag, aoeaAg pe xaunAd emmimeda
EMTAOKWY. 210 TEAOG TNG €TTEPPAONG TOTTOBETEITAI
OUVOETIKOG €vOOQPAKOG aTn B£on Tou TTaBoAoyIKoU
(ZxAua 2), woTte va dilopbwoel TNV uttoAeiTépevn Oi-

aBAaoTIKN 10XU TOU 0QBaAuOU.
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2xhua 2. Tormo6érnan evdopakou o€ 0pBaAuo

ZnuavTiké oT1ddio TNG eTEPRACNS TOU KOTAPPAKTN Ei-
val N JETEYXEIPNTIKN XPAON OPOAAUIKWY OTaYyOVWY, UE
OKOTTO TNV QVTIUETWTTION TNG PETEYXEIPNTIKNAG QAEYUO-
VAG Kal meavwyv emiTAOKWY. Ouwg, epeuvnTeG PEeAE-
TWVTAG TN CUPPOPYWON aoBeviv o€ o@BaApIkr O¢-
paTtreia e mn BorBeia NAeKTPOVIKOU TPOTTOU KATAYPO-
PAG, KatéAn&av otnv Trapatipnon 61 70 62% TWwv
aoBevwyv TTapaAeitel 10% Twv décewv kal 70 15%
TTapaAeitTel 50% Twv dOCEWV.

H cuykekpiyévn SITTAWMATIKY £pYOOia OTOXEUEI TTPOG
TNV KateuBuvon Tng €mmiAuong Tou TTPOBAANATOG au-
TOU. 0 OUuyKeKpIPEVa, OTOXOG TNG Eival 0 OXEDIAOPOG
evoo@aKoU Pe duvaToTNTa OTAdIOKNAG ATTEAEUBEPWONG
KOPTICOVNG (POPUOKEUTIKI) OUCia PE I0XUPK QVTIQAEY-
Movwdn Opdon). ATOTEAEl TNV TIPWTN EPEUVNTIKA
TTPOOTIABEIa  avATITUENG  OPYAVIKWY  TTOAUMEPIKWV
AETITWV UPEVIWV HE QOPUOAKOAOYIKEG 1810TNTEG OTNV
em@aveia evoo@akwy Pe T PEBodo spin coating. To
upévio €ixe Tnv €¢ng ouortaon: (PLGA-PCL 90:10)/
AeCapebadovn 3/1 kail dIaAUTN xAwpo@dpuio. MNa 10
Teipapa xpnoigotroménkav  evdéo@akoi atmd Acry-
late/Methacrylate Copolymer (one-piece, Zxnpa 3a)
kai Acrylate/Methacrylate Copolymer pe 10 QTITIKO

Toug TuARMa amé PMMA (Three-piece I0L, ZxAua 3B).

>xnua 3a. One-piece IOL 2xnua 3. Three-piece IOL

H otepéwon Twv evdo@akwyv Kal n 1epIdivnor Toug
ME spin coating &ev Toug TTpokAAece BAABEG, UE aTTo-
TEAEOUa va KpiveTal KATAAANAN N XpAon TNG TEXVIKNG
yla Tnv avamtuén uueviwv. Me tn BonBeia twv AFM
kai SEM peAetiOnke n popoAoyia Twv upeviwv. Ta
UMEVIa €xouv PeydAn TpaxutnTa Kal oxXnuatiouv To-
POUG EVTOG TWV OTTOIWV UTTAPXOUV poplia decapebalod-

vng (Zxnua 4 kair 5). Emiong, umdpyel didoTraptn

KopT1i¢dvn o€ 6An TNV €TMIQPAVEIQ TOU UHEVIOU.

sxnua 4. Eikéva rormroypagiac uueviou ue AFM e oxnuariouo
mopwyv (0€IG) Kal EIKOva eaong NS avrioroixns ANwng (apiotepa)

2xnua 5. Eikéva mpogiA tormroypagiag uueviou ue AFM (6eéic) kai

HETPATEIS TV OIA0TACEWY TwV TTOPWYV (apIoTERA)

H pop@oloyia Twv upeviwy Kal o1 BEIKTEG TPaxUTNTaG
fTav 6oIol TOOO YIa TOUG one-piece evOOPaKoUg, 600
Kal yia Toug three-piece. ZuvoAikd, ol OikTeg TpaxUTn-

TAG yia 6AouUg TOug evOOPAKOUG TTaPOUCIACOVTal OTO

Root Mean Square (RMS) Peak-to-Valley

One-piece IOL1 127 nm 1386 nm

One-piece |OL2 125 nm 1381 nm
One-piece IOL3 131 nm 1392 nm
Three-piece IOL1 117 nm 1363 nm
Three-piece IOL2 125 nm 1377 nm

Three-piece IOL3 131 nm 1385 nm

Q
b
= 1
-
Q
o

2x. 6 Aciktes TpaxUtnTag one-piece Kai three-piece evooQakwy ue
upévio 30x30um
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MeAETN TNG EMIPAVEIAG TOU UMEVIOU OTO OTITIKO Kal TO
OTITIKG TUAMOTA TWV €VOOPOKWY £YIVE Kal PE XProN
Tou SEM (Zxnua 7 kai 8).

