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1. Spdsob vyroby ostrych Struktur alebo poli ostrych Struktur z chalkogenidovych skiel, €islo
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Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

1. Shylenko O., Bilanych V., Feher A., Rizak V., Komanicky V. Evaluation of sensitivity of
Ge9As9Se82 and Ge16As24Se60 thin films to irradiation with electron beam, Journal of
Non-crystalline Solids, (2019), 505, 37-42. IF = 3.15

2. Latyshev, V., Shylenko, O., Bilanych, V., Stamenkovic, V., Rizak, V., Feher, A,,
Kovalcikova, A., Komanicky, V. Turning Catalysts on by Light-Induced Stress: When Red
Means Go., ChemElectroChem. (2019), 13, 3264. IF = 4.154

3. Latyshev, V., Vorobiov, S., Shylenko, O., Komanicky, V., Screening of electrocatalysts for
hydrogen evolution reaction using bipolar electrodes fabricated by composition gradient
magnetron sputtering. Journal of Electroanalytical Chemistry, (2019), 854, Ne 113562. IF =
3.82

4. Kawaguchi, T., Cha, W., Latyshev, V., Vorobiov, S., Komanicky, V., You, H., Study of the
Internal Compositions of Binary Alloy Pd-Rh Nanoparticles by Using Bragg Coherent
Diffraction Imaging. Journal of the Korean Physical Society (2019), 75 (7), pp. 528-533. IF =
0.649

5. Kozejova, M., Latyshev, V., Kavecansky, V., You, H., Vorobiov, S., Kovalcikova, A,
Komanicky, V., Evaluation of hydrogen evolution reaction activity of molybdenum nitride thin
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films on their nitrogen content. Electrochimica Acta, (2019) 315, pp. 9-16. IF = 6.215

6. Vorobiov, S., Tomasova, D., Girman, V., You, H., Cizmar, E., Orenda¢, M., Komanicky,
V., Optimization of the magnetocaloric effect in arrays of Ni3Pt nanomagnets. Journal of
Magnetism and Magnetic Materials, (2019), 474, pp. 63-69.2. IF = 2.993

7. Shylenko, O., Bilanych, B., Bilanych, V., Latyshev, V., Saksl, K., Molcanova, Z, ... &
Komanicky, V. Investigation of structural changes in AsxSe100-x amorphous thin films after
electron beam irradiation with XAFS, XANES and Kelvin force microscopy. Applied Surface
Science, (2020), 530, 147266. IF =6.182

8. Revutska, L., Shylenko, O., Stronski, A., Komanicky, V., & Bilanych, V. Electron-beam
recording of surface structures on As-S-Se chalcogenide thin films. Physics and Chemistry
of Solid State, (2020), 21(1), 146-150. IF = 0.59

9. Bilanych, B. V., Shylenko, O., Latyshev, V. M,, Feher, A., Bilanych, V. S., Rizak, V. M., &
Komanicky, V. Interaction of Chalcogenide As4Se96 Films with Electron Beam When Used
as Electronic Resists. Ukrainian Journal of Physics, (2020), 65(3), 247-247. IF =0.59

10. Latyshev, V., You, H., Kovalcikova, A., & Komanicky, V. Enhancing catalytic activity of
rhodium towards methanol electro-oxidation in both acidic and alkaline media by alloying
with iron. Electrochimica Acta, (2020). 330, 135178. IF = 6.125

11. Hashim, H., Kozhaev, M., Kapralov, P., Panina, L., Belotelov, V., ViSova, |, ... &
Komanicky, V. Controlling the Transverse Magneto-Optical Kerr Effectin Cr/NiFe Bilayer
Thin Films by Changing the Thicknesses of the Cr Layer. Nanomaterials, (2020), 10(2), 256.
IF =4.324

12. Latyshev, V., Vorobiov, S., Shylenko, O., & Komanicky, V. Fabrication of combinatorial
material libraries by flow cell electrodeposition technique. Materials Letters, (2020), 281,
128594. IF = 3.204

