View metadata, citation and similar papers at core.ac.uk

-

P
brought to you by .{ CORE

provided by Cork Open Research Archive

\‘ ‘ ORA Cork Open Research Archive
£ Cartlann Taighde Oscailte Chorcai

Title

Nanohaiku and nanohaiga: nanotechnologies meet art
Hanoxaiiky 1 HaHOXalra, UM KaK HAHOTEXHOJIOTUUTE CE CPeIaT ¢

HU3KYCTBOTO

Author(s)

Georgiev, Yordan M.; Panova, Nedyalka; Gangnaik, Anushka S.;

Ghoshal, Tandra; Nikolova, Antoaneta; Holmes, Justin D.

Publication date

2017-11

Original citation

Georgiev, Y. M., Panova, N., Gangnaik, A., Ghoshal, T., Nikolova, A.,
Holmes, J. D. (2017) 'Nanohaiku and nanohaiga: nanotechnologies meet
art', in Xaiiky cBaT [Haiku World], Bulgaria: u3tok-3amanm [East-West].
http://iztok-zapad.eu/books

Type of publication |Book chapter

Link to publisher's  |http://www.mcag.ie/nano-art/

version http://iztok-zapad.eu/books/west
Access to the full text of the published version may require a
subscription.

Rights © 2017 the authors.

Item downloaded
from

http://hdl.handle.net/10468/5464

Downloaded on 2018-09-30T19:37:47Z

University College Cork, Ireland
Colaiste na hOllscoile Corcaigh


https://core.ac.uk/display/153478417?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.mcag.ie/nano-art/
http://iztok-zapad.eu/books/west
http://hdl.handle.net/10468/5464

HaHoxaliky 1 HaHOXalra UM KAaK HAHOTEXHOJIOTHHMTE ce CPelaT ¢ H3KyCTBOTO

Hopnau M. 'eoprueB, Hemsinnka [Tanosa, Anymka [Nanraauk, Tanapa [oman, Aaroanera
Huxkomnosa, Jixpetna . XoaMc

HanorexHonoruu u xaiiky? KakBo Moxe fa € 00I10TO MEXIy TAX?

HanorexHomorusita € CpaBHUTEIHO HOB HMHTEPIAMCLUMIUIMHAPEH KJIOH HA HayKaTa, YUHTO
npeMeT Hai-00II0 MOXe J1a Ce OTPEIeH KaTo KOHTPOJIIMPAaHe, MAHUITYIUpaHe U U3CIICIBaHE
Ha MaTepusTa, MpH KOWTO TOHE €AMH OT pa3MEpUTe Ha Ch3JABAHUTE WM H3CIECIBAHU
ctpykrypu ¢ mnoj 100 HM (HM — HAHOMETHP — €IHAa MWJIMapJHA YacT OT METhHpa).
[IpencraBkara nano- € 3aUMCTBaHa OT TPBIKATA JymMa VAVog, KOSATO O3HadaBa “mkymke”. U
HAWCTHHA HAHOMETBPBT € HEII0O MHOTO MaJIKO — B paMKHTE Ha 1 HM ce moOupaT He MmoBeue OT
3 aToma pa3noJoXKeHH eauH A0 Apyr. O1e e1HO CpaBHEHNE —JOBEIIKHAT KOCHM € ¢ Ae0ennHa
okosio 100 mxM (MukpomeTsp), koeto € 100 000 uM, T.e. Toit € oT 1000 no 100 000 bTH T10-
TOJISIM OT CTPYKTYPHUTE, KOUTO ca OOCKT Ha HAHOTEXHOJIOTHATA. Thii KAaTO HAHOTEXHOJIOTHSTA
€ MHOTO IIUpOKa HaydyHa o0JIaCT M oOXBalla YaCTH OT BCUYKH TPAJUIMOHHO YCTaHOBECHU
NPUPOIHHA HAYKH M BHCOKH TEXHOJOTMH, MHOTO YECTO JyMara ce M3MO0JI3Ba B MHOXKECTBEHO
YHCII0 — HAHOTEXHOJIOT HH.