B00em

2xnua 7.Eikéves SEM three-piece evO0OQaKoOU UE UUEVIO OE LIEYE-
Buvaeig x15 popég (apiaTepa) Kai x85 popéc (0eéid)

>xnua 8. Eikéves SEM ammikwyv Tunuarwy three-piece evoo@pakou
Xwpic upévio (apiotepd) kai ue uuévio (6e€id) oe ueyebuvaoeis x85
QOPES

MeAETN Twv OTITIKWY I8I0TATWY TOU CUOTAUATOG £VOO-
QOKOG/UPEVIO £yive PE TN MEBOBO TNG EANEIYOUETPIAG.
O1wg @aivetal amd 10 TTopakdTw diaypdupata (ZxA-
pa 9 kai 10), 1600 n dINAEKTPIKA cuvdpTnon, €, (W),
000 KOl 0 OUVTEAEOTAG atroppdPnong, K, Tou CUCTH-
paTog evdopakou/upeviou eival oxeddv TTaVOPOIOTU-
oG Kal paAioTa XapnAotepog atrd autdv Tou idiou
TOU gvdo@akou. Maviwg, o€ KABe TTEPITITWON, TO UNE-
vio Ogv UETARAAEI apvNnTIKA TIG OTITIKEG 1I01OTNTEG TOU
gvoopakou.

30 ——————— ——

<e (w)> Lens - <e(w)> Lens |
28| ——<t(w)p> TFiLens ;i

<e (w)> TF/Lens

26
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<51(w)>
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20

Photon Energy (eV)

2xHAua 9. ZUyKpITIKO Olaypauua NG HETPOUNEVNS AINAEKTPIKAG

Juvaprnong Tou gakou (TTpiv Kai UETa Tnv evamréBean thin film)

18 T T T T T T 05

<s‘(w)> Lens <¢ (w)> Lens
<e (w)> TF/Lens

<¢ (w)> TF/Lens

o o
w IS

Refractive Index n
o
o

Absorption Coefficient k

e
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Photon Energy (eV)

2xhua 10. Zuykpitikd Siaypauua Tou uetpouuevou Aciktn AigbAa-
ong (n, k) Tou pakou (Tpiv Kai uerd tnv evamrobeon thin film)

H peAETN TNG QAPPOKOKIVATIKAG TWV EVOOPAKWY EYIVE
ME XPAON TNG TEXVIKAG TNG acuatopwTopeTpiag. Ol
TTEIPAUATIKEG WETPAOEIS TTPAYHATOTIOINBNKAV Of Ka-
Bopiopévoug xpdévoug (15 Aetrrd, 30 Aetrrd, 1 wpa, 2
wpeg, 3 wpeg, 4 wpeg, 1 nuépa, 2 nuépeg, 5 nuépeg, 7
NUEPES Kal aTn ouvéxela avd gpdopada etmi 10 ouvo-
Aiké eBOouadeg). H atreAcubépwaon @apuaKou yia To-
ug three-piece evdo@akoug éyive otadlakd otig 10
€BOOPAdEG PE TaXUTEPN ATTOOECPEUCN TIG TTPWTEG N-
MEPEG KAl hJE ATTODETPEUOT TNG PHEYOAUTEPNG TTOCOTN-
Tag KopTICovNng (80%) oTig 35 TTPWTEG NUEPES, YEYO-
VOG TTOU CUUTTITITEI JE TNV PETEYXEIPNTIKN TTEPIODO Ka-
1@ TNV oTToia Xopnyouue degauebaldvn UTTo TN HOPPA
otayovwy. Apeon amodoon Tou Qappdkou, OUWG,
(TNV TTPWTN WPQA) £XOUUE OTOUG ONe-piece EVOOPAKO-

UG, yeyovog TToU UTTOdNAWVEl OTI €yIVE ATTOCTTIOCN TOU
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upeviou kar atrédoon OAng TNG TTOCOTNTAG TOU Pap-

Makou (ZxAua 11 kal 12).

100

~—— Samples 1,2,3
—e— Samples 4,7,9

80 -

60 -

40 4

% Cumulative release of drug

20 4

0 10 20 30 40 50 60

Time (days)

sxnua 11. KaumiAeg ameAsubépwons DEXA oe didotnua efdo-
uadwv. Ta samples 1,2,3 givai o1 one-piece evO0OQAKOIi, Evw Ta

samples 4,7,9 ol three-piece evdo@akoi

120

100
1111 I
—&— Samples 1, 2, 3
—&— Samples 4,7, 8

80

60

40

% Cumulative release of drug

20

111 I

T T T T T
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sxnpa 11. KaummoAeg ameAsubépwong DEXA 11¢ Tpwres 24 WPES.
Ta samples 1,2,3 civai o1 one-piece evOOQaKoi, evw Ta samples

4,7,9 ol three-piece evdopakoi

Kai o1 800 TUTT01 eVOOQaKWVY aTToTEAOUVTAI ATTO TO i610
OTITIKO TUAMA, aAAG diagopeTikd Haptics. ®aivetar 6T
oTtoug three-piece ta Haptics tmou eivar amé PMMA
OUYyKpaTOoUV TO UMEVIO Kal TTpocdidouv ApIoTeG pap-
MOKOKIVNTIKEG 1810TNTEG.

2UVOAIKQ, Ta atToTEAECUATA TOOO TOU XOPAKTNPIOUOU
000 Kal TNG ATTEAEUBEPWONG PAPPAKOU (VIO TOUg
three-piece evdo@aKoUG) NTTOPOUV va BewpnBouv ev-
BappPUVTIKA Kal va ETTEKTEIVOUV TNV €PEUVA O€ ETTOUE-
va Brpata. MeAAOVTIKEG TTPOEKTACEIC TNG TTAPOUCOG
MEAETNG eival n dlgpelvnon NG cupBoAng Tou PMMA
oTn oTtadlakr atmmeAeubépwon Tou @apudkou. MNapdA-
AnAa, pytropei va peAetnBei n evowpdtwon deuTtepng N
KAl TPITNG POPUAKEUTIKNG ouaiag oTo UPévIo (AvTifio-
TIKO Kal Mn ZTepoeIdég AvTIQAEYHOVWOEG), WATE va
€MTEUXOE OAOKANPWHEVN HETEYXEIPNTIK QAPUOKEUTI-
KA Bepatréia.