13. Vorobiov, S., Stropkai, B., Kozejova, M., Tkach, O., Latyshev, V., Cizmar, E., ... &
Komanicky, V. Magnetothermal Properties of Mesoscopic System Based on Ni3Pt
Nanoparticle. Acta Physica Polonica, A., (2020), 137(5). IF = 0.651

14. Dobrozhan, O., Vorobiov, S., Kurbatov, D., Balaz, M., Kolesnyk, M., Diachenko, O., ... &
Opanasyuk, A. (2020). Structural properties and chemical composition of ZnO films
deposited onto flexible substrates by spraying polyol mediated nanoinks. Superlattices and
Microstructures, 140, 106455. IF = 2.36

15. Shpetnyi, I. O., Vorobiov, S. |., Kondrakhova, D. M., Shevchenko, M. S., Duplik, L. V.,
Panina, L. V., ... & Lucinski, T. Correlation between the structural state and
magnetoresistive properties of granular CoxAg100-x alloy thin films. Vacuum, (2020),
109329. IF = 2.906

16. Vorobiov, S., Stropkai, B., Kozejova, M., Tkach, O., Latyshev, V., Cizmar,E., ... &
Komanicky, V. Magnetothermal Properties of Mesoscopic System Based on Ni3Pt
Nanoparticle. Acta Physica Polonica, A., (2020), 137(5). IF = 0.651

17. Dobrozhan, O., Pshenychnyi, R., Vorobiov, S., Kurbatov, D., Komanicky, V., &
Opanasyuk, A. Influence of the thermal annealing on the morphological and structural
properties of ZnO films deposited onto polyimide substrates by ink-jet printing. SN Applied
Sciences, (2020), 2(3), 365. IF = 2.679

18. Kawaguchi T., Komanicky V., Latyshev V. et .al Electrochemically Induced Strain
Evolution in Pt—Ni Alloy Nanoparticles Observed by Bragg Coherent Diffraction Imaging
Nano Lett. (2021), 21, 14, 5945 -5951. IF =11.62

19. Latyshev V., Vorobiov S., Bodnarova R., Shylenko O., Lisnichuk M., Kovalcikova A.,
Gregor M., Komanicky V., IrRe-IrOx electrocatalysts derived from electrochemically oxidized
IrRe thin films for efficient acidic oxygen evolution reaction Electrochimica Acta (2021),
398,139248. IF =6.901

20. Vorobiov S., O. Pylypenko, Bereznyak Yu., Pazukha I., CizmarE., Orenda¢ M,
Komanicky V. Magnetic properties, magnetoresistive, and magnetocaloric effects of
AICrFeCoNiCu thin- film high- entropy alloys prepared by the co- evaporation technique
Applied Physics A (2021) 127:179 IF = 2.58

21. Lofaj F., Kabatova M., BureS R. Transfer layer evolution during friction in HIPIMS W-C
coatings Wear (2021), 486-487, 204123. IF = 3.892

22. F. Lofaj, H.Tanaka, R.Bure$ , Y. Sawae, M. Kabatova, K. Fukuda The effect of humidity
on friction behavior of hydrogenated HIPIMS W-C: H coatings Surface & Coatings
Technology (2021), 428, 127899. IF=4.16

23. Bilanych, V. S., Shylenko, O., Lytvyn, P. M., Bilanych, V. V., Rizak, V., Feher, A.,
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Komanicky, V. Electron-induced effects in Ge-Se films studied by kelvin probe force
microscopy. Journal of Non-Crystalline Solids, (2023), 601, 121964. IF = 3.53

24. Pop, M., Bilanych, V., Komanicky, V., Nebola, I., Solomon, A., Kop&ansky, P.,
Studenyak, I. P. Materials for optical senzors of x-ray irradiation based on (GaxIn1-x)2Se3
films. Ukrainian Journal of Physics, (2022), 67(9), 684. IF = 0.84

