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AKREDITACIA VEDECKEHO SMERU 2012-2015

A. VYSKUMNE TEMY SMERU, M.Pudléak,R.Pin¢ak

Al. Domace projekty

@ 2/0069/10 Elektrénové vlastnosti nanostruktdr,2010-2012,
M.Pudlak,R.Pincak

@ 2/0037/13 Elektrénové vlastnosti karbénovych
nanocastic,2013-2015,M.Pudlak,R.Pinc¢ak

A2. Medzinarodné projekty: nie
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Pocet CC publikacii, patentov

o Kapitola v knihe
1. Carbon Nanotubes:Synthesis and Properties (Nova Science,2012,
ISBN: 978-1-62081-914-2) Chapter 10,R.Pincak, M.Pudlak:
Electronic Properties of Single and Double Wall Carbon Nanotubes

IF> 1.5 2015 2014 2013 2012 SUMA
Pocet A publikacii CC 4 2 3 1 10
Prvy autor je z daného smeru 3 2 3 1 9
Pocet Nekar. publikacii 2 0 2 2 )

@ Podané patenty: nie

@ Schvélené patenty: nie
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Citacie za akreditacné obdobie

2014 2013 2012 2011 SUMA
Celkovy pocet citacii WOS 14 11 10 7 42

@ Celkovy pocet citacii WOS prac publikovanych v atestatnom obdobi
2012-2015

SUMA
Celkovy pocet citacii WOS 8
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Najlepsie vysledky r. 2012-2015

@ M.Pudlak, R.Pincak: Edge states of graphene bilayer strip
Eur.Phys.J B 86 (2013) 107

@ R. Pincak, J. Smotlacha, Analogies in electronic properties of
graphene wormhole and perturbed nanocylinder, Eur. Phys. J. B
(2013) 86: 480

@ R.Pincak, J.Smotlacha,M.Pudlak:Calculation of the electronic
structure near the tip of the graphitic nanocone, Physica B 441
(2014) 58

© R.Pincak, J.Smotlacha, M.Pudlak: Spin-orbit interaction in the
graphitic nanocone, Eur.Phys.J B 88 (2015) 17

© M.Pudlak, K.N.Pichugin, R.G.Nazmitdinov:Cooperative
phenomenon in a rippled graphene:Chiral spin guide, Phys.Rev.B 92
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Konferencie 2012-2015

@ Electronic structure and boundary conditions in the graphitic
nanocone, Saratov Fall Meeting (oral presentation, 21.-25.9.2015)

o Electronic structure of graphitic nanocone influenced by spin-orbit
coupling and boundary effects, 4th International Symposium on
Energy Challenges and Mechanics - working on small scales,
Aberdeen (oral presentation, 11.-13.8.2015)

@ Green function approach of the spin-orbital interaction in the
graphitic nanocone, Mathematical Modeling and Computational
Physics, Stara Lesna (oral presentation, 13.-17.7.2015)

@ Spin orbit effects in armchair carbon nanotubes, UIB Palma,
15.10.2014(invited lecture) Spain

@ Topological defects in graphene nanostructures, International
Conference and Exhibition on Mesoscopic and Condensed Matter
Physics, Boston ( 22.-24.6.2015, invited lecture) <’_‘>
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Konferencie 2012-2015

@ Spin-Orbital and Pi-Orbital Interactions in the Graphitic Nanocone,
Graphene 2015, Bilbao (poster presentation, 10.-13.3.2015)

@ Spin-Orbital and Pi-Orbital Interactions in the Graphitic Nanocone,
International Conference on Scanning Probe Microscopy on Soft and
Polymeric Materials, Toronto (invited lecture 2.-5.9.2014)

@ Electronic Properties of Graphene Wormhole, XXllIst International
Conference on Integrable Systems and Quantum Symmetries,
Prague (oral presentation, 23.-29.6.2014)

o Electronic Properties of Carbon Nanoparticles, XXlst International
Conference on Integrable Systems and Quantum Symmetries,
Prague (oral presentation, 12.-16.6.2013)

@ Application of greens function approach to electronic structure of
carbon nanocylinders, Mathematical Challenge of Quantum
Transport in Nanosystems, Sankt Petersburg (12.-15.3.2013) <’_‘>
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Ciele do budicna - 1. Grafénové cervie diery

V spolupraci s:

@ Dr. Alireza Sepehri, Faculty of Physics, Shahid Bahonar University,
P.O. Box 76175, Kerman, Iran

@ Dr. Ahmed Farag Ali, Department of Physics, Faculty of Science,
Benha University Benha 13518, Qaliubiya, Egypt

@ Dr. Gonzalo Olmo Alba, Departamento de Fsica Teorica and IFIC, ;—«
Centro Mixto Unlver5|dad Spain. Unlver5|dade Federal da Paraba,\ __/
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Schéma geometrie wromholu v grafénovom bilayeri

Upper Sheet

Lower Sheet

Vodivost: (Definicia Gcinku z tedrie striin)
Seo-Atom = / dtTr(Zhy w o IXM XY XL XM XY X)) (1)

kde XM = XM T Grafénova Cervia diera vznika ako désledok nerovnosti
medzi pozitivnou krivostou fermiénov s antiparalelnymi spinmi a

negativnou krivostou fermiénov s paralelnymi spinmi. Predpokladame, Ze
anti-gravitacia medzi paralelnymi spinmi je hlavnym dévodom pre vzni(_‘\f
Pauliho vylucovacieho principu. v



Simulovana vodivost - PRB 79, 073401 (2009)

R-polomer Sestuholnika grafénu, L-vzdialenost medzi dvoma elektrénmi,
0 uhol medzi dvoma elektronmi, Dvojvrstvovy grafén s vonkajsim polom
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Grafénové cervie diery-zaver

o

(2]

o

o

o

Bol navrhnuty model skiimania vodivostnych vlastnosti

dvojvrstvového grafénu a grafénu s defektami.