EmmpooBera, petd ammd €Aeyxo NG ToEIKOTNTAG TOU
upeviou/evdo@akoU g€ KAaAAIEPYEIEG KUTTAPWY, TO TTEi-
paua Ba pTTopoucE va eloaxBei o€ TTEIPANATIKO [OV-
TéEAO CWwvV (KoVviKAWYV), WoTe va KpIBei N ac@daAeia Kai
N €TTAPKEIN TNG QPAPPOKEUTIKAG 1010TNTAG TOU UMEVIOU.
Euvoikd atroTeAéopaTO QUTWY TWV TTEIPANATWY OU-
vavTal va odnyAcouv o€ TTAnpEoTepn agloAdynon To-

UG yia o@BaApoAoyikh xprion.

Kapauntoog ABavdaciog
Atégoitog AINMMZ N&N
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n - Mapaokeun BioAsiToupyiKwy IKPIWHATWY a1Td BIOATTOIKOOOUNCIMO TTOAUMEPR:

- loTikQ Avayévvnon & AsIToupyikOTnNTA TOUG -

H lotounxavikry (Tissue Engineering) armoTteAei éva
paydaia avatrTuocopevo KAAd0 Twv BIOAOYIKWY ETTIO-
TAMWY TIOU OTOXeUEl OTNV AVATITUEN AEITOUPYIKWV
UTTOKATAOTATWY TWV KOATECTPAMMEVWYV I0TWV Kal Op-
yavwy. 2TV loTounxavikA, TTPOKEINEVOU VO ETTITEUX-
B¢i To BEATIOTO TEXVNTO TTEPIBAAAOV TTOU VO TTPOCOUO-
IACel TO QUOIKO KUTTAPIKO TTEPIBAAAOV (OnA. TNV E¢w-
Kuttdpia Oepéhia Oucaia, ECM), xpnoIuoTTolouvTal
(PUOIKA Kal OUVOETIKA [B10aTTOIKOBOUATINA TTOAUMEPH)
TTOU avaTITUooOoVTal 0€ KATAAANAEG doUEG, Ta Asydpe-
va ikpiwuara (scaffolds). H ocuuBoAn Tng Navotexvo-
Aoyiag éykeimal oTNV TTAPACKEUR TWV IKPIWUATWY O€
HMOpP®N Vavoivwv.

H 1mTapouca SITTAWUATIKA €pyacia TTpayuaTeUeTal TNV
avAaTTugn vavoivwdwy IKPIWKATWY aTrd BloaTtroiko-
dounoiua TToAupepr pe Tn uéBodo Electrospray Dep-
osition Kal AETITWYV UMEViwV PE TN PEBodO MepioTpoi-
kNG Evamébeong (Spin Coating) oTa TTAcicia Tou TTe-
diou Tng AvayevvnTikAg latpikng (Regenerative Medi-
cine). ATTwTEPOG OKOTTOG ATAV N dnuioupyia evog Bio-
MIUNTIKOU vavoivwdoug TTePIBAAAOVTOG TTOU va TTpOo-
oopoiadel Tnv EEwkuttdpia Ocpélia Ouaia (ECM) Tou
apBpIKOU XOVOPOU KI ETTOMEVWG VO TIPOAYEI TNV
TTPOCEUON Kal TOV TTOAAATTAQCIAoUS Twv XOVOPOKUT-
TAPWV KAl CUVETTWG TN dnuioupyia €k vEOou XOVOPIKOU
I0TOU. Ta OOMIKA XOAPOKTNPIOTIKE TWV IKPIWHATWY
OTNV IOTOPNXAVIKR €TTNPEAJOUV TNV KUTTAPIKI) CUUTTE-
PIPOPA KOl TTPETTEI VA TTANPOUV CUYKEKPIPEVEG KATAO-
KEUOOTIKEG TTPOUTTOBECEIC yIa va uTTooTnpiouv Tnv
KUTTAPIKI TTPOCKOAANGN, TOV TTOAAATTAQCIOONO Kal TN
olapopoTtroinon. To IKpiwPa OuCIOoTIKA EVEPYEI WG
MIO TTPOCWPIVI) OUVBETIKA €§WKUTTAPIa uriTpa (ECM)
TTou aAANAEIOPG pe Ta KUTTAPA TTPOG OXNUATIONO
€VOG VéEou 10ToU. H péBodog HAeKTPOOTATIKAG EvaTTo-

Beong (Electrospinning) €ivai n o koivA pébodog yia

TNV KATOOKEUT TWV vavoivwdwy IKpiwudtwy. To Elec-
trospray Deposition, n péBodog TTou XpnolyoTTolEiTal
oTnv TTapouca epyacia, Baaifetal atnv idia apxn A&l-
Toupyiag pe Tn YEBodo HAekTpooTaTIKAG evaTTéOE0NG.
A6 Tnv GAAn TTAcupd, n lepIOTPOQIKA evaTtdBeon
(Spin Coating) cival pia diadikagia TTou XpNoIKOTIOIEI-
TAl VIO TNV EVATTOBEON AETITWV UMEVIWV O€ ETTITTEDEG
ETTIPAVEIEG.

