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Nazov pracoviska, na ktorom bol projekt rieSeny

Fyzikalny ustav Slovenskej akadémie vied, Dubravska cesta 9, 84511 Bratislava,
Slovensko.

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

1) Institute for Theoretical Physics, University of Regensburg, 93040 Regensburg, Germany,
2) Department of Physics, North Carolina State University, Raleigh, North Carolina 27695-
8202, USA,

3) Department of Applied Physics, Osaka University, Yamada-oka 2-1, Suita 565-0871,
Japan,

4) Institute for Applied Physics, Justus-Liebig-Universit[at, 35392 Giessen, Germany,

5) Ustav informatiky Slovenskej akadémie vied, 845 07 Bratislava, Slovensko,

6) Fakulta prirodnych vied, Univerzita sv. Cyrila and Metoda, 917 01 Trnava, Slovensko.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Ziadne, projekt zakladného vyskumu.

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved’te aj publikacie prijaté do tlace

- T. Frank, R. Derian, K. Tokar, L. Mitas, J. Fabian, and I. Stich,

Many-Body Quantum Monte Carlo Study of 2D Materials: Cohesion and Band Gap in
Single-Layer Phosphorene,

Phys. Rev. X 9, 011018 (2019).

- Y. Adachi, H. F. Wen, Q. Zhang, M. Miyazaki, Y. Sugawara, H. Sang, J. Brndiar, L.
Kantorovich, I. Stich, Y.J. Li,

Tip-Induced Control of Charge and Molecular Bonding of Oxygen Atoms on the Rutile TiO2
(110) Surface with Atomic Force Microscopy.

ACS Nano 13, 6917-6924 (2019) (IF 2018: 13.709).

- Y. Naitoh, R. Turansky, J. Brndiar, Y.J. Li, I. Stich, and Y. Sugawara,

Subatomic-scale force vector mapping above a Ge(001) dimer using bimodal atomic force
microscopy,

Nat. Phys. 13, 663 (2017).

- Q. Zhang, Y.J. Li, H. F. Wen, Y. Adachi, M. Miyazaki, Y. Sugawara, R. Xu, Z. H. Cheng, J.
Brndiar, L. Kantorovich, and I. Stich,

Measurement and Manipulation of the Charge State of an Adsorbed Oxygen Adatom on the
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Rutile TiO2(110)-1x1 Surface by nc-AFM and KPFM,

J. Am. Chem. Soc. 140, 15668 (2018).

- D. Dietzel, J. Brndiar, . Stich, and A. Schirmeisen,

Limitations of Structural Superlubricity: Chemical Bonds versus Contact Size,
ACS Nano 11, 7642 (2017).

Uplatnenie vysledkov projektu

Jedna sa o projekt zakladného vyskumu, a preto vysledky projektu prispievaju najma k
"databaze" poznatkov o 2D a im pribuznym materialom. Za najvacsi prinos projektu
pokladame vypracovanie konzistentnych a velmi presnych metéd kvantového Monte Carla
(T. Frank, R. Derian, K. Tokar, L. Mitas, J. Fabian, and I. Stich, Phys. Rev. X 9, 011018
(2019)), ktoré umozriuju spocitat’ vSetky dolezité parametre na interpretaciu
experimentalnych vysledkov (quasiparticle gap, optical gap, exciton binding energy) resp.
posudit presnost zjednodusenych modelov, v€itane DFT a GW/BSE metdd. Nami vyvinuté
metddy davaju velmi potrebnt moznost objektivizovat mnohé roztrusené a Casto si
odporujuce experimentalne vysledky. Tieto poznatky v su€asnosti pouzivame pri Studiu
efektu deformacie (strainu) na elektronové vlastnosti 2D materialov ako jednej z viacerych
moznosti funkcionalizacie 2D materialov. Zaginame tiez projekt ultra presnych vypoctov
interak&nych energii a medzivrstvovych vzdialenosti 2D van der Waalsovych multivrstiev a
heterovrstiev. Dal$im krokom, odvijatcin sa od expertizy ziskanej v tomto projekte bude
zakomponovanie efektu podlozky (dielecttric embedding) do efektivneho Hamiltonianu.
Tieto poznatky a metédy, ktoré sme vyvinuli vyrazne posuvaju moznosti Studia, poznania a
porozumenia 2D materialov a prispievaju k ich schopnosti prispiet k revolucii v technike po
revolucii vo vede, ktoru uz privodili.

