Modernios medziagy technologijos. Nanodariniai ir jy
technologijos

lll paskaita

« Keli nano-struktdry ir dariniy pavyzdzial
« Kas vyksta Lietuvoje nano-moksle
* Bendry dalyky priminimas



Nanotepalai, nanodangos

« Mazégja trintis tarp mechanizmo daliy, oro ir vandens
pasipriesinimas. Taikoma kosmingje, karinéje technikoje,
pleCiasi taikymai ir civiliniams tikslams (grafito priedas |
tepalus seniai taikomas, nors nebuvo suvokta, kad sj tepalo
pagerejimag salygoja grafito nanodariniai).

* Applied Nanomaterials kuria nanotepaly reaktorius. Kol kas
gamina 750 gramy milteliy per dieng, konstruojamas
gigantisSkas reaktorius Rehovoto gamykloje.



Si0,-coatings based on nano-
technology Textiles

» This innovative fibre protection-product, based on Nano-Technology
protects almost any type of textile from water, dirt, contamination
and stains — whilst remaining totally invisible!

It will not affect the appearance, its ability to breath, its colour or
handle and is easy to maintain

» Nano-Care products are exceedingly water-resistant on outdoor
materials; keeping them drier longer. Qil, coffee and other frequent
stains belong to the past, if the material is treated with protective
products.
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Nanodalelés metaly technologijal

* Metaly kietumas kinta atvirkscial proporcingai
Sakniai IS J| sudaranciy kristality skersmens.
Kuo smulkesni kristalitai, tuo jis tvirtesnis.

* Nanotechnologija kuria:
— Stipresnius metalus;

— Lengvesnius kompozitus (metalas ir plastikas), ko
déka mazéja jrengimy svoris ir jie tamps
stipresniais.



Looking beyond current advanced aircraft materials
such as those used in the B-2 Stealth Bomber...

Material Density (g/cc) | Modulus (Gpa) |Strength (M pa)
High Carbon Steel 7.6 207 676
Titanium (Ti-35A) 4.5 83 241
Aluminum 2024 2.8 70 468
Carbon Fiber RP Dt 140 2505
Carbon Nanotube RP 1.2 15220
. 6 T A bk
..To Carbon Nanotube Reinforced Polymer A A
(CNRP) composites for airframes - U ﬂm- gt
e S e
— 50% lighter and 6x stronger than e e 2
current carbon fiber composnes Image via Scanning Electron Microscope

— A few possible effects on aircraft performance include reduction of
wake vortex circulation, takeoff velocity, and braking times




Impact of Nanotechnology

in Materials on Aviation

m Advances in computation, sensing, and aircraft materials
carried by innovations in nanotechnology

B Problems:

— Fabrication & Cost
Massive, parallel
production of nano-
systems evolving

g Concept Vehicle

rc.nasa.gov/PAIS/21stcentury html

— Conceptualization
Nontraditional
aircraft designs

NASA Langley Morphing Win

http:/loea la

— Integration
Air traffic control adaptation to robust flight profiles




Kas dar nejvaldyta, bet atrasta:

Molecules ring for information
Nature, Published online 13 May 2008

«  “When DRQ flips between 0, 1, 2 and 3 it rotates in a particular direction and by a
certain angle, making it perfect for processor applications,” says Bandyopadhyay.
“Our work was the first demonstration of multilevel logic in a single molecule.”

* Now the researchers have managed to arrange a ring of sixteen DRQ molecules
connected by hydrogen bonds to a central ‘control unit’ DRQ molecule (Fig. 1).



Kas vyksta Lietuvoje?

Y10 npoucxoaut B Jlnutee?

Fizikai turi gerg medziagy savybiy tyrimy baze (VU -
FF, TMI; FMTC - PFIl) — charakterizuoja bandinius is
jvairiy Saliy mokslo centruy.

VU TMI jsigijo Aixtron firmos MOCVD reaktoriy
tinkamg dariniy auginimui (mokslo ir verslo
reikmems)

Chemikai, medziagy mokslo specialistai — formuoja
pavirsius su nanodariniais, augina nanokeramikas
(VU —ChF, FMTC - Chl, VDU, KTU)

Biochemikai — sudétingi molekuliy kompleksai



VU ChF - technologijos tinkancCios nanodariniy
formavimui

Angliniy nanovamzdeliy sinteze, naudojant |vairiais bldais
paruosStus Fe, Co ir Ni katalizatorius

Nanostruktdriniy angliniy dangy sintezeé
Kombinatoriniy biblioteky, sudaryty is angliniy
nanostrukttry, sinteze
Tinka biosensoriams, pH - matuokliams

MOCVD ir aerozoliy pirolizé, funkciniy oksidiniy sluoksniy ir
daugiasluoksniy sandary sinteze, tyrimai ir pritaikymai
Sukurtas (kartu su LMGP, INPG, Grenoblis) naujas metodas
oksidy sluoksniy nusodinimui - impulsinis injekcinis MOCVD



http://www.chf.vu.lt/MOCVD/ref/refa.htm

VU ChF - technologijos tinkancCios nanodariniy
formavimui

Sol - gel synthesis.

