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Prechod do antiadiabatického stavu — klU€ovy fyzikalny efekt pre predikciu novych
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Zodpovedny rieSitel doc. Ing. Pavol Banacky, DrSc

Prijemca Univerzita Komenského v Bratislave, konajuci: prof. RNDr. Karol
Micieta,PhD., rektor UK,v zastipeni: doc. RNDr. Milan Trizna, PhD.,
dekan PriF UK

Nazov pracoviska, na ktorom bol projekt rieSeny
1. Prirodovedecka fakulta UK, Chemicky Ustav PriRF UK, oddelenie Chemickej fyziky
2.

3
4,
5

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni
1.
2.
3.

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

1.
2.
3.

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace
1. P. Baniacky et al., Toward possibility of high-temperature bipolaronic superconductivity in

boron tubular polymorph: Theoretical aspects of transition into anti-adiabatic state, Journal of
Physics and Chemistry of Solids, 73, 1044-1054 (2012)

2. P. Banacky et al., pozvana prednaska na konferencii: SUPERSTRIPES 2012, Erice, Italy,
July 11-17, 2012 - “Electron-vibration coupling in boron nanotubes”

3. P. Banacky et al., Electronic Structure of Single-Wall Silicon Nanotubes and Silicon
Nanoribbons: Helical Symmetry Treatment and Effect of Dimensionality, Advances in



Condensed Matter Physics. Article Number: 374371, DOI: 10.1155/2013/374371 Published:
2013 (tiez v elektronickej forme na: http://www.hindawi.com/journals/acmp/2013/374371/)

4. P. Banacky et al., pozvana prednaska na konferencii: Electron Correlation in Nanostructu-
res (ECN-2013), The International Conference, Yalta, Ukraine, 3 -6 October 2013 -
"Electronic structure of boron and silicone nanotubes: Perspective materials for
nanotechnologies"

5. J. Simunek et al., prezentacia-pozvany poster na: The 5th JCS International Symposium on
Theoretical Chemistry, December 2-6, 2013, Todai-ji Culture Center, Nara, Japan - "New
Orbital Optimization Approach via Thouless Theorem "

6. M. Melicher€ik et al., prezentacia-pozvany poster na: MOLCAS Developers' workshop
2014, 24th-26th March 2014, Alcala de Henares, Madrid, Spain - "Implementation of
CCSD(T) on GPGPU: Simulation of non-iterative triple excitation"

7. J. Noga et al., pozvana prednaska na: Frontiers in Electronic Structure Theory 2015, 26-28
May, 2015, Goa, India - "Use of the helical-screw symmetry in the calculation of nanotubes:
application in structural aspects and stability of superconducting nanotubular MgB2"

8. P. Banacky et al., Electronic Structure of Boron Nanotubes: Perspective Material for
Nanotechnologies, Quantum Matter Vol.4, No.4, 367-372, 2015 / doi:10.1166/gm.2015.1208

9. P. Banacky et al., Large diameter multiwall nanotubes ofMgB2: Structural aspects and
stability of superconducting nanotubular magnesium boride, Physica Status Solidi B Vol. 252,
No. 9, 2052-2058 (2015) / DOI 10.1002/pssb.201552027

10. P. Baniacky, On mechanism of high-temperature superconductivity in hydrogen sulfide at

200 GPa: transition into superconducting anti-adiabatic state in coupling to H-vibrations,
Results in Physics 6, 1 (2016); http://dx.doi.org/10.1016/j.rinp.2015.11.011

11. P. Banacky et al., Microscopic insight on the pump-probe relaxation dynamics of
superconductors: Model study of MgB2 relaxation within nonlinear response theory, Physica
Status Solidi B (2015), (pssb.201552571), (arXiv:1508.03962). Dria 21.12.2015 bol rukopis
(pssb.201552571) akceptovany k publikovaniu (DOI 10.1002/pssb.201552571).

12. P. Banlacky et al., prezentacia-pozvany poster na: The 11 International Conference on
Materials and Mechanism of superconductivity, Geneva, Switzerland, 23-28 August, 2015 -
"New superconducting polymorph of MgB2: Large diameter multiwall nanotubes of MgB2"

13. P. Banacky et al., pozvana prednaska na konferencii: Quantum Systems in Chemistry and
Physics — QSCP2015, September 14-20, 2015, Varna, Bulgaria - "Single and multi-wall
nanotubes of boron and metal-borides: stability, electronic structure and aspects of
superconductivity"

14. P. Banacky, pozvana prednaska na jubilejnu konferenciu venovanu supravodivosti:
SUPERSTRIPES 2016, Quantum In Complex Matter, June 23-28, 2016,Ischia, Italy - Excited
states relaxation dynamics of superconductors and microscopic mechanism of superconduc-
ting state transition.