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

Kru€ovym ciefom projektu bolo Studium elektrénovych a fonénovych vlastnosti 2D
materialov pouzitim ultra presnych mnoho-&asticovych stochastickych metéd kvantového
Monte Carla. Hlavnou motivaciou bolo mnozstvo experimentalnych vysledkov pre zdanlivo
rovnaky 2D material, ktoré sa netrivialne liSili. Prikladom su napr. experimentalne Sirky
zakazanych pasov, ktoré vykazuju rozptyl v rade 1 eV! Tento rozptyl sa €iastoéne podarilo
vysvetlit ako dosledok experimentov prevadzanych na velmi rozdielnych vzorkach,
spbésobenych pouzitim vzoriek na réznych substratoch, ktoré vytvaraju rézny ,dielektricky
embedding®, réznej citlivosti experimentalnych technik na pritomnost defektov (napr.
fotoluminiscencia a opticka absorbcia), atd. Aj z tohto dévodu predstavuje nova metdda
konzistentného vypoctu vSetkych délezitych parametrov na interpretaciu experimentalnych
vysledkov (quasiparticle gap, optical gap, exciton binding energy), ktoru sme vyvinuli (T.
Frank, R. Derian, K. Tokar, L. Mitas, J. Fabian, and I. Stich, Phys. Rev. X 9, 011018 (2019))
dolezity medznik v racionalizacii elektronovych vlastnosti 2D systémov a etalon ultra
presnych vypoctov na idealnych systémoch bez defektov, pritomnosti dielektrik, atd'.
Projekt tiez predpokladal intenzivnu spolupracu experimentom (Osaka University, Justus
Liebig University Giessen) a jeho podporu. Tuto €ast projektu viedla tiez k viacerym
experimentalne-teoretickym pracam na suvisiacich systémoch, ktoré boli publikované v
Casopisoch s najvysSimi impakt faktormi, ako napr. Nat. Phys., ACS Nano, Nano Lett., J.
Am. Chem. Soc. Kvalitu vedeckych vystupov projektu pod€iarkuje aj akumulovany impakt
faktor 104.82 publikacii vytvorenych v projekte.

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

The key objective of the project was study of electronic and vibrational properties of 2D
materials using ultra accurate many-body stochastic Monte Carlo methods. The motivation
for our effort was number of scattered experimental results for seemingly identical 2D
systems which exhibited nontrivial differences. One single example being experimental band
gaps which show differences of the order of 1 eV! This scatter was explained, in part, by
differences in the experimental samples which were prepared on a variety of substrates
which create different dielectric embedding, different experimental sensitivity to defects (e.g.
photoluminiscence and optical absorption), etc. This was one reason why the new method
of computing of all key parameters for interpretation of experimental results (quasiparticle
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gap, optical gap, exciton binding energy) which we have developed (T. Frank, R. Derian, K.
Tokar, L. Mitas, J. Fabian, and I. Stich, Phys. Rev. X 9, 011018 (2019)) represents an
important milestone in rationalization of electronic properties of 2D systems and etalon of
ultra accurate modeling of ideal systems free of defects and dielectric embedding, etc.

The project foresaw also intense experiment-theory collaboration (Osaka University, Justus
Liebig University Giessen) and experimental backup. This part of project also led to several
experimental-theory publications on related systems which appeared in journals with highest
impact factors, such as Nat. Phys., ACS Nano, Nano Lett., J. Am. Chem. Soc. The quality
of scientific results is corroborated also by cumulative impact factor of 104.82 of the project
publications
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