MoAupepIKA AETITA UMPEVIQ avaTITUXBNKAV TTPOKEIE-
VOU VO OUYKPIBoUV pe Ta 2D TToAUMEPIKG IKPIWPATA,
WG TTPOG TNV KUTTAPIKA TTPOOKOAANCN KAl TOV TTOA-
AaTTAOCIOOUO.  ZUYKEKPIYEVA, XPNOIYOTIOIRONKavV n
MoAU-katTpoAakTovn (Poly-caprolactone, PCL), éva
OUuVBETIKO TTOAUpEPEG, N XiToddavn (Chi), éva @uoiko
TTOAUMEPEG, KaBWGS Kal To cupTtoAupepég Chi/PCL o¢
o1dpopeg avahoyieg (80:20, 65:35, 50:50). MNa Tnv
TTOPACKEUNR TWV IKPIWPATWY SOKIUACTNKAY TTOAUMEPI-
KG dloAUpaTa o€ BIAPOPEG CUYKEVTPWOEIG KAl PE DIA-
@opoug BIaAUTEG, WOTE va egeupebei 0 BEATIOTOG yia
KGBe TToAupepéc. H BeATioTotmoinon Twv ouvenkwv
avamTuéng IKPIWPATWY aTTOdEIXTNKE TTWG APOPd Ku-
PiWG TN OUYKEVTPWON TOU TTOAUUEPOUG, TO €idOG TOU
OI0AUTN (eTQaveIakr TAon, TTNTIKOTATA), TAV ATTO0-
Taon BeASvVaG-CUAAEKTN, TNV €pappolouevn Tdon Kal
TOV pubBud pong. AImOoTWONKE TTWG ATTaPaITNTN
TPoUTe0ean yia TN dnUIoUPYia TOU CUUTTOAUNEPOUG
gival n xpAon koivou &iaAuTn (Trifluoroacetic ac-
id/Dichloromethane TFA/DCM 80:20) oTig BEéATIOTEG
OUYKEVTPWOEIG TWV ETTINEPOUG TTOAUMEPWYV (8% wiv
Chi, 30% w/v PCL) kai ye BEATIoTn avaAloyia 1o 50:50.
Mo TNV TTAPOOKEUN TwV AETITWV UMEVIWY XPNOIKOTIOI-
NBnkKe €vag Koivdg SIaAUTNG yia 6Aa Ta TTOAupEP WO-

TE va €ival oUyKpioIua peTagu Toug.
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O O0UIKOG/HOPPOAOYIKOG/TOTTOYPAPIKOS XAPAKTNPIO-
MOG TOOO TWV IKPIWPATWY 000 Kal TwV AETTTWV UMEVI-
wv €yive pe TNV HAekTpoviky MikpookoTria Zdpwong
(SEM) kai Tnv ZapwTikrp MikpookoTtria ATopikwy Au-
vapewv (AFM) (ZxApa 1) kai n agloAéynon tng diap-
poxn¢ (wettability) Toug pe Tn pETpnon ywviag diaB-
poxf¢ (Contact Angle, CA). Aciyuata PCL, yevikd,
TTapougiacav udpdPofn cuuTrepIpopd, IDIRITEPA TO
IKPIWMOTA, VW N XITOZAvn, udpd@IAN. H KpUOTAAAIKO-
TNTA OKOVNG XITOZAvng peAeTHONKe pe MepiBAaon ak-
TIVWV-X, TIPIV KAl JETA atrod XNUIKA Katepyaoia (50%
viv NaOH) ki eTTaABeuce TNV augnon tnNg KPUOTAAAI-
KOTNTOG KI EMPECWG TNV HEIWON TOU PopIakou BApoug
TNG XITOCAvNG. To TeAeuTdio QATTOTEAECE ONUAVTIKN
ouvOpoun Katd TIG TTPOCTIABEIEC aVATITUENG IKPIWHA-
T0G a1rd dIdAupa x1Todavng pe dIaAuTn 90% v/v o&Iko
0¢U. H ekTipnon TN XNMIKAS QUONG TwV AETTTWV UE-
viwv éyive pe TN PacparookoTtriac Raman. To @daoua
Raman Tou oUuTTOAUMEPOUG TTPOKUTITEI ATTO TH CUVE-
I0QOPA TWV ETTINEPOUC PATHATWY TWV OUO TTOAUME-
pPWV, YEYOVOG TToU £€akpIBwvel TNV TTapouaia Twv dUo
TTOAUMEPWY OTO OUPTTOAUMEPEG, TTOPOTI UTTHPEE dia-
XWPIOPOG @AonG oTa dlaAupara.

Ta IKpIWPOTA Kal Ta AeTTTé upévia PeAeTABnKav, €TTi-
0ongG, wg TTPOG TNV BIOAOYIKN ATTOKPION TOUG OE KUTTA-
pIkéG oeIpEg. E1dIkOTEPQ, N KUTTAPIKA oglpd L929s (o-
Bavartotroinuévn KUTTAPIKK O€Ipd IvOBAQOTWY TTOU
OTTOPOVWVETAI  ATTO  IVOOAPKWUA  (AITTWdNG  10TOG)
TTOVTIKOU) KAAAIEPYABNKE OTAV ETTIQAVEIA TWV IKPIW-
MATWV Kal AETITWV UPEVIWV yia Tpia XPOVIKG d100Tr-
MoTa (24 wpeg, 3 PEPEG, 7 HEPEG) KI €YIVE TTOCOTIKA
EKTINNON TWV KUTTAPWV TTOU avatTuxénkav Pe Tnv
epappoyn Tou MTT mpwTOkoAAou. Ta Tnv OAOKARA-
pwWonN TNG KUTTAPIKAG MEAETNG €ANQONCQV EIKOVEG ME
TNV HAekTpovik MikpookoTria Zapwong (SEM) kai pe
TO OTITIKO MIKPOOKOTTIO PETA ATTO XPWON ME KUavo Tou
MEBUAeviou. EAEXOnkav Tpia deiypata IKPIWUATWY
w¢ BEATIOTA, Ta OTTOIO META OTTO KOAMIEPYEIQ PE KUT-

TAPIK CEIpd avOpPWITIVWV XOVOPOKUTTAPWY UTTORAN-

RN
2\

Zxnua 1: Eikoves "Yywoug (Height) Zapwriki¢ Mikpookorriag Aro-

uikwv Auvauewv (AFM) a) ikpiwuatog 8% w/v Chi og diaAdtn
TFA/DCM 80:20 B) ikpiwuarog ouutroAuuepous 8% w/v Chi/30%
w/v PCL 50:50