Bola najdena spojitost medzi celkovou krivostou systému a spinmi
volnych elektrénov.

Pre symetricky grafén ja poclet vazieb medzi identickymi fermiénmi
rovny poctu vézieb na antisymetrické fermidny, celkova krivost je
nulova a vodivost mizne.

Ziskany zodpovedajtci ucinok pre vodivost v symetrickom graféne

bez defektov je nulovy.

Vplyvom defektov v hornej ¢i dolnej vrstve grafénu sa tieto vrstvy
dostavaju blizSie k sebe a interakciou paralelne a antiparalelne
orientovanych spinov vznikad vazba medzi elektrénmi uhlika a vytvara
sa nova cesta pre volne elektrény cez wormhol.

V zavislosti na tvare defektu, pocet vazieb na antisymetrické spiny
narastd a pozoruje sa narast vodivosti. N
Zodpovedajlci Gcinok pre vodivost v graféne s defektami je nenulo%’c._f
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2. Nanoribény po vplyvom magnetického pola

e tieto nanostruktiry maju vysokl variabilitu - ich vlastnosti
mozno ovplyvnit zmenami Sirky a Struktiry okraja

o rozliSujeme 2 zakladné typy ktoré sa lisia elektrickymi
vlastnostami: zigzag (vodi¢) a armchair (polovodi¢)

V spolupraci s:

@ J. Smotlacha, V.A.Osipov, Rashid G. Nazmitdinov, BLTP, Joint ‘/’_\\‘/
Institute for Nuclear Research, Dubna, Moscow region, Russia

-
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Nanoribény po vplyvom magnetického pola

@ pocitame elektrénové spektrum; to v okoli nuly vytvéra bud
lokalizovany stav v pripade vodicov, alebo gap v pripade
polovodicov; Sirku medzery je mozné pripadne ovplyvnit réznymi
primesami

@ u hustoty stavov tymto sposobom vznika v okoli nulovej energie bud
vyrazny pik, alebo oblast s malym vyskytom elektrénov

VN
7

-y

1.6.2016 13 /20



Nanoribény po vplyvom magnetického pola

@ v pritomnosti magnetického pola graf elektronového spektra
zachovava tvar, ale rozne meni velkost:

Obr. : Elektrénové spektrum pre zigzag nanoribbén pre rézne hodnoty
magnetického pola danej magnetickym tokom: zhora nadol: f =0 a f = 3, ey
f=1/3af=8/3,f=1/2af=5/2. S 7
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Nanoribbony pod vplyvom magnetického pola

V zavislosti na magnetickom poli a interakcii prvych a druhych
najblzsich susedov sa mo6ze tvar spektra znacne menit:
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3. Onioény-viacvrstvové fullerény

C60@C240

MWCNTs

V spolupraci s:
o O. E. Glukhova, A. S. Kolesnikova, M. M. Slepchenkov, V. V.

Shunaev Department of Physics, Saratov State University, \/"’_‘§
Astrakhanskaya street 83, Saratov, 410012, Russia -
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Geometrické parametre fullerénov

Fullerene  Polomer [A]  Priemern4 dizka vazby [A]

C20 2.06 1.47
C60 3.4 1.445
C240 7.2 1.415
C540 10.1 1.435
C28 2.53 1.46
C32 2.65 1.51
C36 2.37 1.45
C80 3.94 1.44

Medzivrstvova interakcia je urena hlavne pomocou VDW interakcii.

Vzhladom k icosahedralnej symetrii vonkajsich Fullerénov, st 3

potencionalne jamky, kde by mohli byt umiestnené vnatorné fullerény. —
N/
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Medzivrstvova interakcia Onidnov

E1l [eV] E2[eV] E3[eV]

C200C240 -0.7862 -0.7836 -0.7845
C60@C540 -1.209 -1.194 -1.16

Fullerene type C60 (C240 (540 C600@C540 C600C240 (C200C240
Eromo—tumor  2.03 1.25 0.90 0.90 1.25 0.078
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Homo-Lumo gap pre Onidny

L2a

F1, F2 - Fermi levels of the particular shells A
L2
F2
L1
T A
Flm———— — — - — — — — — — — -
J’% searched HOMO-LUMO gap
——————— Hla
|
H1 A
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Nové prace zaslané a vyndené v roku 2016

© Alireza Sepehri and Richard Pincak, Modeling the electron transport
in nanostructures by using the concept of Blons in M-theory, zaslané
do International Journal of Theoretical Physics, Impact Factor cc
1.25

@ Alireza Sepehri, Anirudh Pradhan, Richard Pincak, A. Beesham,
Emergence of anti-F(R)-gravity in Type-IV Bouncing cosmology as
due to MO-brane, zaslané do Classical and Quantum Gravity, Impact
Factor cc 3.2

© R. Pincak, Alireza Sepehri, Gonzalo J. Olmo, Induced conductivity
by the graphene wormhole in the bilayer strip, zaslané do Nuclear
Physics B, Impact Factor cc 3.93

@ J. Smotlacha, R. Pincak, Electronic Properties of Carbon
Nanostructures, kapitola v knihe "2D Materials", Intech open
science, ISBN 978-953-51-4813-5 \/"\7
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