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We are pleased to welcome you at the XXIII Latin American Symposium on Solid State 
Physics, in San Carlos de Bariloche, Province of Río Negro, Argentina, between 10 and 13 
April 2018. SLAFES is one of the most important and traditional meetings of physicists in 
Latin America held with biennial/triennial periodicity since its first edition in 1969 in 
Caracas, Venezuela. The most recent editions were held in La Habana-Cuba (in 2004), 
Puebla-México (2006), Iguazú-Argentina (2008), Maragogi-Brazil (2011), Boyacá-Colombia 
(2013), and Puerto Varas-Chile (2015). The conference typically covers all areas of solid state 
physics, condensed matter and materials research, highlighting the most important latest 
experimental and theoretical advances in solid state physics, condensed matter and materials 
research. The XXIII edition of SLAFES in Bariloche will take place at four conference rooms 
of Hotel Panamericano (San Martín 536) and Hotel NH-Edelweiss (San Martín 202). It will 
have a satellite meeting (13-14 April 2018), organized by students and collaborators of 
Professor Carlos Balseiro to celebrate his distinguished academic career, joint sessions with 
SLAFES XXIII being held on Friday 13 April. 
 

SLAFES XXIII aims to provide participants the opportunity to exchange information and 
new results, identify new challenges in the field, and start or strengthen international 
collaboration projects. In particular, a special panel discussion will take place, devoted to 
present “Latin American Large Experimental Facilities: international collaboration and new 
projects”. 
 

We are very grateful to the international agencies and Argentinian national institutions, as 
well as all sponsors and exhibitors, who have decided to support SLAFES XXIII, and allowed 
us to offer financial support to enable the participation of more students and researchers. 
 

The Organizing Committee of SLAFES XXIII includes 15 Argentinian researchers, 10 of 
them based in Bariloche, 4 from Buenos Aires, Rosario and Santa Fé, and one based in USA. 
We are very grateful for the help and advice of the International Scientific Advisory 
Committee of SLAFES XXIII, formed by 23 experts in the field from 13 countries, who 
helped us to ensure interesting and high-quality scientific presentations for the benefit of all 
participants of SLAFES XXIII. 
 

SLAFES XXIII has received about 350 contributed abstracts sent from 18 countries, mainly 
from Latin America, Europe and USA. With the confirmation of 11 Plenary talks, 9 Semi-
Plenary talks, 41 oral presentations, and 251 posters, as detailed in this Book of Abstracts, we 
are looking forward to a great meeting with fruitful discussions. SLAFES XXIII proceedings 
will be published in “Materials Today: Proceedings”. 
 

We invite you to browse the next pages where you will find more information about SLAFES 
XXIII, and for further details please visit our website: fisica.cab.cnea.gov.ar/slafes23 
 

          Looking forward to welcoming you in Bariloche,  
 

                                                                             SLAFES XXIII – Organizing Committee. 



 

 

The scientific program of SLAFES XXIII will cover the following 9 broad  topics: 
 
(I) Conventional and non-conventional superconductors. 
(II) Semiconductors. 
(II) Magnetism. 
(IV)| Spintronics. 
(V) Surfaces, interfaces and thin films. 
(VI)| Low-dimensional systems and nanophysics: nanomaterials and nanotechnology. 
(VII) New materials. 
(VIII) Materials preparation and characterization. 
(IX) Theoretical modeling and numerical simulations of complex systems. 
 
 
• The 20 invited talks of SLAFES XXIII will be presented by distinguished invited speakers 

representing 11 countries, selected with the invaluable advice of the International Scientific 
Advisory Committee. The official language of SLAFES XXIII is English, as in previous 
recent editions, to take into account the presence of non Spanish-speaking participants.   

 
 
   The 20 confirmed Invited Speakers are: 
 
• Miguel Abbate (Dept. of Physics, Univ. Federal do Paraná, Curitiba, Brazil). 
• Johan Akerman  (Dept. of  Physics, Univ. of Gothenburg,  Sweden) 
• Carlos Balseiro  (Centro Atómico Bariloche and Instituto Balseiro, Bariloche, Argentina) 
• Cristian Batista (Oak Ridge Nat. Lab. & Dept. of Physics, Univ. of Tennessee, Knoxville, 

USA). 
• Victoria Bekeris  (Lab. Bajas Temperaturas, Depto. de Física-FCEN,  IFIBA, Universidad 

de Buenos Aires, Argentina) 
• Mariano Campoy Quiles  (Nanostructured Materials Dept., Materials Science Institute of 

Barcelona (ICMAB-CSIC), Spain) 
• C. Barry Carter  (Dept. of  Materials Science & Engineering, Univ. of Connecticut, USA) 
• José Carlos Egues  (Inst. de Física de São Carlos, Univ. de São Paulo, Brazil) 
• Eberhard Gross  (Max Planck Inst. of Microstructure Physics, Halle (Saale), Germany) 
• Axel Hoffmann  (Materials Science Division, Argonne National Laboratory, USA) 
• Belita Koiller  (Instituto de Física, Univ. Federal do Rio de Janeiro, Brazil) 
• José Lorenzana  (Istituto dei Sistemi Complessi – CNR, Sapienza Universitá di Roma, 

Italy) 
• Narcizo Marques de Souza  (Lab. Nac. de Luz Síncrotron, Campinas, Brazil) 
• José Menéndez  (Dept. of Physics, Arizona State University,Tempe, USA) 
• José Luis Morán López  (División de Materiales Avanzados, IPICyT, San Luis Potosí, 