Synthesis of boron clusters-carborans;

NanoBioPolymerai

Polimery nanostruktlry formavimas

Biologiniai zymenys

Koloidiniy tirpaly ir tarpfaziniy virsmy chemija
nanotechnologijoms.

Elektrai laidziy ir elektrochemiskai aktyviy polimery tyrimas;

Elektrokatalizés reiskiniy, vykstanciy ant elektrody, modifikuoty
laidziaisiais polimerais ir neorganiniais kompleksais, tyrimas;

Pavirsiumi sustiprinta ir rezonansiné spektroelektrochemija



VU PFK ir TMI

Nitridiniy puslaidininkiy optines savybes
Kietakunis apsvietimas
Organiniy puslaidininkiy optinés savybes

Puslaidininkiniy nanokristaly fotoliuminescencija ir
optiniai netiesiskumai

Puslaidininkiniy nanodariniy formavimas, greitos
kravininky dinamikos tyrimai, dvimaciy fotonlnlq
kristaly formavimas ir jy optiniy savybiy tyrimai

Fulereny ekstrakcija ir plonyjy vamzdeliy bei
sluoksniy formavimas iS gamtiniy anglies junginiy
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A.Zukausko ir bendraautoriy
monografija kiny kalba.




mg kg

VU TMI Bendri darbai su LSDI
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Sviesos diodai zemdirbystés tarnyboje.

Lettuce Lettuce (peat) M arjoram Green onion
(hydroponics)




VU TMI kartu su KTU chemikais
Cheminiy ir biologiniy objekty liuminesc .

atpazinimas o SR

(Prof. S.Jurséno grupée,)

Saviorganizacijos bldu dviejy skyscCiy
sanduroje suformuotos organinés
nanodalelés.

Sios nanodalelés gali bati pritaikomos
fluorescenciniame jutiklyje jvairiy organiniy
tirpikliy gary aptikimui.

Tripletiniy spinduoliy, sudaryty i$ nasiy
iridzio splndullnlq centry ir papildomy kravio
pernasos grupiy, fosforescencija.

Nuotraukoje matyti, kad tirpalas su tuo paciu
spinduoliu uzsandarintoje ampuléje i$ kurios
pasSalintas deguonis fosforescuoja deSimtis karty
stiprivau nei tirpalas prisotintas deguonies.

Siy spinduoliy pagrindu yra kuriami

N n rams jutiklis fluorescuoja ryskia zalia Sviesa b el A A )
e “E)g,\?’ %Ussejna o atsiradus gjara%s fluorescencija  fosforescenciniai organiniai Sviesos diodai.

uzgesta — “OFF” blsena.




Modeliavimas (doc.E.Zasinas): V6 deffect electronic and lattice structure;
atomo migracija kristalo pavirsSiuje

The 6 vacancies ring (V6 ) was modeled by embedding such a defect into periodic
64 Silicon atoms supercell. To calculate a total energy of the atomic system, its
relaxation and energy bands we applied density functional theory.

Ideal bulk positions of Si ions (cyan)
and 6 vacancies (represented by
magenta spheres) forming a ring.
(Magenta spheres and their links
to Si ions are only for demonstration

purpose.)




Sios mokyklos tradicijas Zenkliai
-nletgja kelios mokslinés grupes:

Prof. Arvydas Matulionis tesdamas a.a.

prof. V.Bareikio pradétus darbus sukiré
originalig pasaulyje pripazintg
metodikg puslaidininkiams ir jy
dariniams tirti panaudojant auksto
daznio triuksmy spektroskopija.
Tai ne tik tyrimy metodas, bet ir
kelias, kuriuo einant teikiamos
rekomendacijos optimizuoti
puslaidininkinius darinius.

Monografija H. L. Hartnagel, R. Katilius, A. Matulionis. Microwave Noise in
Semiconductor Devices, John Wiley and Sons, New Jersey, 2001, 300 psil.