HanoctpykTypupaHnero € 4acT OT HaHOTEXHOJIOTUUTE, KOATO CE€ 3aHMMaBa ChC Ch3/1aBaHE Ha
CTPYKTYpHU U NpUOOpH ¢ MUHUMaNTHU pa3Mapu noa 100 HM, HApUYAHU HAHOCTPYKTYPHU WIH
HaHonpuOopu. B HacTOAMOTO M3CIIeABaHE M3IMOJ3BAME ChUYETAaHHE HA JIBA MHOTO aKTyallHU
MeToJa 3a HaHocTpykrypupane. [IspBusT ce Hapuua “erexmponna aumoepagus” (EJI) u
HaIoCJeIbK MPUIOOMBA M3KIIOYUTEIHO IIHUPOKA TMOMYJISPHOCT B YHUBEPCUTETH H
U3CTIEIOBATENICKN JlabopaTopuu 1o wuenuss cBAT. llpu To3u Meron nodpe Qokycupan
€JIEKTPOHEH JIbY C pa3MepH OT €IMH J0 HIKOJIKO HAaHOMETpa Ce M3I0J3Ba OYKBAIHO KaTo
MHOTO ()UH MOIIMB 32 PHUCYBaHE Ha KEIAHOTO HM300paKEHUE B €IEKTPOHHO-YYBCTBHUTEIECH
MaTtepuai, HapeueH “‘pesucm’. Pe3uCTbT OOMKHOBEHO C€ HaHACA KAaTO THHBK CJIOU BBHPXY
MOJJTOXKKA OT MaTepuaa, Mo yIealil Ha CTpykrypupane (Bmwx durypa 1).

EnexkTpoHeH b4

[To3uTuBEH pe3nuct

IIOIJIOKKa

HeraTtupen pPE3UCT

Queypa 1. Cxemamuyno npedcmassine Ha npoyeca Ha eNeKmpoHHa 10mozpaghusl.

B pesynrar Ha 00nBpUBaHETO HA PE3UCTA C EIEKTPOHH, HETOBUTE CBOWCTBA CE€ MPOMEST
nokanHo. [Ipu mocneaBamoTo My “nposisasane” B IOOXOIAI “‘nposeumen’” ¢e pa3TBAPAT WU
0o0pueHnTE MecTa (MMO3UTUBEH PE3UCT) WM HeoOTbUeHUTE MecTa (HeraTuBeH pe3uct). Taka
ce ch3laBa Macka (1mabJioH), TIPe3 OTBOPUTE HA KOSATO BIOCIEICTBHUE MOXKE JIOKAJHO JIa CE€
00paboTBa “aKTUBHUAT MaTepual Ha MOJJIoKKaTa. ToBa cTaBa WM Ype3 OTHEMaHe Ha 4acTh
OT TO3M MaTepHall TOCPEICTBOM ‘“‘eygane” WU UYpe3 A00aBsHE Ha JAPYyr MaTepual.



Enexkrtponnara suTtorpadus ©Ma HU3KIIOYUTENIHO TOJsIMAa pasfenuTeNHa CHocoOHOCT
(pe3omronusi) — TS € CIOCOOHA J1a Ch3/1aBa CTPYKTYPH C pa3MepH caMo OT HIKOJIKO HaHOMETpa
(10-15 aroma!).

Bropusat meron ce Hapuua “macouena camoopeanuzayus” (directed self assembly, DSA) na
onok-ce-nosiumepu (block co-polymers, BCP) — mnosnuMepen maTtepuai ChCTaBeH OT JBa
pa3IMYHK ChYETABAIYU CE TOMEXTY CH ToJrMepa (Ch-moJuMepH). To3u nporec CpaBHUTEITHO
OTCKOPO C€ H3IOJI3Ba 3a HOB BHUJ JuUTOrpadus c ToyisiMa pa3feiuTelIHa CIIOCOOHOCT M
MOTEHIIMAIHO BHCOKA IMPOU3BOAUTEITHOCT, HapedeHa DSA- wim BCP- nutorpadus. [Ipu Hero
BMECTO CIIOMEHATHS MO-TOpPEe PE3UCT, BHPXY MOAJIOKKATa C€ HAHACA ThHBK CIIOH OT OJIOK-Ch-
nosmmMepu. [Ipu ompenenena oOpaboTka Ha TO3W Ciol (OOMKHOBEHO TEPMHYHA), B HETO
OpOTHYAT MPOLECH Ha CaMOOpraHu3alus u “¢pazoea cenapayus” TP KOUTO JBaTa Chb-
HoJiMMepa ce OTACTAT €IUH OT JIpyr. BrociencTBue equHHAT Ch-TIOJUMEpP MOXE Aa Oble
npeMaxHaT C TOAXOJMAII pa3TBOPUTEN W 1O TO3M HAaYMH ce oOpa3yBa CIIOHTAHHO
n300pakeHue, KOeTo Hal-uecTo Hamnojo00sBa NPBCTOB OTIEYATHK, a B HAKOM Clydau € BbB
¢dopmara Ha BepTUKaIHHU HWIMHAPH (Durypa 2).