Mexico) 
• Cecilia Noguez  (Instituto de Física, UNAM, Mexico) 
• Heloisa Nunes Bordallo  (X-Ray & Neutron Science, Niels Bohr Inst., Copenhagen, 

Denmark) 
• Andrés Santander Syro  (CSNSM IN2P3/CNRS, Univ. Paris Sud, Orsay, France) 
• Patricio Vargas (Depto. de Física, Center for the Development of Nanoscience and 

Nanotechnology (CEDENNA), Univ. Técnica Federico Santa María, Valparaíso, Chile) 
• Dieter Vollhardt (Center for Electronic Correlations and Magnetism, Inst. of Physics, Univ. 

of Augsburg, Germany) 
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SLAFES XXIII – SCIENTIFIC PROGRAM                             Tuesday, 10 April 

8:30 Registration          Hotel Panamericano  (Lobby) 

9:00 Welcome Coffee  ( 9:00 - 9:30 )   

9:45 Welcome  and  Opening    Hotel Panamericano – Salón Las Américas  

 Organizing Committee & Chair of Scientific Committee,  local authorities, 
& IUPAP delegate (Prof. V.  Bekeris)  

  

 Plenary Lectures Hotel Panamericano – Las Américas 

10:10 Topological Quasiparticles: Magnetic Skyrmions Axel  Hoffmann  Materials Science Division, Argonne 
National Laboratory - USA 

 

11:10 The Superconducting Order Parameter in Real Space E.K.U. Gross  Max Planck Institute of Microstructure 
Physics, Halle, Germany 

 

12:15 Lunch  

 Afternoon Sessions 
 Panamericano – Las Américas NH-Edelweiss – Cóndor Panamericano – Jardines 

14:00 Semi-Plenary Lecture                        Topic VIII 
Microscopic view of hydrogen motion from 
neutron scattering 
Heloisa Nunes Bordallo  

Semi-Plenary Lecture                               Topic V  
Experimental electronic structure of 
correlated-electron materials using ARPES      
Andrés Santander-Syro 

Semi-Plenary  Lecture                              Topic IV 

Topological phenomena in ordinary quantum 
wells: what is the matter? 
José Carlos Egues  

15:00 Probing low-energy excitations in condensed 
matter with inelastic X-ray scattering  
                                                      T. Mori 

Strain effect on magnetic anisotropy in 
artificially multiferroic heterostructures       
                                           M.E. Gomez de Prieto        

Rare-earth nitrides; semiconductors, 
spin/orbit magnetism, tunnelling MRAM, 
superconductivity                         J. Trodahl 

15:30 Electronic and structural properties of solid 
oxide fuel cells compounds  
in-operando conditions                 A.Serquis 

XPS analysis of nanostructured Zr 1-xCexO2 thin 
films        
                                           G. Zampieri 

Heterogeneity of microwave electromagnetic 
field inside of articial magnetic crystal    
                                                         A. Rinkevich 

16:00 Chemical vapour deposition graphene grown 
on dielectric substrates through catalyst metal     
                                                         L. Serkovic 

Control of the effective magnetic anisotropy 
by interface coupling in  
Fe3O4-core/Co 1-xZnxFe2O4-shell nanoparticles   
                                           E. Winkler 

Synthetic antiferromagnet as a pure spin 
current injector  
                                                         L. Avilés 

16:30 Coffee-Break & Posters           ( 16:30 - 19 ) NH-Edelweiss  

17:00 Posters Session (I)                ( 17:00 - 19 ) NH-Edelweiss (Cóndor & Quintral conf. rooms)  

19:00 
19:40 

Special Panel Discussion  
Latin American Large Experimental Facilities: 
international  collaboration  &  new projects 

NH-Edelweiss  
Chair: G. Aurelio 

J. Bettini  (LNNano), J. Santisteban (LANH) 
N.Marques de Souza & T.Mori (LNLS-
UVX+SIRIUS) 



 

Wednesday, 11 April 

 Plenary Lectures Hotel Panamericano – Las Américas 

9:00 The rich non-linear world of spin transfer torque d riven 
magnetodynamics – from novel magnetic solitons to 
long range mutual synchronization 

Johan Åkerman  University of Gothenburg,  
Sweden 

 

9:55 Magnetic nanoparticles Patricio Vargas  Univ. Técnica Federico Santa María, 
Valparaíso, Chile 

 

10:50 Coffee-Break    

11:20 Chirality at the Nanoscale  Cecilia Noguez  Universidad Nacional Autónoma de 
México 

 

12:15 Lunch  

 Afternoon Sessions 
 Panamericano – Las Américas NH-Edelweiss – Cóndor Panamericano – Jardines 

14:00 Semi-Plenary Lecture                           Topic VI 

Photonic Cooper Pairs 
Belita Koiller  

Semi-Plenary Lecture                             Topic III 

Spin-state transition in the La 1-xSrxCoO3 
compounds 
Miguel Abbate  

Semi-Plenary Lecture                            Topic  II  

Optical and structural properties of Ge-like 
materials 
José Menéndez  

15:00 Circular dichroism in twisted bilayer 
grapheme          
                                                         L.Chico 

Evidence of Bose-Einstein condensation in a 
quantum magnet formed by free radical 
tetramers                                       A. Saul 

Optoelectronic forces with quantum wells for 
cavity optomechanics in GaAs/AlAs 
semiconductor microcavities        V. Villafañe 

15:30 Bottom-up chalcogenides nanocomposites 
with enhanced thermoelectric performance  
                                                      D. Cadavid 