Bnkav oTo TTPWTOKOAANO Alamar Blue, éva TTpwWTOKOA-
AO TTOOOTIKNG EKTINONG TNG KUTTAPIKAG AVATITUENG, UE
MeyaAUTeEpPN eualoBbnaia, 1I81aiTEPa O€ TTAPOUCia PUIKpoU
apiBuoU KutTdpwy. H TeAeuTaia auTh KUTTAPIKK MEAE-
TN CUPTTANPWONKE HE eIkKOVEG atmd TNV HAEKTPOVIK
MikpookoTria Z&pwong (SEM) kal To oTrTikd UIKPOO-
KOTTIO, META OTTO Xpwon ME Kuavo Tou MEeBUAeviou.
OAa Ta atroTeAéOPATa TG KUTTAPIKAG CUUTTEPIPOPAS
TWV IKPIWHATWY KOl TwV AETTTWYV UMEVIWY OUVOWioTn-
Kav o€ Hop®n diaypaupdaTwy Kal aflohoynénkav pe
MEBOBOUC OTATIOTIKAG ONUavTIKOTNTAS (Student t-test,
ANOVA), trpokelyévou va e€¢axbouv OupTTEPATUATO
0€ OouvAPTNON ME TIG EIKOVEG. 2TIG OPADEG TWV OEIy-
MATWV, TN HEYAAUTEPN KUTTAPIKA BlwoIUéTNTa OTA
AeTTTd upévia TTapouciaoce 10 PCL, evw OTa IKPIWKA-
Ta, N XItoavn (ZxApa 2, ZxApa 3). To PCL o¢ popen
IKPIWHKOTOG onUEiwoe TN MIKPATEPN BIWCINOTNTA, EVW
TO CUPTTOAUMEPEG €iXE MIA eVOIAUEDN KUTTOPIKA OUW-
TEPIPOPA. 2TA TTOAUMEPIKA vaVOivWwon IKPIWUATA,
QuOIK& TToAupepr, OTTwG N XITofavn €MOEIKVUOUV HE-
yoAUTEPN BlooupBatdtnta, KaBOTI armroTeAouvTtal Ao
OOMIKA aToIXEIa TToU avayvwpifovtal atmd Ta KUTTapd.
@aiveral, dnAadn, TTWS 0 KUPIOG INXAVIOUOS KUTTOPI-
KNG TTpoopuong TrepIAapBAvel TIG atreudeiog aAAnAe-
MOPACEIC IVWV-KUTTAPWY, £EQITiAg TNG TPaXUTNTAG KAl
NG au&nuévng dIaBEaIung TTePIoXNG (avaAoyia eTPa-
VEIAG/OYKOU). ZTa TTOAUMEPIKA UPévia, aTTd TNV GAAn,
udpdépofa ToAupepr), 6TTwg 10 PCL, TTapouacialouv
MeEYOAUTEPN KUTTAPIKN BlwoiydtnTta, yiaTi Adyw Twv

TTEPIOPIOPEVWV ONUEIWV KUTTAPIKAG OAANAETTIOpaONG
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(oe oxéon ME vavoiveg), @aiveTal TTWG O KUPiapxog
MNxoviouoég mTpdoeuong Eival N TTPOCEAKUCN Kal N
amoppdPnan TNG QINTTPOVEKTIVNG (TTpwTEivn TTPOO-
Quong). ZUJTTEPaIVETal TTWG N XNUIKA ouvBeon, n
TpaXuTNTa, N OIaBPOXN Kal N TOTToypagia Twyv £Qa-
VEIWV gival KABoPIOTIKOI TTapdyovTeG yia Tn Bloouufa-
TOTNTA €VOG TTOAUMEPIKOU UAIKOU KaBOTI KaBopifouv to
HUNXaviopd TNG KUTTAPIKAG TTPO0PUONG, KI ETTNPEAOUV
TNV KUTTAPIKA avATITUEN, TOV TTOAAQTTAQCIOONO Kal Tn

MeETaVAOTEUON.

o MTT

*
Only sample

[__124hrs
[ 3d

i

*
Control Chitosan ChirPCL PCL

@

Normalized OD at 570nm
w

e

Groups

Zxnua 2: Aigypauua Omriking mukvorntag OD ara 570nm uera
amro MTT dokiuaaia ue avBpwrrivous xovopoBAGaTeS O€ IKpIW-
uara Chi, ouutmoAuugpous Chi/PCL kai PCL (koivog d1aAutng
TFA/DCM) yia tpia xpovika diaariuara (24 wpeg, 3 Lépes, 7
UEpES). 2TamioTikh onuavrikotnTa (Statistical significance) *
p<0.05, *p<0.01, ***p<0.001

Normalized OD at 570nm

ontrol  25% PCL 30%PCL c:m ChilPCL Chi chi
Groups of thin films ' Chi powder treated with NaOH 48hrs
Zxnua 3: Aiagypauua Omrriki¢ mukvorntag OD ora 570nm perd
amré MTT dokipaaia ue KUTTApIKN o€ipd L929s ae AeTrra uuévia
Chi, ouutroAupepous Chi/PCL kai PCL, yia 1pia xpovikd dlao-
THuata (24 wpeg, 3 UEpES, 7 UEPES). ZTATIOTIKA OnUAvTIKOTNTA

(Statistical significance) * p<0.05, **p<0.01, ***p<0.001

KotQidutraoin Ocodwpa
Attogoitn ANMMZ N&N

- MeAéTn Tng AitrorpwTEivng LDL pe Tn Xxpron MikpookoTtriag ATOMIKAG
AoOvapung (AFM) o€ Traudid pe Neavikn I1d1o01rabn ApOpiTida

H xpovia @Aeyuovr] o€ eviAikeg pe Peuparosidr) Ap-
Bpimda cuoxeTiobnke pe aunuévo Kivouvo kapdiay-
YelokAG véoou, HEoW TNG dIATAPAXNG TTOU TTPOKOAEI-

