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Computational methods

Computational methods

Quantum mechanics

Ab-initio Semi ab-initio

Density functional theory Tight Binding
<350 atoms <3000 atoms

(VASP, WIEN2K, SIESTA) (US Naval Research Lab TB)
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BloAoyka popLa

®AaBovoelon

Pro. E. Kaxiras
Harvard Univ

Au&non t™ng avtio€eldwTIKNG dpaong
AOYw TNG OECHEUCNG HETAAAIKWY LOVTWYV

Prof. Galaris
Univ loannina

Protection against nuclear DNA damage offered by flavonoids in cells exposed to hydrogen peroxide: the role of iron chelation.

Melidou, M.; Riganakos, K.; Galaris, D. Free Radic. Biol. Med. 2005, 39, 125 Ch. E. Lekka. Uol


http://images.google.com.gr/imgres?imgurl=http://chezlatina.com/I/Fruits.jpg&imgrefurl=http://www.arabsline.net/vb/showthread.php?t=8930&h=462&w=462&sz=54&tbnid=ktBaTERv7A4J:&tbnh=125&tbnw=125&hl=el&start=1&prev=/images?q=fruits&hl=el&lr=&sa=G
http://images.google.com.gr/imgres?imgurl=http://www.genome.gov/Pages/News/Photos/Science/honeybee_image.jpg&imgrefurl=http://www.genome.gov/11509798&h=2700&w=2192&sz=1791&tbnid=_Z6LJY-bTjoJ:&tbnh=150&tbnw=121&hl=el&start=4&prev=/images?q=honey&hl=el&lr=
http://images.google.com.gr/imgres?imgurl=http://d21c.com/wal9/info/chocpics/218.gif&imgrefurl=http://d21c.com/wal9/info/chocgraphics.html&h=252&w=362&sz=6&tbnid=nWBsGHGAmtAJ:&tbnh=81&tbnw=117&hl=el&start=2&prev=/images?q=chocolate+bar&hl=el&lr=
http://images.google.com.gr/imgres?imgurl=http://www.denverwineconnection.com/image-red-wine.jpg&imgrefurl=http://www.denverwineconnection.com/&h=305&w=243&sz=12&tbnid=j9Y9toGoP5wJ:&tbnh=112&tbnw=89&hl=el&start=1&prev=/images?q=red+wine&hl=el&lr=
http://www.mooseyscountrygarden.com/flower-picture-gallery/phlox-purple-flower.jpg

Quercetin

Fe - Quercetin

Electronic density of states
and Wavefunctions

LUMO

10

Energy [eV]

Ch. E. Lekka, Uol



BloAoylka popla

Optical adsorption (UV-vis )
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1. Complexation of Flavonoids with Iron, J.Ren, S. Meng, Ch.E. Lekka, E.Kaxiras, J. Phys. Chem. B, 112 (6), 1845 -1850, 2008

2. Structural, electronic and optical properties of representative Cu-flavonoid complexes, Ch. E. Lekka, Jun Ren, Sheng Meng,
Efthimios Kaxiras, J. Phys. Chem. B 2009, 113, 6478—6483

3. Understanding Zn(ll) Chelation with Quercetin and Luteolin: a Combined NMR and Theoretical Study, A Primikyri, E Sicilia, Ch

Lekka, A Tzakos, N Russo, I.P. Gerothanassis, J. Phys. Chem. B119 (2015), 83-95
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Molecule’s adsorption sites

Charge distribution -> chemical bonds E,=-2.31eV
Chemical potential
f Surface energy

VI
LDA, LDA+U
z Experiment

Fe304, Ref.11

Master Thesis of Dr M. Bouri. 2015 Undergraduate Thesis of E. Kistou, 2019

PhD at University of Bern, Switzerland
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Controlling the Orientation, Edge Geometry, and Thickness of Chemical Vapor Deposition Graphene

Graphene flakes on Cu

C, flakes on
Cu(110)

— ~ v - ~ ~ - 2 - - -

[110] —> Cu(110) channel
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Prof. N.Grobert,
Materials Depart.
Univ. Oxford