Is the ground-state of spin-ice like ice? 
                                                          S. Grigera 

First principles study of photocatalityc 
properties of epitaxially strained BiVO 4 
                                                          S. Reyes 

16:00 Acoustic phonon confinement by band 
structure engineering     
                                                        N. Lanzillotti 

Electronic many-body theory of the laser-
induced ultrafast demagnetization of 
ferromagnetic transition-metals          
                                                          G. Pastor 

Energetics and electronic properties of 
chlorine impurity in CdTe   
                                                          W.Orellana 

16:30 Coffee-Break & Posters                ( 16:30 - 19 ) NH- Edelweiss  

17:00- 
19:00 

Posters Session (II)  NH- Edelweiss  (Cóndor & Quintral conf. rooms) 
 

 

 



 

Thursday, 12 April 

 Plenary Lectures Panamericano – Las Américas 

9:00 Studying defects and nano-materials using TEM C. Barry Carter  Department of Chemical & 
Biomolecular Eng. and Department of 
Materials Science & Eng., Storrs, USA 

 

9:55 What governs the absorption of organic 
semiconductors for photovoltaic applications? 

Mariano Campoy Quiles  Materials Science Institute of 
Barcelona, Spain 

 

10:50 Coffee-Break    

11:20 Dynamical Mean-Field Theory for correlated electron  
materials  

Dieter Vollhardt  University of Augsburg, Germany  

   

  
 

                                                                                                         Free  Afternoon 
 
 
 
 

20:30- 
23:30 

SLAFES  XXIII  -  BANQUET       ( at:  BEC,  España 415 ) 

 
  



 

Friday, 13 April 

 Plenary Lectures  Panamericano – Las Américas         Joint  session with  CTCMP meeting in honor of Prof. C.A.Balseiro 

9:00 Past and future of spin-1/2 low-dimensional 
systems 

José Lorenzana  (*) Istituto dei Sistemi Complessi – 
CNR, Sapienza Universitá di 
Roma, Italy 

Chair: G.Usaj 

9:55 Structural stability, electronic and magnetic 
properties of bimetallic nanostructures 

José Luis Morán López  IPICyT, San Luis Potosí, México  

10:50 Coffee-Break    

11:20 Topological properties of dynamically driven 
quantum systems  

Carlos A. Balseiro  Centro Atómico Bariloche-CNEA 
&  Instituto Balseiro, Argentina 

  

12:15 Lunch  

 Afternoon Sessions 
 Panamericano – Las Américas   (Joint  CTCMP) NH-Edelweiss – Cóndor Panamericano – Jardines 

14:00 Semi-Plenary Lecture                            Topic IX 

Potential scattering in Kondo alloys: 
DMFT-CPA and stat-DMFT approaches 

Sebastien Burdin  (*) 

Semi-Plenary Lecture                               Topic I  

Vortices in superconductors: from memory 
effects to dynamic reorganization 
Victoria Bekeris  

Semi-Plenary Lecture                           Topic VII  

The new SIRIUS synchrotron source and 
materials under extreme conditions 
Narcizo Marques de Souza-Neto  

15:00 DFT Study of Ga Role in Acetylene 
semihydrogenation on PdGa(110) surface 

                                                         A.Juan  (*) 

Magnetic Force Microscopy Measurements of 
Superconducting Permanent Current Paths in 
a Natural Graphite Crystal  
                                                P. Esquinazi 

Photoinduced p- to n-type Switching in 
Thermoelectric Polymer-Carbon Nanotube 
Composites                             
                                                            A. Goñi 

15:30 Dynamics of few spin-1 bosons in double 
wells 
                                                          M. Gusmao 

Interplay between nematic domains and 
superconducting properties in  
Ba(Fe1-xCox)2As 2                                       

                                                                          G.Pasquini 

Intertwined Rashba, Dirac and Weyl Fermions 
in Hexagonal Hyperferroelectrics 
                                                            P. Barone 

16:00 Spin-orbit and anisotropic strain effects on the 
electronic correlations of Sr 2RuO4 

                                                          V. Vildosola 

On the thermomagnetic stability in slabs and 
cylinders type-II superconductors 
                                                C. Romero Salazar 

Electrical properties of the semimetallic alloys 
Pt1-xAu xBi 2 

                                                           V. Correa 

16:30 Coffee-Breaks NH-Edelweiss  &  Panamericano                    ( See  Evening sessions:  after 5 PM ) 

 
(*) Due to changes in the program informed on 9 April, please find these three Abstracts in the following pages: Lorenzana and Burdin, page 37 – A.Juan, page 136 
  



 

Friday Evening Sessions 

 Panamericano – Las Américas    (Joint CTCMP) NH-Edelweiss – Cóndor Panamericano – Jardines 

17:00 A chiral Josephson transistor    
                                                       D. Feinberg 

SU(4)/SU(2) crossover and spin filter 
properties of a double quantum dot 
nanosystem      
                                          E. Anda 

Whims of entropy in very heavy fermions 
applicable to adiabatic refrigeration within the 
sub-Kelvin range of temperature   
                                                        J. Sereni 

17:30 Ab-initio and classical molecular dynamics 
simulations of non-thermal structural 
phenomena in laser excited solids     
                                                       M. García 

Dipole coupled trilayers and exchange bias: 
experimental results and theoretical 
interpretation        
                                          M. Kiwi 

Topological properties of the inhomogeneous 
Kitaev chain     
                                                        G. Martinez 