Queypa 2. /lee cnonmannu BCP uzo0bpasicenus, CHUMAHU CbC CKAHUPALW eneKmpOoHeH
muxpockon (CEM) — eonomo Hano0ob6s6aujo npbcmog omne4amnk, a Opy2omo 6b8
Gopmama na eepmuxaniu yurunopu. Pasmepvm na nunuume u moukume Ha 0geme CHUMKU e
okono 20 um.

N3obpakenusTa, mokazanu Ha ¢urypa 2, ce mojyyaBar, KOraTto OJIOK-Ch-TIOJHMEPHTE ce
HAHACAT BBPXY MOJIOKKA C TJaJKa TOBBPXHOCT. AKO o0ade BBPXY MOBBPXHOCTTA Ha
MOJIJIOKKATa CBINECTBYBAT HSAKAKBU IEBAPUTEITHO CB3/I3JCHU CTPYKTYpH, OJIOK-Ch-
MOJIMMEPUTE U3MUTBAT TAXHOTO CMYIIABAI0, OTPAaHMYABAI0 WJIM HACOYBAIIO BB3CHCTBHE
MIPU TIPOIIECUTE HA caMoopraHu3anus u ¢a3oBa cemapanus 1 Taka GopMHpaT N300pakeHMUS,
KOUTO ca TMOBJIHUSHU OT opmaTa U pa3MepuTe (TeOMETpHUsTa) Ha HAMUPAIIUTE CE BBPXY
MOBBPXHOCTTA CTPYKTYpHU. TO3M Tpolec Ha “Hacouena camoopzanusayus’ HaNOCIEIbK CE
U3I0J13Ba MHOTO MHTEH3MBHO 3a ch3fgaBaHe Ha BCP-uzoOpakenus c ompenenena ¢opma,
KOWUTO MOTAT Jla UMaT MHUPOKO TEXHOJOTUYHO MpHUiIokeHue (B durypa 3).



Quzypa 3. Iloobopra om CEM crumku na noopedenu cmpykmypu, Cb30a0eHu ¢ NOMOWMA Ha
HACOYEHA CamMoop2anu3ayus Ha OJ10K-Cb-NoaUMepU.

Crnen KpaTKOTO IPEJCTaBsSHE HA TE3W METOIU 3a HAHOCTPYKTYypUpPAHE, Y YMTATEss HaBIPHO
1€ Bh3HUKHE YMECTHHAT BhIpoc: “KakBo e Bce mak o0moTo Mexay TiX U Xanky?” buxme
MOIJIM JJa OTTOBOPUM IO cieqHus HauuH. Thil KaTo Xaliky € MHOro Kparka noetuyHa Gpopma,
TO MOXE Ja ce pasriIexija KaTo €IUH BUJA HaHO-noe3us. 3aToBa BpPb3KATA MEXIY
HAHOCTPYKTYPUPAHETO U XalKy HU CE€ CTPYBa CbBCEM €CTECTBEHA M YMECTHA M CMATaMe, 4e
XaiiKy Ou MOrJIO Ja ObJle MHOTO aTpakTHBEH OOEKT 3a AEMOHCTpPHpAHE Ha BIICYATIISIBALINTE
BB3MOXHOCTH Ha Hali-CbBPEMEHHUTE METOAM 3a HAHOCTPYKTYPUPAHE.

Taka B HACTOSIIOTO HM3CIENBAaHE C MOMOINTAa HA EIEKTPOHHA JHUTOTpadus W HETaTUBHUS
eslekTpoHeH pe3uct HSQ ca ch3ganeHn HaHOpa3sMEpHH XalKy MOEMU BBPXY MOAJIOXKKU OT
cunuiyii (Si), OCHOBHHS MaTepHall B MMPOU3BOACTBOTO Ha MUKPOEIEKTPOHHH YHITOBE, KOUTO
ca HaBCSKBJAE OKOJIO Hac. M3moin3Banu ca XallKy IOEMUHANMCaHU U NIPEBECHU Ha IIECT €31UKa
C YETHPH Pa3IMYHHU TpapuuHU CUCTEMH — AHTJIMHACKH, AMOHCKH, OBJITapCKH, WPIAHJICKH,
JaTCKM W MapaTu (eOUH OT MHAMNCKUTE €3MLM, OCHOBEH €3MK B IMara Maxapaiipa cbe
cTonuna Mymoait).