25. Kakherskyi, S. I., Dobrozhan, O. A., Pshenychnyi, R. M., Vorobiov, S. I., Havryliuk, Y.
0., Komanicky, V., Plotnikov, S.V. Opanasyuk, A. S. Influence of low-temperature annealing
on the structure and chemical composition of Cu2ZnSnS4 films deposed on flexible
polyimide substrates. Materials Science, (2022), 57(4) 572. IF =4.22

26. Lofaj F., Bures R., Kabatova M., Tanaka H., Sawae Y. Modelling of tribo-chemical
reactions in HIPIMS W-C:H coatings during friction in different environments. Surface &
Coatings Technology, (2022), 434, 128238. IF = 4.82

27. Lofaj F., Bures R., Kabatova M., Tanaka H., Sawae Y. Tribochemistry of transfer layer
evolution during friction in HIPIMS W-C and W-C:H coatings in humid oxidizing and dry inert
atmospheres. Coatings, (2022), 12, 493. IF =3.12

Uplatnenie vysledkov projektu

Zistili sme, Zze velmi citlivé skla je mozné vyuzit ako rezisty pre pozitivhu a negativnu
litografiu elektronovym zvazkom. Boli pripravené nové Struktury ktoré je mozné vyuzit’ pri
priprave ochrannych znamok. Ak priklad boli pripravené loga pre Uzhhorod National
University. Tieto vysledky boli uverejnené v pracach (Revutska, L., et al. Electron-beam
recording of surface structures on As-S-Se chalcogenide thin films. Physics and Chemistry
of Solid State, (2020), 21(1), 146-150. IF = 0.59; Bilanych B. V. et al. Interaction of
Chalcogenide As4Se96 Films with Electron Beam When Used as Electronic Resists.
Ukrainian Journal of Physics, (2020), 65(3), 247-247. IF = 0.59)

Objavili sme nové systémy ktoré je mozné vyuzit' na pripravu Struktur s tzv. vysokym aspect
ratio pre aplikacia v nanoemiteroch a vyrobe sond pre rastrovacie sondové mikroskopie.
Tento objav vyustil do patentovej prihlasky (Komanicky V., Shylenko O., Latyshev V., Feher
A., Bilanych V., Rizak V., Stronski A., Revutska L. Spésob vyroby ostrych Struktar alebo poli
ostrych Struktur z chalkogenidovych skiel, Cislo prihlaSky PP50059-2022).

Dalej sme objavili, Ze ak sa na povrch chalkogenidovej tenkej vrstvy nanesie klasicky rezist
a takato dvojvrstva sa oziari elektronmi, je mozné v jednom kroku modifikovat' nielen
klasicky rezist ale aj vrstvu chalkogenidu pod nim. Tuto vlastnost je mozné vyuzit v
technogiach pre pripravu komponentov pre infracervenu mikroopriku a nanooptiku.
Predmetny objav vyustil do podania prihlasky uzitkového vzoru (Komanicky V., Shylenko O.,
Latyshev V., Vorobiov S. Spdsob vyroby Struktury vo vrstve chalkogenidového skla a
mikroreliéfna Struktura vyrobena tymto spésobom, €islo prihlaSky PUV50086-2022)

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)