18:00 Thermodynamics of subnanoscopic magnetic 
particles 
                                                       E. Vogel 

The challenge and the role of f-electrons in 
catalysis: A theoretical perspective on cerium 
oxide-based catalysts  
                                          V. Ganduglia Pirovano 

Fractional spinon excitations in the triangular 
Heisenberg model   
                                                        A. Trumper 

18:30 Modelling growth of Cerium oxide crystalline 
surfaces       
                                                       R. Barrio 

Confinement and fermion doubling problem in 
Dirac-like Hamiltonians  
                                          G. Ferreira 

From skyrmions to Z 2 vortices in chiral 
magnets    
                                                        D. Cabra 

19:00 Bilayer graphene under pressure: Electron-
hole Symmetry Breaking, Valley Hall Effect, 
and Landau Levels     
                                                       J. Sofo 

 Atomic Pair Distribution Function, a powerful 
tool in materials science: Some examples 
obtained at Brazilian Synchrotron Light 
Laboratory     
                                                        M. Saleta 

 
 
 

19:30   Panamericano – Las Américas   Closing Remarks  -  SLAFES XXIII  End 

 

 
  



 

 



Plenary

Talks
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Plenary Talks

Tuesday - 10:10 hs
Topological Quasiparticles: Magnetic Skyrmions

Axel F. Hoffmann1

1Materials Science Division, Argonne National Laboratory, Argonne, IL 60439, USA

E-mail: hoffmann@anl.gov

The field of spintronics, or magnetic electronics, is maturing and giving rise to new subfields. An important
ingredient to the vitality of magnetism research in general is the large complexity due to competitions between
interactions crossing many lengthscales and the interplay of magnetic degrees of freedom with charge (electric
currents), phonon (heat), and photons (light). One perfect example, of the surprising new concepts being genera-
ted in magnetism research is the recent discovery of magnetic skyrmions. Magnetic skyrmions are topologically
distinct spin textures that are stabilized by the interplay between applied magnetic fields, magnetic anisotropies,
as well as symmetric and antisymmetric exchange interactions [1]. Due to their topology magnetic skyrmions
can be stable with quasi-particle like behavior, where they can be manipulated with very low electric currents.
This makes them interesting for extreme low-power information technologies, where it is envisioned that data
will be encoded in topological charges, instead of electronic charges as in conventional semiconducting devices.
Towards the realization of this goal we demonstrated magnetic skyrmions in magnetic heterostructures stable at
room temperature, which can be manipulated using spin Hall effects. Furthermore, using inhomogeneous electric
charge currents allows the generation of skyrmions in a process that is remarkably similar to the droplet forma-
tion in surface-tension driven fluid flows [2]. However, detailed micromagnetic simulations show that depending
on the electric current magnitude there are at least two regimes with different skyrmion formation mechanisms.
Lastly, we demonstrated that the topological charge gives rise to a transverse motion on the skyrmions, i.e., the
skyrmion Hall effect, which is in analogy to the ordinary Hall effect originating from the motion of electrically
charged particles in the presence of a magnetic field [3].

* This work was supported by the U.S. Department of Energy, Office of Science, Materials Sciences and Engineering
Division.

[1] W. Jiang et al., Phys. Rep. 704, 1 (2017).
[2] W. Jiang, et al., Science 349, 283 (2015).

[3] W. Jiang, et al., Nature Phys. 13, 162 (2017)

Tuesday - 11:10 hs
The Superconducting Order Parameter in Real Space

E.K.U. Gross1

1Max Planck Institute of Microstructure Physics, Halle (Saale), Germany

E-mail: hardy@mpi-halle.mpg.de

A prominent challenge of modern condensed-matter theory is to predict reliably material-specific proper-
ties of superconductors, such as the critical temperature. In this lecture, an overview of the superconducting
version of density functional theory (SCDFT) will be given. The central quantity of SCDFT is a universal
exchange-correlation functional that depends both on the electronic density and on the superconducting order
parameter [1]. With the best available approximations of this functional, SCDFT is a genuine ab-initio theory
with full predictive power, allowing one to determine the critical temperature of phonon-driven superconductors
within a few percent of experiment. Examples of intermetallic compounds as well as hydrogen-rich materials
under pressure will be presented. Apart from Tc, other quantities, in particular the order parameter itself, are
directly accessible in SCDFT. We analyze how the order parameter in real space is related to the chemical
bonding structure and how it reflects the underlying pairing mechanism: Regions in the unit cell that provide
an attractive coupling can be beautifully distinguished from those that contribute via Coulomb renormaliza-
tion and those that are not coupled at all [2]. Being a function of two position vectors, the superconducting
order parameter, χ(r, r′), is best analysed as function of the coordinates R = (r + r′)/2 and s = (r − r′), the
center-of-mass and the relative coordinate of the Cooper pair. As function of R, the order parameter reveals
the symmetry of the underlying crystal structure and the local strength of chemical bonds. As function of the
relative coordinate, s, the order parameter reveals the internal symmetry of the Cooper pair, representing, e.g.,
s-wave, p-wave, or d-wave pairing. SCDFT offers a route to locally tailoring the order parameter in superconduc-
ting nanostructures, i.e. making the order parameter larger or smaller in predefined regions of space [3]. Finally,
to go beyond the class of phonon-driven superconductors, we deduce a parameter-free effective electron-electron
interaction that accounts for superconducting pairing driven by spin-fluctuations. The construction is based on
a combination of many body perturbation theory with time dependent density functional theory. Results for

17



Plenary Talks

some of the Fe-based superconductors will be presented, taking into account on the same footing phonon, charge
and spin-fluctuation mediated Cooper pairing.