¢ « Graphene’s ZigZag edge < <«
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Experimental work,Uni. Oxford Ab-initio theory and Classical Molecular Dynamics Simulations
ACS Nano 7 (2), 2013, 1351-1359 (Book Chapter) Frontiers of Nanoscience, 2020, 17, pp. 141-159

Patent:Intellectual property due diligence form, Isis project 8727: Structural control of 2D nanomaterials produced by CVD on dedicated substrates,
University of Oxford. Inventors: Mr Adrian Murdock (25%), Dr Antal Koos (25%) and Prof Nicole Grobert (25%) University of Oxford and Contributor:

Assist.Prof. Christina Lekka (25%), University of loannina
Ch. E. Lekka, Uol



Metallic Nanostructures on CNTs and Graphene

These hybrid materials may exhibit different properties (structural, electronic etc.)
depending on the type of metallic adsorbent.

The metallic coating on CNTs Dr. Martha Galampouki
e NN Project Officer of H2020
continuous coating clusters
(e.g. Ti,Nb, Ta) (e.g. Au, Fe, Cu)
i TEM ' E o
Au 100 nm
@, e Suma M
Ti B
100 nm crpemps

[1] Georgakilas V., D. Gournis et al. J. Mater. Chem. 2007, 17, 2679 [3] Durgun, E.et al T. Phys. Rev. B 2008, 77, 08540

[2] Zhang Y. et al Appl. Phys. Let. 2000, 77, 3015 [4] Yildirim, T. et al. Phys. Rev. Lett. 2005, 94, 175501 e Leta Lol
. E. Lekka, Uo



Metallic Nanostructures on CNTs and Graphene

Cu

Nb/Ti Atoms on CNT

Tiy Decoration of Single-Wall Carbon Nanotubes and Graphene by Density Functional Theory Computations
M. A. Gialampouki and Ch. E. Lekka, J. Phys. Chem. C 115 (2011) 15172-15181,

Structural and electronic properties of Ti-nanowires/C-single wall nanotubes composites by density functional theory calculations
M.A. Gialampouki, A.V. Balerba, Ch.E. Lekka, Materials Chemistry and Physics 134 (2012) 214- 218,
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Metallic Nanostructures on CNTs and Graphene

Ti, / Grpahene Ti;3/ Graphene

Ti-O on CNT

2EEE 88388

322332233223 3r-3

Early Stages of Ti—O Cluster Growth on Carbon Nanotubes by ab-Initio Calculations,

M. A. Gialampouki and C. E. Lekka, Journal of Physical Chemistry A, Vol.117, No.40, 10397-10406, 2013 Ch.E. Lekka. Uol
. E. LekKa, Uo



Fe-O nanostructures on CNTs and Graphene

Controlled preparation of carbon nanotube—iron oxide nanoparticle hybrid materials by a modified wet impregnation method,
Sheodoros Tsoufis, Alexios P. Douvalis, Christina E. Lekka, Pantelis N. Trikalitis, Thomas Bakas, Dimitrios Gournis, J Nanopart Res (2013) 15:1924

Electronic density of states (EDOS)

SWNT with iron oxide octahedral cluster
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Materials for environmentally sustainable applications
“‘YSELECTA

H2020-MSCA-ITN-2014: Smart ELECTrodeposited Alloys
for environmentally sustainable applications:
from advanced protective coatings to micro/nano-robotic platforms

http://selecta-etn.eu/ Salvador Pané et al, European
SELECTA Coordinator Dr E. Pelliker, Ophthalmic Review, 2014;8(2):120-6
Prof. J. Sort, UAB, Spain  UAB, Spain
. Fe
Fe Fe coating on
- - Co
Non-magnetic Magnetic
Cu substrate Co substrate

Dr C. Cutrano

Experimental studies
U p U

Fe film’s structure and magnetic moment depends on its thickness

Fe / Cu(100)?: Fe / Co / Cu (100):
Up to 5 Fe ML on Cu(100)-> Fe fct film
ferromagnetic(Fe surf 2.5-2.8 p;), Fe,=2.2,

Up to 4-6 Fe ML fct film with 2-3 p; on Co/Cu(100)*2
1. N. Kamakura, A. Kimura, T. Saitoh, O. Rader, K.S. An, A.