Objavili sme, Ze elektricka vodivost skla ma velmi vyznamnu ulohu v citlivosti na oziarenie
elektronovym zvazkom. (O. Shylenko, et al. Evaluation of sensitivity of Ge9As9Se82 and
Ge16As24Se60 thin films to irradiation with electron beam, Journal of Non-crystalline Solids,
2019, 505, 37-42. IF = 3.15) Analyza dat ziskanych na synchrotréne metodami XAFS a
XANES poukazuje na to, ze dochadza ku kumulécii a perzistencii naboja vo vzorkach po
oziareni elektrénmi a v systémoch bohatych na selén je deponovany naboj kumulovany na
arzéne. Bol navrhnuty mikroskopicky model. (Shylenko et al. Applied Surface Science,
2020, 530, 147266. IF = 6.182) Zistili sme tiez, Ze presun materialu poCas interakcie s
elektronovym zvazkom mozno korelovat' s intenzitou a gradientom elektrického pofla, ktoré
vznika pri kumulacii naboja v tenkych vrstvach ChG skiel. Mapovali sme elektricky
povrchovy potencial pomocou KFM mikroskopie a boli vypracované mikroskopické modely
zobrazujuce presun hmoty v zavislosti od potencialu. (Bilanych, V. S Electron-induced
effects in Ge-Se films studied by kelvin probe force microscopy. Journal of Non-Crystalline
Solids, (2023), 601, 121964. IF = 3.53.). Boli realizované experimenty, pri ktorych sme
ozarovali skla Eervenym a zelenym laserom, ktoré boli pokryty tenkymi vrstvami kovov s
katalytickymi vlastnostami. Zistili sme Ze je mozné insitu generovat’ pnutie vo vrchnej
kovovej vrstve oziarenim vrstvy chalkogenidu pod fiou. Zistili sme, Ze takto je mozné zvysit
rychlost niektorych katalytickych reakcii. (Latyshev et al. Turning Catalysts on by Light-
Induced Stress: When Red Means Go. ChemElectroChem. 2019, 13, 3264. IF =4.154)V
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nadvaznosti na objaveny efekt sme Studovali aj velkost pnutia v nanoCasticiach kovov
pomocou pokrocilych mikroskopickych metodik na synchrotréne. (T. Kawaguchi et al.
Electrochemically Induced Strain Evolution in Pt—Ni Alloy Nanoparticles Observed by Bragg
Coherent Diffraction Imaging Nano Lett. (2021), 21, 14, 5945 -5951. IF = 11.62). Zistili sme,
ze velmi citlivé skla je mozné vyuzit ako rezisty pre pozitivnu a negativnu litografiu
elektronovym zvazkom. Boli pripravené nové Struktury ktoré je mozné vyuzit' pri priprave
ochrannych znamok. Objavili sme nové systémy ktoré je mozné vyuzit’ na pripravu Struktar s
tzv. vysokym aspect ratio pre aplikacia v nanoemiteroch a vyrobe sénd pre rastrovacie
sondové mikroskopie.(Komanicky V., Shylenko O., Latyshev V., Feher A., Bilanych V.,
Rizak V., Stronski A., Revutska L. Spbsob vyroby ostrych Struktur alebo poli ostrych Struktar
z chalkogenidovych skiel, Cislo prihlasky PP50059-2022). Dalej sme objavili, Ze ak sa na
povrch chalkogenidovej tenkej vrstvy nanesie klasicky rezist a takato dvojvrstva sa ozZiari
elektronmi, je mozné v jednom kroku modifikovat' nielen klasicky rezist ale aj vrstvu
chalkogenidu pod nim. Tuto vlastnost’ je mozné vyuzit v technogiach pre pripravu
komponentov pre infratervenu mikroopriku a nanooptiku. Predmetny objav vyustil do
podania prihlasky uzitkového vzoru (Komanicky V., Shylenko O., Latyshev V., Vorobiov S.
Spbdsob vyroby Struktury vo vrstve chalkogenidového skla a mikroreliéfna Struktura vyrobena
tymto spésobom, Cislo prihlasky PUV50086-2022).

V ramci projektu bolo publikovanych 54 pévodnych prac z ktorych 27 vySlo v zahrani¢nych
Casopisoch indexovanych v current contents databazach a 27 prac v recenzovanych a
nerecezovanych ¢asopisoch a zbornikoch doma a zahranici. Na tieto prace bolo do dnes
zaznamenanych 78 ohlasov. Boli podané dve prihlasky na Slovensky patentovy urad. Pre
porovnanie sme Vv projekte pévodne planovali 8 prac v zahrani¢nych ¢asopisoch
indexovanych v current contents databazach, 8 prac v recenzovanych a nerecezovanych
Casopisoch a zbornikoch doma a zahranici a 0 citacii.