[1] L.N. Oliveira, E.K.U. Gross, W. Kohn, Phys.Rev.Lett. 60, 2430 (1988).
[2] A. Linscheid, A. Sanna, A. Floris, E.K.U. Gross, Phys. Rev. Lett. 115, (2015).
[3] M.Schackert, T. Märkl, J. Jandke, M. Hölzer, S. Ostanin, E.K.U. Gross, A. Ernst, W. Wulfhekel, Phys. Rev. Lett.
114, 047002 (2015).

Wednesday - 9:00 hs
The rich non-linear world of spin transfer torque driven magnetodynamics - from
novel magnetic solitons to long range mutual synchronization.
Johan Åkerman1

1Department of Physics, University of Gothenburg, Sweden

E-mail: akerman@kth.se

A little over 20 years ago, Slonczewski and Berger predicted that a spin-polarized current could transfer
angular momentum from flowing electrons to the local magnetization, exerting a so-called spin transfer torque
(STT), which can act as a local source of spin wave anti-damping. A few years later, experimentalists were able
to demonstrate that STT and anti-damping could indeed be used to both switch the magnetic state of a magnet
and keep it in a sustained state of precession. The so-called spin Hall effect (SHE) can produce a pure spin
current in a direction perpendicular to the charge current and exert a substantial STT on an adjacent magnetic
layer. As a consequence, the SHE can also be used for magnetic switching and driven magnetization precession.

In my talk, I will describe devices that use STT from a spin-polarized current or from the SHE to sustain
magnetization precession; these are called spin torque nano-oscillators (STNOs) and spin Hall nano-oscillators
(SHNOs) and can generate microwave frequencies over a very wide frequency range [1]. At low currents, these
devices typically oscillate on one of the available linear spin wave modes, albeit in a high-intensity, non-linear
regime. At higher currents, however, the high spin wave density can condense into even more non-linear, particle-
like, spin wave excitations on the nano-scale – so-called magnetodynamical solitons, among which the spin wave
bullet [2] and the magnetic droplet [3] are prominent examples. Individual high-intensity spin wave regions can
also interact with each other, leading to so-called mutual synchronization [4,5]. SHNOs exhibit particularly
strong interactions and we can now create large two-dimensional arrays of up to 100 mutually synchronized
SHNOs. In addition to being the most promising candidates for broadband microwave signal generators, such
arrays are also ideal for neuromorphic computing based on oscillator networks [5], for use in ultrafast pattern
matching and reservoir computing.

[1] T. Chen, R. K. Dumas, A. Eklund, P. K. Muduli, A. Houshang, A. A. Awad, P. Dürrenfeld, B. G. Malm, A. Rusu,
and J. Åkerman, Proc. IEEE 104, 1919 (2016)
[2] S. Bonetti, V. Tiberkevich, G. Consolo, G. Finocchio, P. Muduli, F. Mancoff, A. Slavin, and J. Åkerman, “Experimental
evidence of self-localized and propagating spin wave modes in obliquely magnetized current-driven nanocontacts”, Phys.
Rev. Lett. 105, 217204 (2010)
[3] S. M. Mohseni, S. R. Sani, J. Persson, T. N. A. Nguyen, S. Chung, Y. Pogoryelov, P. K. Muduli, E. Iacocca, A.
Eklund, R. K. Dumas, S. Bonetti, A. Deac, M. A. Hoefer, and J. Åkerman, “Spin Torque-Generated Magnetic Droplet
Solitons”, Science 339, 1295-1298 (2013)
[4] A. Houshang, E. Iacocca, P. Dürrenfeld, S. R. Sani, J. Åkerman, and R. K. Dumas, “Spin-wave-beam driven synchro-
nization of nanocontact spin-torque oscillators”, Nature Nanotechnology 11, 280-286 (2016)
[5] A. A. Awad, P. Dürrenfeld, A. Houshang, M. Dvornik, E. Iacocca, R. K. Dumas, and J. Åkerman, “Long-range mutual
synchronization of spin Hall nano-oscillators”, Nature Physics 13, 292-299 (2017)

Wednesday - 9:55 hs
Magnetic Nanoparticles
Patricio Vargas1

1 Depto. de F́ısica, Center for the Development of Nanoscience and Nanotechnology (CEDENNA), Univ. Técnica
Federico Santa Maŕıa, Valparáıso, Chile

E-mail: patricio.vargas@usm.cl

Nanoparticles are among the most studied objects in nanoscience because many of them are easy to synthetize
and characterize, moreover there are many simple uses of them for a variety of applications. Depending upon the
synthesis methods, nanoparticles are of a variety of forms and shapes. They range from spherical nanoparticles to
nanotubes, passing for nanowires, nanopilars, nanocones, and combinations of those. Among the nanoparticles
we are interested in those that show magnetic properties. In particular we will report on the behavior of
ensembles of nanoparticles of different shapes as a function of temperature and external magnetic field. We will
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first show that considering an ensemble of interacting nanoparticles, their magnetic behavior as a function of
temperature and external field can be described by using a much smaller system in which the strong exchange
interaction has been scaled down in order that the effects of the dipolar interaction occur at smaller sizes.
This scaling procedure is a universal property that links the exchange and the dipole-dipole interaction among
magnetic moments. This procedure, combined with a Monte Carlo simulation code provides an alternative way
to micromagnetic methods to study the behavior of magnetic systems with temperature. On the other hand
we will also show that a system of non-interacting nanoparticles can show, in susceptibility measurements,
ferromagnetic or antiferromagnetic behavior even though there is no interaction between them. We also will
focus on interesting topological effects that affect the kinetic of magnetic walls in nanoparticles such as the
breaking of chiral symmetry in vortex domain wall propagation in ferromagnetic nanotubes. Last we will show
some interesting applications of nanoparticles in the field of packing, mining and medicine.