1. M. Donath, J. Phys. Condens. Mater 11 (1999) 9421 Kakizaki, -Phys. Rev. B 73 (2006) 094437
2. X.Yin, K. Hermann, Phys. Rev. B 63 (2001) 115417 2. D. Schmitz, C.Charton, A. Scholl, C. Carbone W.
3. H. Choi, S.G. Lee, Y.C.Chung, Comp. Mater. Scie. 49 (2010) $291 Eberhardt, Phys. Rev.B 59 (1999)
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Materials for environmentally sustainable applications

;- SELECTA

Fe nanoclusters
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SJSELECTA
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= 'Structural, magnetic and electronic properties of Cu-Fe nanoclusters by density functional theory calculations'
C.S. Cutrano, Ch.E. Lekka, Journal of Alloys and Compounds 707 (2017) 114-119.

= 'Fe—Co magnetic nanoclusters by density functional theory calculations ‘
C.S.Cutrano,Ch.E. Lekka, Materials Science and Technology, 34 (2018) 1575-1581.

Materials for environmentally sustainable applications

Homo Down -0.2 eV

Spin up : All Fe 3d (4.1e") are occupied and 4p (2.87¢’)
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Materials for environmentally sustainable applications
SISELECTA

Fe-X clusters and coatings
X=Cu, Co and Mn
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C.S. Cutrano, Ch.E. Lekka, Journal of Alloys and Compounds 707 (2017) 114-119.

C.S.Cutrano,Ch.E. Lekka, Materials Science and Technology, 34 (2018) 1575-1581
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Structure and electronic properties of nano-materials

Nanoclusters Nanowures

constantopoulos
Naval Res Lab
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Ch.E. Lekka, M.J. Mehl, N. Bernstein, D.A. Papaconstantopoulos, Phys. Rev. B68 (2003) 35422.

Ch.E. Lekka, D.A. Papaconstantopoulos, Surface Science 601 (2007) 3937-3942 Ch. E. Lekka, Uol



AIN:Ag nanocomposite film

Electronic properties and bonding characteristics of AIN:Ag thin film
nanocomposites, Ch. E. Lekka, P. Patsalas, Ph. Komninou, and G. A.
Evangelakis, Journal of applied physics 109 (2011) 054310-054316

(b) <.
- .

d) AIN:Ag,; WF at -5.6eV
Hybridization of Ag-p :N-p and Ag-d: Al-p
along with charge transfer from Al > Ag

Nitrides

TiTaN nitrides
Conductive nitrides: Growth principles, optical and electronic properties,
and their perspectives in photonics and plasmonics, Patsalas, P.,
Kalfagiannis, N., Kassavetis, S., G.Abadias, D.V. Bellas, Lekka, C., Lidorikis,
E., Materials Science and Engineering R: Reports, 2018, 123, pp. 1-55

(8) TiygTaneN [001]  (v) (d) TiysTageN
Prof. P. Patsalas gy——.’v’;’—d , I 575
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Conducting transition metal nitride thin films with tailored cell sizes: the case
of 6-TixTal-xN, L.E. Koutsokeras, G. Abadias, Ch.E. Lekka, G.M. Matenoglou,

D.F. Anagnostopoulos, G.A. Evangelakis and P. Patsalas APL 93 (2008) 011904
Ch. E. Lekka, Uol



AOMLKEC KOl LNXOVLKEC LOLOTNTEG NaVO—UALKWV

Al nanoclusters on Al(111)
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Electronic, Structural and Thermodynamic properties of icosahedral free

i s ] G.A. Evangelakis, D.G.Papageorgiou, Ch.E.Lekka, I.E. Lagaris, JALCOM.
and supported Al clusters on Al surfaces from Tight Binding and classical 434-435 (2007) 546

Molecular Dynamlc.s 5|mulat|‘ons, P. Mitev, D.G. Papageorgiou, Ch.E. Lekka A. Ibenskas, Ch.E. Lekka and G.A. Evangelakis, Physica B37 (2007) 189
and G.A. Evangelakis, Surf.Sci. 566-568 (2004) 937
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Metallic glasses: YALKQ pe EEQLPETIKEC LNXOVLKEC L&omtsg
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Prof. Eckert, Leoben
ir. N. Mattern, Prof M.Calin,
Dr M. Stoica, Dr A. Gebert,
IFW Dresden