Ha ¢urypa 4 ca nokasaHu nNpuMepHU CHUMKHM Ha HaHOpPa3MEpHHU XailKy MOeMHU Ha HSKOH OT
aBTOPUTE Ha CTATHUATA, HAPABEHU ChC CKaHMpall enekTpoHeH Mukpockon (CEM). PasmepbT
Ha 1enuTe OyKBM Ha KMpHJIUIIA U JaTUHUIIA € B nopsabka Ha 200-300 HM, a Ha MapaTCKHTe,
KHTAWCKUTEe W SMOHCKUTE cuMBOIM ¢ B nuamnazoHa 500-800 um. Ilupouwmnara Ha Haii-
MaJIKUTE JIMHUH, KOUTO TH U3MHCBAT 00aue, € 0kojo 20 HM.



Queypa 4. CEM cuumxu na Hano-eepcuu Ha xatiky noemu Ha Anmoanema Hukonosa (a-c),
Hopoan I'eopeues (Q-f) u Heosiika ITanosa (9-i), koumo ca nanucanu na 6vieapcku (146a
KOJIOHA) U npesedenu Ha AH2IULICKU (CPeOHA KONOHA) U upiaHocku (0sicna konoua). Ha (j) e
NOKA3aHO XauKy om unoutickama noemeca Llpu ban Pane nanucano na mapamu, a na (K) —
nwpeume gpasu om mpu xaiixy noemu na Hopoan I'eopeueé 6 npesod na anoucki.

®urypa 4 neMOHCTpHUpa BHCOKOTO KAauyeCTBO Ha M3MUCBAHE Ha HAHO-XaWKy IOEMHUTE C
nomortura Ha EJI. He3aBucumo ot roisimara rpaguyHa cJI0XKHOCT Ha OyKBUTE U OCOOEHO Ha
CUMBOJIUTE Ha MapaTH, KUTAWCKU U SIMOHCKHU, T€ ca M3MUCAaHU TPaBUIHO M ca a00pe
pasrpaHU4eHH €IHU OT APYTH, KOETO € TPYAHO IIPU NOKAa3aHUTE MHOT'O MAJIKU pa3MeEpH.

Co3ganenute ¢ nomoinra Ha EJI HaHO-XaliKy moemu Osixa BITOCJIEICTBHE W3MOJ3BAaHU KAaTO
HACOYBAILIM CTPYKTYpU B Ipolleca Ha HACOYEHA CaMOOpraHM3allvs Ha OJIOK-Ch-TIOJHMEPH.
['maBHaTa e Ha TO3M EKCIIEPUMEHT € Ja Ce M3Cie/lBa “OTKJIMKA Ha OJIOK-Ch-IIOTMMEPUTE
Ha TeOMETPUATAa U CMUCHIA Ha HAHOCTPYKTYpHUTE XalKy, M3MHUCAHU Ha Pa3IMYHHU €3ULH C
MHOTO pa3iuyHa Tomorpadus, KaTo ce oYakBa TOBA Ja JIOBENIE /0 €BEHTyalHaTa IosiBa Ha
CIOHTaHHU “Hano-xatiea’ N300paKEHHsI OKOJIO XalKy TOEMHUTE.

3a Ta3u 1en BbPXY BeUe CTPYKTypUpaHHTe Si MOJIOKKU Oellle HAHECeH THHBK CIIOW OT
KOHKpEeTeH OJOoK-ch-monumep — monu(ctupeH)-0nok-nonu(etmien okcuna) (I1C-6-ITEO), na
aarimiicku — poly(styrene)-block-poly(ethylene oxide) (PS-b-PEO). Cnen nanacsiHero my
TO3M CJ0oi Oemie TepMUYHO OOpaboTeH, 3a Ja ce OochllecTBH (ha3oBaTa cemapauus
(pa3mensHeTO) Ha JBaTa Ch-MonmMMepa. [Ipu MmocienBamoToO MOTansHE Ha TOJIOKKUTE B
€TaHOJI 3a TMPOJBIDKUTEIIHO BpeMe, eIUHHUAT OoT Onok-ch-nonumepute (ITEO) Geme
Pa3TBOPEH, 3a Ja c€ MOA00pW BH3YAIHUSAT KOHTPACT HA TOIYYCHUTE W300paKeHHs (BIDK
Hanpumep ¢urypa 2). ITo To3u HauuH OGJIOK-CH-TIOIUMEPBT Oellle OCTaBEeH Ja B3aUMOJeicTBa
C TpenBapUTENIHO W3MHCAHUTE XalKy TIOoeMH W Ja o0pasyBa CaMOOpraHH3UpaHU
HAHOCTPYKTYpU OKolo Tsx. Hakpas Taka oOpaboreHuTe Si MOMIOXKKH Osxa MOAPOOHO
pasrnenann ¢cb¢ CEM, mpm KoeTo B JEHCTBUTENTHOCT Osixa HaAOIIOMaBaHU HWHTEPECHU
pHCYHAIIM OKOJIO HAHOPa3MEPHUTE XaiKy.