Wednesday - 11:20 hs
Chirality at the Nanoscale
Cecilia Noguez1

1Instituto de F́ısica, Universidad Nacional Autónoma de México, Cd. México, México

E-mail: cecilia@fisica.unam.mx

Chirality, the asymmetric property of non-superposable mirror images (enantiomers), is present in molecules
and compounds that are essential for life. Chirality also exists at the nanoscale, like in fullerenes, carbon
nanotubes, nanoclusters, and now in bilayer graphene. Chiral systems are optically active and exhibit electronic
circular dichroism (CD) in the same electromagnetic window where they absorb light. CD spectroscopy is
capable of measuring small differences in light extinction between the right- and left-circularly polarized light,
which makes CD a very sensitive tool to distinguish between left and right-handed enantiomers. Understanding
how to control and increase the sensitivity limits of CD spectroscopies would have a significant impact in pure
and applied sciences; providing a powerful tool for exploring and managing chirality-dependent phenomena,
including circular dichroism spectroscopies, templated enantioselective-growth in stereochemistry, electronic
spin filters in spintronics, among other fields.

In this talk, the mechanisms that originate and control optical activity in nanoscale systems such as twisted
bilayer graphene (TBLG) are identified using a time-perturbed density functional theory and the unfolding
band structure method. The experimental realization of thin films with full control of the structural handedness
down to the atomic scale, which is possible by stacking two graphene layers whose chiral properties are designed
by an interlayer rotation angle is investigated. Besides graphene (G), transition metal dichalcogenides, such as
tungsten disulfide (WS2), have been considered as promising building blocks in 2D vdW heterostructures with
improved and new properties. The vertical stacking of at least two atomic monolayers bonded by vdW forces
with different electronic behavior, i.e., G/WS2, leads to unusual hybrid nanostructures. Here, we discuss the
modulation of the electronic and optical properties of G/WS2 observed as a function of the interlayer angle of
rotation. Therefore, the control of the interlayer angle of rotation in the experimental procedure to construct
2D vdW heterostructures is crucial to design new devices like thin film transistors and optical modulators with
desired properties in nanoelectronics and nanophotonics.

Thursday - 9:00 hs
Studying defects and nano-materials using TEM
C. Barry Carter1

1Department of Chemical & Biomolecular Eng. and Department of Materials Science & Eng.
191 Auditorium Road, Storrs, CT 06269 USA

E-mail: cbarrycarter@gmail.com

When we really need to understand nanomaterials, we have to look at them; then there is no substitute for
transmission electron microscopy (TEM)[1,2], although scanning electron microscopy (SEM) is becoming ever
more complementary. But in many cases we don’t just want to look at them, we want to observe them while they
are changing, deforming, catalyzing, etc. This has led to the current interest in in-situ and operando experiments
in the TEM. While it is challenging to observe the nanomaterials, it is even more difficult to observe defects
in them. However, we now have more capability than ever before and are beginning to address long-standing
problems in materials analysis.

We have new specimen holders for in-situ deformation, heating, cooling and operando studies – we can
observed specimens can change in the microscope.

We have new capabilities for low-dose techniques – they are not just for biologist anymore.
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We have DTEMs (or UEMs) for observing what happens in very, very short times.
Our new cameras for allow both high-speed recording and low-dose imaging.
We have (or should have) remote operation of the instrument – you don’t need to travel from California to

New Mexico to use the microscope, or even to go into the lab.
Finally we have what visible-light microscopy has had for years–we can correct the spherical aberration on

the objective lens.

For the purpose of illustration, I will discuss defect processes occurring during lithiation as an example of using
operando and video techniques in the TEM, and consider the future of 4D studies of these defect processes.
Since 4D is a big jump from 2D, I’ll also consider what we are doing with 3D in electron microscopy. While
discussing these experimental programs, I will emphasize that computation is important but is not a substitute
for experimental observation; it is a guide to interpretation and a means for extending our understanding of
physical processes, but must be subject to experimental verification and is never be a substitute for experiment.

[1] Williams DB and Carter CB (2009). Transmission Electron Microscopy; A textbook for Materials Science, 2nd Ed.
Springer; NY.
[2] Carter CB and Williams DB Eds (2016). Transmission Electron Microscopy; Diffraction, Imaging, and Spectrometry,
1st Ed. Springer; NY.

Thursday - 9:55 hs
What governs the absorption of organic semiconductors for photovoltaic
applications?

Mariano Campoy Quiles1

1Nanostructured Materials Dept., Materials Science Institute of Barcelona (ICMAB-CSIC), Spain

E-mail: mcampoy@icmab.es

I will first introduce the field of organic photovoltaics and the fundamental steps governing the generation of
electric charge from light in this type of excitonic semiconductors, namely light absorption, exciton generation
and diffusion, charge transfer, charge transport and collection. This will be used to compare the main physical
properties of organic and inorganic semiconductors in terms of optical and electronic properties. In the case
of organic semiconductors, the very small charge carrier mobilities imply that active layers should remain very
thin to be able to collect the generated charge. To get as much charge as possible in such thin films, light
absorption should be broad and strong. I will focus the main part of my talk exactly on this very relevant topic:
what governs the absorption of organic materials? Specifically I will discuss 1) the correlation between charge
delocalization and bandgap; 2) the role of molecular orientation and conformation; 3) the role of crystallinity
and packing. If time allows, I will briefly compare organic semiconductors and a very promising new class of
photovoltaic materials, the hybrid halide perovskites.