Tal OTO AITTOTTPWTEIVIKO QaIvOTUTTO. AvAAoyeg TTapa-

TNPNOEIG apxloav va ep@avidovial ota TTaidid TTou
méoyouv até Neavikn [810mabr) ApBpitida (NIA) oxe-
TIKG pe dlatapayr Tou Aimdaipikou profil kar uTTokAIvI-
KAl aBnpookArfipwaon, ol TTAnpogopies, Ouwg, €ival a-
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KOUN TTEPIOPICHEVEG. ZTNV TTAPOUCa SITTAWUATIKN €p-
yooia peAeTABnKe To cwpaTidlo LDL (xaunAng TTukvo-
TNTAG AIMTOTTPWTEIVN) O TTaIBId TTOU TTACXOUV ATTO
Neavikr 1810maBr; ApBpimida (NIA) pe xprion Tou WIk-
POOCKOTTIOU aTOMIKAG duvaung (AFM) kar akoAoubnoe
OUOCXETION TWV EUPNUATWY PE TNV KATAOTAON EVEPYO-
TNTOG TNG VOoou (£€apon — UPEoN). 2TN UEAETN OUU-
peteixav 6 acBeveic pe NIA, ol otroiol XwpioTnkav o€
2 OPAdEG UE KPITAPIO TNV KATAOTAON £vEPYOTNTOG TNG
véoou (opdda 1: aoBeveig xwpic evepydTnTa véoou,
opdda 2: acbeveic pe evepynp vooo). AkoAoubwcg,
TTPAYHATOTTOINBNKE CUAAOYA OAIKOU dipaTtog Kal @u-
YOKEVTPNON TOU Kal JETA aTTO KATAAANAN £TTECEPYaTia
Ta OciyuaTa UTTEPPUYOKEVTPRBNKAY, TTPOKEIUEVOU VO
OTTOPOVWOEI N AeTTT) OTIBAdG GTNV OTToia TTEPIEXOVTA
ol Airotrpwreiveg LDL. ZTn ouvéxela, £yIve TTOOOTIKOG
mpocdlopiouds NG LDL pe xprion Tng peBddou Tng
PACHATOPWTOMETPIOG Kal KATAAANAN TTpoETOINOCTIA
OUO BIaPOPETIKWV UTTOOTPWHATWY (YUGAI KAl TTUPITIO)
yia TNV ToTToBETNON TWV BEIyuaTwy. H PeAETN Twy O€-
IYMATWV €yive Pe Tn didtagn Solver P47H Pro ng €T1a-
Ipeiag “NT-MDT”.

ATé Tnv TTapaTtApnon Twv OEIYUATWY TTPOEKUYE OTI
MOKPOOKOTTIK& Ol ANITTOTTpWTEiVEG axnMaTifouv €vdla-
PEPOUOEG DOUEG HE XAPAKTNPIOTIKN devOpoeidr| didTa-
&n, kabwg kai 61l Ta cwpaTtidia LDL £€xouv Tnv TAON
VO CUCOWUOTWVOVTAI Kal va dnuioupyolv OxXnNUOTIO-

MoUG TG TééNG Twv 100-250 nm.

2xnpa 1. Eikoves amrd
AFM ormou diagaiveral n

XAPAKTNPIOTIKY OEVOPOE-

10N¢ oiaraén

e

2xnua 2. Eikoves arro AFM 1Tou diakpivovral Ta ouoowUaTwuaTa

Twv LDL owpardiwv

Ooov agopd tnv ameikdévion kai pérpnon tng LDL
TTAvVW OTa dUO dIAPOPETIKA UTTOOTPWHATA TTOU XPNOI-
goTtToInenkayv, dgv dIATTIoTWONKE KATTOIa OIAPOPOTIOi-
non. MNa tn yeAétn Tng LDL atraiteital @péoko TTAAO-
Ma, KaBWg KaTd TNV Katawuén Twv OeiyudTwy aAAAlel
n otepeodIdTagn Tou cwuatidiou. AlQTTIOTWVETAI OTI
otnv 1n opdda PeAéTNG N BIAPETPOG TWV CWHATISIWV
LDL eivai peyaAUtepn o€ oxéon ge Tn 2n opdda. Ztnv
opdda Twv TaIdIWV PE evepyy vOOO dIATTIOTWVOVTAI
uwnAoTepa TToocooTd sdLDL (small dense LDL) cuy-
KPITIKG hE TNV opdda xwpig evepyotnta (84,4% €vavri
68,8%).
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>xnua 3. Eikéves owuarnidiwv LDL aocBevwv xwpic evepydrnra vo-

oou

2xhua 4. Eikévec owparnidiwv LDL aoBevwy ue evepydtnTa vooou

100

80

60 O AoBeveig og Upeon
40 @ AoBeveig pe evepyn vooo

20

% sd-LDL

2xhua 5. Mpdenua ue ta moooord sdLDL twv aocBevwy twv 000

OUGOWV UEAETNS

2ZUVETTWG, dlagaiveTal 011 To Amdaigiko profil o TTai-
o1& pe NIA kai evepyny vooo emrnpedletal e€icou pe
Toug evrAikeg. H €ykaipn, AoImmdv, avayvwpion Twv
aoBevwv TToU diatpéXouv auénuévo Kivouvo Kapdiay-
YEIOKNGS vooou, AOyw TnG Xpoviag GAeypovis, Ba odn-
YyNOE€l o€ TTPWIKN €loaywyn €MOETIKAG BepaTTeiag, wo-
TE VO KOTAOTAAEI N evepydTNTA TNG VOOOU, VO £€a0Qa-
NOTOUV HaKPUTEPEG TTEPIOOOI UPEDNS KAl ETTONEVWIG,
AIyOTEPEG ETTITITWOEIG OTO QVWPIPO KAl aKOUN avaTr-

TUOOOPEVO KapdIayyelakd Toug oUOoTNUA.