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

We have found that the electrical conductivity of a glass plays a very important role in the
sensitivity to electron beam irradiation. (O. Shylenko, et al. Evaluation of sensitivity of
Ge9As9Se82 and Ge16As24Se60 thin films to irradiation with electron beam, Journal of
Non-crystalline Solids, 2019, 505, 37-42. IF = 3.15) Analysis of data obtained at the
synchrotron using XAFS and XANES indicates that there is charge accumulation and
persistence in the samples after electron irradiation, and the deposited charge is
accumulated on arsenic in selenium-rich systems. A microscopic model has been
developed. (Shylenko et al. Applied Surface Science, 2020, 530, 147266. IF =6.182). We
have also found that the movement of the material during the interaction with the electron
beam can be correlated with the intensity and gradient of the electric field which arises
during the accumulation of charge in thin layers of ChG glasses. We have mapped the
electrical surface potential using KFM microscopy and microscopic models showing mass
transfer as a function of surface potential have been developed. (Bilanych, V. S Electron-
induced effects in Ge-Se films studied by kelvin probe force microscopy. Journal of Non-
Crystalline Solids, (2023), 601, 121964. IF = 3.53.). We performed experiments in which
glasses, covered with thin layers of metals with catalytic properties, were irradiated with red
and green lasers. We have found that it is possible to generate strain in the top metal layer
in-situ by irradiating the chalcogenide layer below it. In such a way the possibility to increase
the rate of some catalytic reactions has been demonstrated. (Latyshev et al. Turning
Catalysts on by Light-Induced Stress: When Red Means Go. ChemElectroChem. 2019, 13,
3264. IF = 4.154). Following the discovered effect, we have also studied the amount of
strain generated in metal nanoparticles using advanced microscopic methods of the
synchrotron. (T. Kawaguchi et al. Electrochemically Induced Strain Evolution in Pt—Ni Alloy
Nanoparticles Observed by Bragg Coherent Diffraction Imaging Nano Lett. (2021), 21, 14,
5945 -5951. IF = 11.62). We have found that very sensitive glasses can be used as resists
for positive and negative electron beam lithography. New structures have been prepared
that can be potentially used in the preparation of watermarks. We have discovered new
systems that can be used to prepare structures with so-called high aspect ratio for
applications in nanoemitters and production of probes for scanning probe microscopy
(Komanicky V., Shylenko O., Latyshev V., Feher A, Bilanych V., Rizak V., Stronski A.,
Revutska L. Spésob vyroby ostrych Struktur alebo poli ostrych Struktur z chalkogenidovych
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skiel, Cislo prihlasky PP50059-2022). Furthermore, we have found that if a classic resistis
placed onto the surface of a chalcogenide thin layer and such double layer is irradiated with
electrons, it is possible to modify not only the classic resist but also the chalcogenide layer
below it in one step. This feature can be used in technologies for the preparation of
components for infrared micro-optics and nano-optics. The discovery resulted in the filing of
a utility model application (Komanicky V., Shylenko O., Latyshev V., Vorobiov S. Spdsob
vyroby Struktury vo vrstve chalkogenidového skla a mikroreliéfna Struktura vyrobena tymto
spbésobom, Cislo prihlasky PUV50086-2022).

54 original works were published within the project, 27 of which were published in foreign
journals indexed in current contents database and 27 works in peer-reviewed and non-peer-
reviewed journals and anthologies at home and abroad. To date, 78 citations have been
recorded for these works. Two applications were submitted to the Slovak Patent Office. For
comparison, we originally planned within the project to publish 8 papers in foreign journals
indexed in current contents database, 8 papers in peer-reviewed and non-peer-reviewed
journals and anthologies at home and abroad, and 0O citations.
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