Thursday - 11:20 hs
Dynamical Mean-Field Theory for Correlated Electron Materials

Dieter Vollhardt1

1Center for Electronic Correlations and Magnetism, Institute of Physics, University of Augsburg, D-86135 Augsburg,
Germany

E-mail: dieter.vollhardt@physik.uni-augsburg.de

The concept of “electronic correlations” plays an important role in modern condensed matter physics. It
refers to electronic interaction effects which cannot be explained within a static mean-field picture. Indeed,
electronic correlations strongly influence the properties of materials. While density functional theory and its
approximate implementations such as the local density approximation (LDA) are highly successful techniques
for the calculation of the electronic structure of many real materials, they miss characteristic features of corre-
lated electron systems, e.g., heavy quasiparticle behavior and Mott physics. In the last few years a remarkable
fusion of conventional band structure theory and many-body theory, based on the dynamical mean-field theory
(DMFT), has taken place [1]. The resulting computational scheme LDA+DMFT led to important insights into
the properties of strongly correlated materials. In this talk I will present a broad introduction to electronic
correlations in materials and the LDA+DMFT approach. In particular, I will address a fundamental question:
How does the Coulomb repulsion between electrons influence the lattice stability of solids? It turns out that the
structural properties of many materials, such as transition metals and their compounds, can only be explained
if correlations between the electrons are explicitly taken into account. For this purpose the total energy of co-
rrelated materials is computed as a function of the atomic positions and the unit cell parameters by employing
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a generalization of the LDA+DMFT scheme. Thereby it is possible to assess the influence of electronic correla-
tions on structural transformations and the phase stability of the ionic lattice. Results are presented for several
exemplary materials such as the equilibrium Jahn-Teller distortion of KCuF3 [2], elemental Fe above the Curie
temperature [3], and the iron chalcogenide FeSe [4].

[1] G. Kotliar and D. Vollhardt, Physics Today 57, No. 3 (March), 53, (2004); G. Kotliar et al., Rev. Mod. Phys. 78, 865
(2006); DMFT at 25: Infinite Dimensions; E. Pavarini, E. Koch, D. Vollhardt, A. Lichtenstein (Eds.), Forschungszentrum
Jülich (2014) [http://www.cond-mat.de/events/correl14/manuscripts/correl14.pdf].
[2] I. Leonov et al., Phys. Rev. Lett. 101, 096405 (2008); Phys. Rev B 81, 075109 (2010).
[3] I. Leonov et al., Phys. Rev. Lett. 106, 106405 (2011); Phys. Rev. B 85, 020401 (2012); Sci. Rep. 4, 5585 (2014).

[4] I. Leonov et al., Phys. Rev. Lett. 115, 106402 (2015); S. L. Skornyakov et al., Phys. Rev. B 96, 035137 (2017).

Friday - 9:00 hs
Frustration: the source of magnetic skyrmions, skyrmion crystals and other
topological solitons
Cristian D. Batista1, 2, 3

1 Department of Physics and Astronomy, University of Tennessee, Knoxville, TN, USA
2 Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, TN, USA
3 Shull-Wollan Center, Oak Ridge National Laboratory, Oak Ridge, TN, USA

E-mail: cbatist2@utk.edu

In 1960, Tony Hilton Roy Skyrme proposed a model for nuclear forces in which the fundamentals fields
consisted of just pions [1]. The nucleon was then obtained as certain configuration of pion fields. In modern
language, this “Skyrmion” is an example of a topological soliton. Skyrme’s vision of particles emerging from a
fundamental bosonic field had a long-term impact on several fields of physics. In 1979 Witten demonstrated a
connection between Skyrme’s model and a low-energy theory for QCD in the limit of large number of colors.
Klebanov found a Skyrmion crystal solution in 1985, whose phenomenological application is a neutron crystal
emerging under high pressure in neutron stars. Skyrmion crytals were also reported in liquid crystals and
predicted for quantum Hall systems near filling fraction ν = 1. Hexagonal skyrmion crystals were also predicted
to exist in chiral magnets with easy-axis anisotropy [2]. In 2009, Mühlbauer et al. reported the discovery of
a Skyrmion lattice phase in the chiral magnet MnSi by a small angle neutron scattering study (SANS) [3].
Subsequent experiments, including real-space images using Lorentz transmission electron microscopy (Lorentz
TEM), reported similar skyrmion crystal phases in chiral magnets belonging to the same (B20) family. I will
put these discoveries in a more general context to discuss alternative ways of stabilizing skyrmion crystal phases
in centrosymmetric (non-chiral) magnets. We will see that skyrmion crystals can naturally arise out of the
combination of three simple ingredients: frustration, six-fold lattice symmetry and easy-axis anisotropy. The
origin of this phase is very different from the skyrmion crystals that emerge in chiral magnets. Because the
chiral and U(1) symmetries are spontaneously broken in non-chiral magnets, their metastable single skyrmions
have different properties [4]. Moreover, we will see that frustration enables the formation of FCC and HCP
pancake skyrmion crystals [5]. If time permits, I will discuss other topological solitons, such as Hopfions [6] and
3D point-like Skyrmions, which should eventually appear in magnetic systems

[1] T. H. R. Skyrme, Proc. Roy. Soc. (London) A260, 127 (1961).
[2] A. N. Bogdanov and D. A. Yablonskii, Sov. Phys. JETP 68, 101 (1989).
[3] S. Mühlbauer et. al., Science 323, 915 (2009).
[4] C. D. Batista, S-Z. Lin, S. Hayami and Y. Kamiya, Rep. Prog. Phys 79, Number 8.
[5] Shi-Zeng Lin and Cristian D. Batista, Phys. Rev. Lett. 94, 174420.