Nano-clusters
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741
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F P7' P EO P LE'ZO 13' ITN . Distorted icosahedron taken from fcc-like orientation

Hirata A., Kang L.J, Fujita T., Klumov B., Matsue K., Kotani M., .
Vitrified Metals Technologies and Applications in Yavari A.R. Chen M.\W., Science, 341, 2013, 376.9 Prof. R. Yavari*

“Tech! http://www.vitrimettech.unito.it/ Grenoble INP
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Metallic glasses: YALKQ pe €EQLPETIKEC LNXOVLKEC LOLOTNTEC

‘““Work-Hardenable’’ Ductile Bulk Metallic Glass
J. Das et al, J. Eckert, PRL94 (2005) 205501
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FIG. 2. Stress-strain curves of (a) CuspZrsy and (b)
Cuyy 5Zrs75Als under compression at a strain rate of 8 X
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Ch. E. Lekka, G.A. Evangelakis Scripta Mater.61 (2009) 974
Ch. E. Lekka JALCOM, 504 (2010) 190

G. Bokas G.A. Evangelakis , Ch. Lekka Comp. Mater. Scie. 5
Ch.E.Lekka, G. Bokas, G.A.Almyras, D.G.Papageorgiou, G.AN¥a 8 6
G.B. Bokas, A.E. Lagogianni , G.A. Almyras , Ch.E. Lekka, D.G. Papageorglou G.A. Evangelakls Intermetallics 43 (2013) 138
G.B. Bokas, Ch.E. Lekka, D.G. Papageorgiou, G.A. Evangelakis, Polyhedron 133 (2017) 1-7 Ch. E. Lekka. Uol
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ing Network FP7-PEOPLE-2010-ITN:
Biocompatible Ti-base Structures for Orthopaedics,
http://www.biotinet.eu/

Marie Curie Ir

Prof M.Calin, Dr A. Gebert, Dr J.J.Gutierrez Moreno
Leoben, Austria IFW Dresden, Germany BSC-CNS

Barcelona Supercomputing Center
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J.J. Gutiérrez-Moreno, Ch.E. Lekka, M. Calin, J. Phys. Chem. Solids 102 (2017) 49.
Gutiérrez Moreno, J.J., Panagiotopoulos, N.T., Evangelakis, G.A., Lekka, C.E., Materials, 2020, 13(6), pp. 1-11, 1288
J. J. Gutiérrez Moreno, D. G. Papageorgiou, G. A. Evangelakis, Ch. E. Lekka, J. Applied Phys. 124 (2018) 245102
Gutiérrez Moreno, J.J., Bonisch, M., Panagiotopoulos, N.T., M. Calin, D.G. Papageorgiou, A. Gebert, J. Eckert, Evangelakis, G.A., Lekka, C.E., JALCOM, 2017, 696, pp. 481-489
Ch. E. Lekka, Uol
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M. Calin, A. Helth, J. J. Gutierrez Moreno, M. Bonisch, V. Brackmann, L. Giebelera, Th. Gemming, Ch. E. Lekka, A. Gebert, R. Schnettler, J. Eckert, J. Mech. Beh. Biomed Mat 39 (2014) 162
J.J. Gutiérrez-Moreno, Y. Guo, K. Georgarakis, A.R. Yavari, G.A. Evangelakis, Ch.E. Lekka, Journal of Alloys and Compounds, JALCOM 615 (2014), S676-5679



Bl ORE M | A H2020-MSCA-ITN-2019, project No 861046, 2020 - 2023,
European Training Netwark BIOfilm-REsistant Materials for hard tissue Implant Applications

UOI-ESR1: Antibacterial coatings of metallic surfaces:
From ab-initio to large scale molecular dynamics simulations and analytical models

= _J

Prof M.Calin, Dr A. Gebert, Yannick Fortouna
Coordinator: IFW Dresden PhD candidate
https://www.bioremia.eu/ R N ' ’ .
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