Ourypa 5 noka3Ba npumepan CEM CHUMKH Ha CTPYKTypH, O0Opa3yBaHH B pe3yiTaT Ha
B3aUMOJICCTBUETO Ha OJIOK-Ch-TIOJIMMEpPA C HAHOBEPCUUTE Ha pa3MyHU Xalky moemu. Ha
CHUMKHUTE C€ BIDKIA J00pE, Y€ B WM HEMOCPEACTBEHO OKOJIO HeporauduTe U OYKBUTE OJIOK-
Ch-TIOJIUMEPHT OPOPMS MPABU WU 3aKPBIJICHU XOPU30HTAIHU JIMHUH, CIEABAIA KOHTYPUTE
Ha CUMBOJIMTC, JOKATO U3BBH TAX IPCUMYIICCTBCHUTC CTPYKTYPH Ca BEPTHUKATIHU UITIUHAPH.
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Queypa 5. CEM cuumxu na npumepuu cCmpyKkmypu, 00pasysanu om uznoi3eanus 0J10K-cb-
nonumep 6 u okono’ (a-C) crodicHU eOUHUYHU KUMALICKU CUME0IU om Xatiky noemu Ha Hopoan
T'eopeues, npesedenu na anoncku;, (0-€) 6vreapcku 6ykeu u ¢pasu om noemu Ha Anmoarnema
Huxonosa (d) u Heosiika Ianosa (e).

I/I3CJ'ICI[B3.HCTO Ha 06pa3yBaHHTe CTPYKTYpPH OKOJIO HaHO'XaﬁKy INOEMHUTC IIOKa3BaT, Y€ KaTo
O4JI0 IIO-TOJIEMUTEC H rpa(quHo IIO-CJIOKHHUTEC KHTaﬁCKH, SATMMOHCKW W MapaTu CHUMBOJHA
OKa3BaT 110-CHUJIHO B’[>3I[CI‘/’ICTBI/IG BBPXY Iponecca Ha CaMOOpraHnu3anus Ha 6JIOK'C’B'HOJ'II/IMepa,
OTKOJIKOTO IMO-MAJIKUTE U CPABHUTCIIHO ITO-TIPOCTHU 6T)JIFapCKI/I 1 JaTUHCKH 6yKBI/I 3aroBa Io-
HHTCPCCHU W BIICHATJIABAIIA PUCYHBIH CC Ha6J'IIO,[[aBaT HUMCHHO B MU OKOJIO KHTaﬁCKHTe,
AMOHCKHU U MapaTu CUMBOJIH.

3a chKaleHue, [sJ1a HaHO-XalKy moeMa win ¢pasa Moxe 1a ce ciuma cb¢ CEM camo ako ce
U3I0JI3Ba PEKUM C HHUCKO YBEJIIMYEHHE Ha pa3Mepa Ha U300pakeHUeTo, MPH KOETO JeTaliuTe
Ha MHOIO MAJIKUTE CTPYKTYpH, (popMupaHu OT OJIOK-Ch-TIOJMMEpa He Morar jaa Obaar
paznuueHu. 3aToBa He Oere Bh3MOXKHO J1a C€ 3aCHEME M MOKaKe IMbJIHOIEHHA (11s171a) HaHO-
xaifra. Berpeku ToBa AEMOHCTPUPAHUTE TYK CTPYKTYPHU OKOJIO OTJEIHU OYKBH, AYMH WIH
yacTu OT (pa3u TmoKa3BaT, u4e OJIOK-Ch-TIOJUMEPhT HAUCTHHA B3aMMOJEHcTBa C
HaHOPAa3MEPHUTE XalKy MOeMHU U o0pa3yBa OKOJIO TSIX HEOOWYalHW PUCYHBIIM, KOUTO Omxa
MOIVIM Ja ObJaT UMHTEPHpPETHpPaHH KaTo CHOHTAHHM HAHO-Xaira, NPOBOKUPAHU OT
TornorpadusTa Ha cCaMHUTe XalKy MOEMH.

[Tokazanute TyK pe3ynraTu ca mbpBaTa JEMOHCTpAlUs Ha HAHO-XalKy M HaHO-Xaiira B cBeTa
u 0sixa MOCTUTHATH OJlarojapeHrue Ha TBOPUYECKOTO OOEIMHsIBAaHE HAa W3KYCTBO C Haid-
CHBPEMEHHHU METOJIM HAa HAHOTEXHOJIOTHUTE.