>youpoTttoUhou P. BaaolAikn
Atmogoitn ANMZ N&N

6. INTERVIEW with Prof. ROISIN OWENS, Department of Bioelectronics
at the Center of Microelectronics in Provence

Associate Professor in the Department of Bioelectronics (BEL) at the Center of Microelectronics in Provence
(CMP) of the Ecole Nationale Supérieure des Mines de Saint-Etienne.
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1. How did your career in science begin and

how did it evolve to the point it is now?

This is a very long story. My Bachelor degree was in
Biochemistry at Trinity College in Dublin. Initially, |
wanted to study Chemistry but during the first year,
due to an internship | did, | felt | was not interested
exclusively in Chemistry. It was then that | started
studying Biochemistry and realized it was significantly
different; applying Chemistry to Biology was much
more exciting to me. | spent the third year of my
Bachelor on an Erasmus stay in France which was
really great and that is part of the reason | ended up
in France. In my final Bachelor year | attended an En-
zymology workshop, where | met Professor C. D. O’
Connor from the University of Southampton who was
working on Enzymology. He suggested that | did my
PhD at his lab, as there was an available PhD posi-
tion. The thesis of my PhD was: “Characterization of
the biochemical mechanisms of the BipA ribosomal
GTPase in Enteropathogenic E. coli” and it was about
a protein in a bacterial system. We used bacteria that
are dangerous pathogens, which cause a lot of food
borne ilinesses. In this period | learned all about pro-
teins and a little bit about infectious disease. After my
PhD | did a couple of post Doc projects, purely on in-
fectious diseases; | worked on tuberculosis for three
and a half years. Gradually, though, | focused on the
technology for the detection of diseases using exclu-
sively new methods for diagnostics. Around that time
| was a post Doc at Cornell University where | met
Prof. G. Malliaras who informed me about the Organic
Electronics technology he was developing. It seemed
to me a really great idea to apply the Organic Elec-
tronics technology in new methods for disease diag-
nosis. At that time we published with Prof. Malliaras
one or two papers using his technology for detection

of glucose.

2. Was it then that you started using Organic
Electronics technology for biological ap-

plications?

Exactly, it was around 2007. At that time | was at
Cornell University working on a post Doc project
about two new commercially available technologies
for diagnostics. Through that project | was able to see
what was “coming down the pipeline” and to recog-
nize where the problems were. The whole process
made me even more convinced that the Organic
Electronics technology was a really good way to solve
some of the problematic issues in diagnostics. More
specifically, the Organic Electronics technology is a
low cost production technology, flexible and much
more compatible with biological systems. Moreover,
the chemical part of the procedure can be tuned.

At that point Prof. Malliaras and | got married, so, we
decided to move to France and work together on the
Organic Bioelectronics sector. The Microelectronics
Center of Provence (CMP) recruited Prof. Malliaras
and | went too, as “part of the package” initially, but
shortly after | got a permanent position based on my

own research.

3. By the time you went to CMP there was no

Department of Bioelectronics, right?

That is right. CMP had approached Prof. Malliaras
two years before we went there. They asked him to
create and lead a new department on a subject rela-
tive to “in vivo Electronics”. He suggested the “Bioe-
lectronics” subject and insisted on bringing a biologist
as part of the team, as he considered it very im-
portant that both scientific fields were actively en-
gaged in the department. CMP provided us with all
the necessary equipment for the Biology and the
Electrical characterization lab and we stipulated they

should be built side by side. The Clean Room existed
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already and that complemented a lot in the device

fabrication. Since then the lab has grown very fast,

there have been a lot of research projects and a
plethora of publications.

4. You mentioned you wanted to combine the

Biology and the Organic Electronics sector

in order to solve some challenging issues.

What kind of issues do you mean?

In a lot of cases the technologies existing for diagnos-
tics are very old. For instance, the technology for the
detection of bacteria is simply growing bacteria in a
plate and is a hundred years old. However, it is really
cheap and very hard to beat.

Often new technologies are developed but they do
not suit the application. In order to be convinced as a
doctor or analyst to use a new technology for diagno-
sis there has to be advantages. For example, the new
technology should be much cheaper or faster or more
compatible or more sensitive or should give the po-
tentiality to measure many factors simultaneously.

We know that Organic Electronics can be produced at
low cost, in large scale and that in certain key biologi-
cal applications they provide much better sensitivity
and specificity. For instance, there is the case of
measuring components of sweat. Sweat comes off
the skin, so, we need something flexible which fits on
the skin. Traditional electronic materials are not flexi-
ble, so they cannot be worn. We want something that
can be thrown away afterwards, which does not have
to be cleaned and reused. The transfer from one per-
son to another is something we want to avoid. So, in
this case the organic electronic materials just work
better.

Prof. Malliaras’ group showed after the implantation
of these materials that they were not toxic and that
they detect signals ten times better than the current
state of the art technologies. Another challenge we
had recently faced was the cells growing in three di-

mensions, like in a cyst. We were able to show that

we can measure toxic effects on this kind of cells in a
way that is cheaper, faster and more sensitive than
any of the technologies on the market. This is feasible
for us because we can design the organic devices;

we are literally flexible in our design concepts.

5. What about your collaboration with LTFN?
When did it start?

| first came to the ISFOEOQ8 Conference in Chalkidiki.
That was the first time | met Professor S.
Logothetidis, who encouraged me to come again.
Shortly after that | met Dr. V. Karagkiozaki. | felt we
had a lot in common because she is a medical doctor,
thus also a biologist, who works with physicists and
material scientists. Little by little we started exchang-
ing ideas about common research projects. Since my
arrival in AUTh, in the framework of the ROleMak pro-
ject, our interaction became more substantial. For in-
stance, a PhD student of mine works with a student of
Dr. Karagkiozaki testing specific nanoparticles devel-
oped in LTFN on some of the systems developed in
BEL in order to examine if certain devices can be
used for the detection of inflammation. Moreover,
when they came up with a problem in LTFN | sug-
gested they tried a method we use at BEL. This
whole interaction has led to an efficient exchange of
students and to a plethora of experiments that lead
soon enough to a publication, which | regard a very

important result.