Uplatnenie vysledkov projektu

Zakladny vyskum. Vysledky vytvaraju teoreticku bazu pre moznost’ vytvorenia expertného
vypoctového systému predikcie supravodicov.

CHARAKTERISTIKA VYSLEDKOV

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

Stanovené ciele projektu boli splnené. Na baze nami formulovanej anti-adiabatickej tedrie
elektréon-vibraénych interakcii, ktoré indukuju prechod systému z adiabatického do antiadiaba-
tického supravodivého stavu, sme predikovali Struktiru a supravodivé vlastnosti nasledov-
nych materialov; 1/ jednostenné nanotrubky (SWNT) béru s B8 Strukturou jednotkovej bunky
(8B/hP-u.c.). NT s priemerom d >15 A st supravodivé a pre d ~ 39 A je vypogitana kriticka
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teplota Tc ~ 40 K. 2/ inkorporacia atomu kovu Me stabilizuje SWNT Struktdru a ma vplyv na
supravodivé vlastnosti. Pre Me=Mg, vypocitana kriticka teplota je Tc ~ 70-90 K a pre Me=Ca
je Tc ~ 103 K. Pri inkorporacii Me=Al, resp. Be dochadza k potlageniu supravodivosti.

3/ SWNT Struktury kremika (Si) sme predikovali bez prechodu do supravodivého stavu. Su to
polovodi¢e s malou energetickou medzerou, ktora je dobre kontrolovatefna priemerom NT.

Z hladiska aplikaéného potencialu je zasadnou predikcia stability a supravodivych vlastnosti
mnohostennych nanotrubiek (MWNT) MgB2. 4/ Ukazali sme, Ze uz 25-stenna MgB2 - NT
dosahuije stabilitu bulk Struktary MgB2 a kriticka teplota je Tc ~ 40 K. Pre rozvoj samotnej
tedrie supravodivosti je délezitym vysledkom fakt, ze na rozdiel od Standartnych teérii (BCS,
Eliashberg,.), je anti-adiabaticka tedria supravodivosti schopna korektne popisat: 5/ supra-
vodivost H2S pri 200 GPa s kritickou teplotou Tc ~ 203 K a 6/ dynamiku excitovaného stavu
supravodi¢a s nahlym narastom relaxacného €asu pri Tc, tak ako je to experimentalne mera-
né pri T-zavislych pump-probe experimentoch. V projekte vyvinuta a vypoctovo implemento-
vana helikalna metdda tvorby NT je kltu€ova pre teoretické Studium NT s komplexnou Stru-
kturou.

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

Projected goals of the research have been fulfiled. Based on the anti-adiabatic theory of
electron-vibration interactions, which induce transition from adiabatic into superconducting
anti-adiabatic state, we have predicted structure and superconductivity of the folowing mate-
rials; 1/ boron-based single-wall nanotubes (SWNT) with B8 structure of unit cell (B8-hP/u.c.).
Superconducting are B-SWNT with diameter d >15 A and for NT with diameter d ~ 39 A, cal-
culated critical temperature is Tc ~ 40 K. 2/ Incorporation of metal (Me) atom into tubular
structure increases stability of NT and influences superconductivity. For Me=Mg, calculated
Tcis 70-90 K and for Me=Ca , Tc is higher and reaches 103 K. In case of incorporation of
Me=Al, or M=Be, superconductivity of SWNT is supressed. On the other hand, 3/ we have
predicted that SWNT of silicon (Si) are not superconductors, but semiconductors with small
gap which can be tuned through diameter of NT.From application stand point, the crucial is
prediction of stability and superconductivity of multi-wall nanotubes (MWNT) of MgB2. 4/ We
have shown that already 25-wall MgB2-NT reaches stability of the bulk MgB2 and calculated
critical temperature is Tc ~ 40 K. As far the development of theory of superconductivity is
concerned, crucial are results which show that in contrast to standard theories (e.g. BCS,
Eliashberg,..), the anti-adiabatic theory correctly describes: 5/ superconductivity of H2S
pressurized at 200GPa with Tc ~ 203 K and 6/ sudden increase of relaxation time near Tc for
T-dependent excited state dynamics of superconductors as detected by pump-probe
experiments. The helical method of NT formation, as developed and implemented in the
project, is crucial for theoretical study of NT with a complex structure.
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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

doc. Ing. Pavol Banacky, DrSc prof. RNDr. Karol Micieta, PhD.,
v zast. doc. RNDr. Milan Trizna, PhD., dekan
PriF UK

V Bratislava 18. 01. 2016 V Bratislava 27. 01. 2016

" podpis zodpovedného riesitela podpis Statutarmeho zastupcu prijemeu
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