Pikosekundiné elektronika ir
FTMC — PF] terahercai

Prof. A.Krotkus tesdamas a.a. T.Lideikio pradétus puslaidininkiniy dariniy
auginimo technologijos darbus sukuré optoelektroninius
prietaisus pasizymincius isskirtiniu mazu inertiSkumu — jau
matuojamu femtosekundémis (~70 fs, t.y. 7 1014 s).

Tokie spartds vyksmai puslaidininkiuose leidzia generuoti terahercines
mikrobangas, kas tampa aktualu jvairiuose
biomedicininiuose taikymuose. B———




Naujos puslaidininkiy parametry (kristaluose ir nanodariniuose)
matavimo metodikos — dinaminés gardelés
VU TMI prof. K.Jarasitno grupé

A=2+10pum A=02+04pum

L2
2 1, L g2

Pump beam: ho>E, % ) Probe beam: Probe beam:
Probe beam: hu<E, I,. s-orp-polarization s- or p- polarization

Metodikg placiai zinoma pasaulyje, pilna stazuotojy is kity Saliy




Radiaciniai defektai — nanosandaros
radiacijos monitoringui vu

Sukurta originali kravininky gyvavimo trukmés matavimo jranga
Atrasta, kad kravininky rekombinacijos sparta tiesiai proporcinga apsvitai

hadronais

Habil. Dr. E.Gaubo mokslinés grupés darbo rezultatas
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Pradedamas CERN’e projektas AIDA, kuriame mums suformuluota uzduotis: sukurti
alternatyvig radiacijos monitoringo sistemg CERN’e



Iranga nanodariniy technologijai -
Saulétekio slényje — prasideda naujas
proverzis mokslul ir verslul

VU TMI, FMTC PFI

b &

Dr.A.Kadys ir dr. T. Malinauskas valdo
MOCVD reaktoriy.

Dr. R. Butkuté ir naujasis
MBE jrenginys.



Nanotechnologijy jtakg pajaus ar jau jaucia:

IR TAIP TOLIAU

Transportas -

Konstrukcinés medziagos -
Elektronika, kompiuteriai -
Higienos priemon¢s, kosmetika -
Rysiy technika 1
Duomeny bazés



Priminimas bendriausiy dalyky:



Kaip pamatyti nanodaleles?

Didelés skyros persviecCianciu elektroniniu mikroskopu, o taip pat ir:
naujo tipo mikroskopais:

Control voltages for piezotube

with electrodes

Tunneling Distance control
current amplifier  and scanning unit

Piezoelectric tube

| /Tip

/ v

|Sample ap—

1 oy
Tunneling T—
voltage

Data processing
and display

Skenuojantis tunelinis mikroskopas Atominés jégos mikroskopas



Link nanodariniy: kinta kravininky sklaida, jy pernasa
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Kinta banginés funkcijos
Sidabro ir aukso klasteriai

Hannu Hakkinen PRL
93, 093401, 2004
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Kinta cheminés savybés

Kvadratiné aibé

square raft

~ Tetraedras tetrahedron

MgO (100) MgO (100)

® O-°  JOK
Ir atom O atom ‘Mg atom

Ir atomas O atomas Mg atomas




Defektal — nanodariniai kristale
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 Different orientation surface has different properties (e.g., the
possibility to migrate of deposited atoms. It is used for single
electron devices technology);

« At the surface, due to a break of symmetry, the dangling bonds
appear, and as a consequence, the reconstruction and relaxation of
surface create the material layer with rather different properties.

« The vacancy has the same dangling bonds and the break of
symmetry, only the result is more complicated due to the 3D case.



The dangling bond healing

The passive foreign atom that likes to have filled orbitals: H (s) and F (p)
can find the dangling bond and to change its level energy!

It is demonstrated in a-Si,
and this effect has
opened the future of a-Si
in Solar energy.

Engrm

It exist only “small” problem, especially in bulk
crystals: how to insert H or F into the sample
bulk ! (Diffusion — thermal treatment in the plasma,
implantation)




Nanolygmenyje galima valdyti

Self-organization of complex molecules on a
functionalized Ni surface

Ni (110) 2x1 - oxygen

Hexaphenyl




Kuriasi naujos mokslo ir taikymy sritys

BIOMOLECULES IN ICE NANOLAYERS

Study of Atomic- and Molecular-Level
Interaction of Amino-acids and
Condensed Water

“The Surface Science Approach”

Model Study of Relevance for:
-Biocompatibility
-Biosensors Materials

-Immobilisation of Biomolecules

ICE/ASW
-Enviromental Biochemistry OXIDE

- Atmospheric Chemistry




Sékmeés egzamine !
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