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Uplatnenie vysledkov projektu

Jedna sa o vysledky zakladného vyskumu, napr. vac¢sina vysledkov sa tyka UHV podmienok,
a preto ich primarny vyznam je najma v budovani poznatkovej zakladne vedomostnej
ekonomiky v oblasti nanotechnoldgii. Jedna East vysledkov je z obalsti nanotribologie, ktora
je délezita v oblasti mechaniky na nanoskale, NEMS, MEMS, atd. Druha €ast vysledkov sa
tyka NC AFM mikroskdpie a jej vyuzitia pre zobrazovanie a manipulaciu na nanoskale.
Dosiahli sme jeden prakticky vysledok, ktory zaru€uje identifikaciu a modifikaciu asperity na
hrote kontrolovanym spdsobom pred aj po¢as manipulacie. Informacia o nanoasperite, ktorou
je hrot terminovany je totiz nevyhnutna pre aplikacie v nanotechnolégii, kontrolovanej
manipulacii atdmov a molekul na povrchoch, budovani nanozariadeni, atd. Ukazuje sa v3ak,
Ze zatial neexistuje robustny protokol, ktory by zaru€oval pozadovanu terminaciu hrotu.
Navrhli sme preto protokol, tzv. ,chemical fingerprinting®“, ktory zarucuje identifikaciu a
modifikaciu asperity na hrote kontrolovanym spésobom pred aj poCas manipulacie. Na tento
ucel sme pouzili systém kyslikom terminovaného povrchu Cu(110)c(6x2).

CHARAKTERISTIKA VYSLEDKOV

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Do projektu NANOPARMA FU SAV a skupina prof. Sticha zabezpe&ovala poéitacové
simulacie laboratérnych experimentov v oblasti atomarnej silovej mikroskopie (AFM).
Simulovali sa dva re€imy: (a) kontaktny méd (nanotriboldgia) a (b) bezkontaktny méd
(zobrazovanie a nanomanipulacia). V (a) sme objasnili na atomarnej Skale podstatu troch
separovanych frikénych rezimov pre nanocastice antiménu manipulované na HOPG ((1)
zanedbatelné trenie, (2) normalne trenie- sila trenia rastie lienarne s kontaktnou plochou
nanocastice a (3) trenie za ambientnych podmienok- sila trenia rastie lienarne s kontaktnou
plochou nanocastice pri€om sila trenia je o rad vacsia). Simulacie ukazali, Zze pocet frikénych
vetviev moze byt aj mensi ako 3. Detailne sme sa tiez zaoberali popisom van der
Waalsovskych rozhrani metédami tedrie hustotového hunkcionalu s pribliznym popisom
disperznych interakcii. V (b) sme Studovali mechanizmus inevrzie kontrastu v NC AFM
povrchu Cu(111) a ukazali sme, Ze tento jav suvisi s neobvyklou stabilitou nanoprechodu
hrot-vzorka v medi na rozdiel napr. od zlata alebo hliniku. Detailne sme Studovali
zobrazovanie systému kyslikom terminovaného povrchu Cu(111)c(6x2) a ukazali, Zze obraz
vznika presne opacnym spdsobom, nez ako to bolo predpokladané len na zaklade
experimentu. S pouzitim tohto systému sme navrhli novy protokol, tzv. ,chemical
fingerprinting®, ktory zaru€uje identifikaciu a modifikaciu asperity na hrote kontrolovanym
spésobom pred aj po€as manipulacie. Tato informacia a schopnost modifikacie je klu¢ova pre
pouzitie NC AFM mikroskopie v nanotechnoldgiach.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

In the project NANOPARMA Institute of Physics and the group of Prof. Stich were in charge of
computer simulations of laboratory experiments in the field of Atomic Force Microscopy. Two
regimes have been simulated: (a) contact mode (nanotribology) and (b) noncontact mode
(imaging and manipulation). in (a) we have clarified on atomic scale the mechanism of three
clearly separated friction braches in antimony nanoparticles manipulated on HOPG ((1)
vanishing friction, (2) normal frictions with friction force scaling linearly with the contact area of
the nanoparticle, and (3) ambient conditions- friction scales linearly with contact area but with
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friction forces an order of magnitude larger). Simulations have shown that the number of
friction branches may also be smaller than 3. We have also studied in detail description of van
der Waals interfaces using DFT methods with with approximate treatment of dispersion
forces. In (b) we have studied mechanism of the contrast reversal in NC AFM imaging of
Cu(111) surface. We have shown that this effect arises due to the unusual stability of the
apex-substrate nanojuction in copper, an effect absent from e.g. gold or aluminum. We have
also studied NC AFM imaging of the oxygen terminated Cu(111)c(6x2) surface and showed
that the mechanism of image formation is completely opposite to what was concluded from
the experimental evidence only. Using this system we have proposed a new protocol, the so-
called "chemical fingerprinting", which guaratees identification and a controlled modification of
the tip apex before and during manipulation. This information and ability of modificatioon is
crucial for use of NC AFM microscopy in hanotechnologies.
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Svojim podpisom potvrdzujem, Ze udaje uvedené v zaverecnej karte su pravdivé a uplné
a suhlasim s ich zverejnenim.

Zodpovedny rieSitel Statutarny zastupca prijemcu
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