6. What is the subject of this upcoming publi-

cation exactly?

In LTEN they have developed nanoparticles loaded
with a drug and have showed that the drug delivery
via the nanoparticles increases the drug’s bioavaila-
bility. They were interested in testing this method with
a type of cells we use at BEL, the so called barrier

tissue cells, which are very important to the protection
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of our body. So, we decided to develop a model of
inflammation. We added a compound to the cells and
caused them to look like they were undergoing an
immune response in order to examine what would
happen when we delivered these nanoparticles.
Would the cells be able to recover or become healthi-
er? The tests proceed well and soon we are going to
publish a paper. This is a nice example of how an in-
teraction of two laboratories can benefit both parties.

7. You are in AUTh as a scientific visitor
since February in the framework of
RoleMak project. What are your goals for

this stay?

This visit gives me the chance to interface with the
LTFN students and provide them with some know
how that | have and vice versa. For example, we
have developed protocols in BEL that are useful for
LTFEN, too, so, | transfer some of these protocols
here. | myself have been interested in learning more
about electronic methods, such as impedance and
sensing and that is one thing | have been trying to
learn from the people of the LTFN lab. | have also
carried out some experiments in LTFN. It is a nice
opportunity to be able to discuss matters face to face,
as this kind of communication is a lot richer.

| will be in AUTh until the end of August. | was given a
dispensation for six months to leave CMP and come
and work here but | have to return in September, for

my courses and the students | supervise.

8. Why have you been interested in learning

about impedance in LTFN?

We can understand a lot about the cells when we
know about their impedance. Many of the ways that
are currently available for testing cell health or toxi-

cology in vitro include electronic impedance scanning.

This method is not an optical method, which means
there is no need for adding any kind of chromophore
or fluorophore. Electronic impedance scanning is an
electronic method, thus we can use it on organic elec-
tronic devices. Actually, we have done so and proven

that it works effectively having many advantages.

9. When did you start participating actively in
the Conferences of NANOTEXNOLOGY? In
what field have you been mostly taking

part?

| firstly contributed in 2012 to the Summer School.
Since then | am involved every vyear in the
Nanomedicine part of the summer school and the Or-
ganic Bioelectronics workshop.

The research | do is not strictly speaking “nano”, but
anything in the cellular scale is nano to micro. | think
Nanomedicine has become kind of a generic term by
people who work on devices of a certain scale; even
microscale devices sometimes fall underneath the
nanoscale banner. So, it is a bit of a misnomer to say

“I am doing Nanomedicine”.

10. As things progress everybody will work on

nanoscale.

Exactly, everything gets smaller and smaller.

11. How would you assess the progress of the

NANOTEXNOLOGY  organization (NN,
ISFOE Conferences and Summer
Schools)?

In my first year, there were excellent speakers giving
excellent talks on excellent subjects, but the subjects
seemed a bit disjointed with each other. The overall
things tying them together did not seem as coherent.
Now, the themes are really well defined and have
progressed very much in coherence. The whole or-

ganization has evolved; the themes matured, both
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from the side of the organizers and from the side of
the participants. | am interested mostly in the subject
on the interface of Materials Science and Biology.
What is more, the Conferences grew considerably in
size; a lot more people submit abstracts. This year
there are coming 4-5 PhD students from BEL. More
specifically, from my group there is X. Strakosas com-
ing, whom | met through LTFN and hired as a PhD
student in 2012; another advantage of this collabora-
tion, and M. Bongo another PhD student who is work-
ing on the nanoparticle collaborative project.

Of course the location makes a great difference to
people, too. The first year | went to ISFOE, it was
held in Chalkidiki and the place was great, but getting
there is hard. Thessaloniki is a fantastic city for such
an event. Living here for the last six months | have
really grown to love the city. The social side of
NANOTEXNOLOGY is always excellent and Porto

Palace hotel is great, too.

12. What are the goals for your future re-

search? Is it better diagnostic methods?

Yes it is. Recently, | had to think a lot about specify-
ing my future goals as | am preparing to apply for a
Professor position at CMP. | needed to think about
my past and which direction | am heading to. Original-
ly, I had two focuses; one was the in vitro diagnostics
with cells and the other was metabolite detection. |

eventually decided that the general theme of my re-

search will be in vitro diagnostics and any kind of bio-
sensors we develop will regard the cellular compo-
nent. In other words, we will not just measure glucose
in a blood sample; we will measure glucose coming
from cells grown in vitro. Also, | aim to develop with
my group some sort of platforms where we will have
the capability to measure resistance of cells, bi-
omarker production and cell consumption. The idea is
really comprehensive and we have a number of dif-
ferent research projects based on it. One direction |
really want to go to is what they call “body on a chip”.
We quite often try to mimic an organ, but now we
want to think about complete systems. The goal is to
engineer a device where there are several compart-
ments, for example, one that is considered the liver,
another which is the kidney e.t.c. Then we could add
a compound and see what happens. For instance, it
could interact with liver cells; they might produce
some kind of a compound that then would have an
effect on a kidney e.t.c. The pioneers of this idea
come from Cornell, but the systems they have been
working on are very simplified. Summing up, that is
sort of the direction | would like my research to have

in the future.

doipn AoyobeTidn
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Ta tevyn tov Newsletter tov AIIMZ N&N Bpickovtal o ynolakn popen oty wrocehida http://nn.physics.auth.gr

37


mailto:logot@auth.gr
http://nn.physics.auth.gr/