[6] Paul Sutcliffe, Phys. Rev. Lett. 118, 247203 (2017).

Friday - 9:55 hs
Structural stability, electronic and magnetic properties of bimettalic
nanostructures
José Luis Morán López1

1 División de Materiales Avanzados, Instituto Potosino de Investigación Cient́ıfica y Tecnológica San Luis Potośı,
México

E-mail: joseluis.moran@ipicyt.edu.mx

I pretend to give an overview of the structural stability, electronic and magnetic structure of magnetic bime-
tallic nanostructures from the experimental and theoretical point of view. In particular I present an exhaustive
study of the structural and magnetic properties of Fe(7 − n) Ptn bimetallic clusters with n = 1, 2 . . . 7. Based
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on ab initio density functional theory that includes spin-orbit coupling and graph theory, the ground state
geometry, local chemical order and spin and orbital magnetic moments are calculated. We show how the system
geometry evolves gradually from 3-d Fe to quasi-planar Pt clusters as a function of n. These calculations show
also that SOC is necessary to describe correctly the composition dependence of the binding energy of these
nanoalloys. We observe that the ground state geometries on the Fe rich side resemble the fcc structure adopted
by bulk samples. Furthermore, we onserve how the spin and orbital magnetic moments depend on the chemical
concentration and order.

Friday - 11:20 hs
Topological Properties of Dynamically Driven Quantum Systems

Carlos A. Balseiro1

1Centro Atómico Bariloche and Instituto Balseiro

E-mail: balseiro@cab.cnea.gov.ar

In quantum systems, the topological structure of the wave functions has profound physical consequences
that are reflected in their response against different probing fields. Periodically-driven quantum systems can
generate new electronic and gauge structures with topological order. In condensed matter systems this creates
the opportunity to engineer non-trivial band structures and control topological transitions. However the non-
local topological invariants that define the properties of systems in equilibrium are not directly related to the
response of driven systems. The quest for controlling topology and find novel way to detect and characterize
topological transitions by periodically time-depend perturbations has drawn increasing attention during the last
years. In this talk two examples of different nature will be presented: Graphene and graphene-like materials
subject infrared laser radiation and three terminal Josephson junctions with microwave radiation. Different
protocols and strategies to detect and characterize topological phases will be discussed.
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Tuesday - 14:00 hs
Microscopic view of hydrogen motion from neutron scattering

Heloisa N. Bordallo1, 2

1The Niels Bohr Institute, University of Copenhagen, DK-2100, Copenhagen, Denmark
2European Spallation Source, P.O Box 176, SE-221 00 Lund, Sweden

E-mail: bordallo@nbi.ku.dk

Neutron science is the science of everyday life, providing a microscopic view of the materials we rely on
daily. Neutrons, similarly to X-rays, penetrate matter. However, unlike X-rays, neutrons interact with matter
in a different manner, thus allowing the identification of elements with very low molecular weight, including
hydrogen. While X-rays allow the characterization of the microstructure of materials, neutron imaging provides
information on proton distribution within this structure. For this reason, both X-rays and neutron imaging,
complemented by neutron spectroscopy, which brings information about hydrogen mobility, can contribute for
better understanding of complex structures. In this talk I will discuss on this promising approach by presenting
a couple of specific examples. The first is related to the investigation of the highly intricate pore structure
of dental cements [1,2] and the second to a recent study of the encapsulation of the HBsAg protein, used in
the Hepatitis B vaccine, into the SBA-15 adjuvant [3]. Finally I will give a brief overview in how solid-state
techniques can in general be used in studying encapsulation process and release of drugs [4,5,6].

[1] A.R. Benetti, J. Jacobsen, B. Lehnhoff, N.C.R. Momsen, D.V. Okhrimenko, M.T.F. Telling, N.Kardjilov, M. Strobl,
T. Seydel, I. Manke and H.N. Bordallo (2015) How mobile are protons in the structure of dental glass ionomer cements?
Sci. Rep. 5, 8972 (8 pages)
[2] M. C. Berg, A. R. Benetti, M.T. F. Telling, T. Seydel, D. Yu, L. Daemen and H.N. Bordallo (2018) Nanoscale Mobility
of Aqueous Polyacrylic Acid in Dental Restorative Cements. ACS Applied Materials & Interfaces. DOI: 10.1021/acsa-
mi.7b15735
[3] Martin Kjærulf Rasmussen, BSc & MSc thesis- University of Copenhagen 2015 & 2017.
[4] M.L. Martins, R. Ignazzi, J. Eckert, B. Watts, R. Kaneno, W. F. Zambuzzi, L. Daemen, M. J. Saeki and H.N.
Bordallo (2016) Restricted mobility of specific functional groups reduces anticancer drug activity in healthy cells. Sci.
Rep. 6, 22478; doi: 10.1038/srep22478.
[5] E. C. dos Santos, Z. Rozynek, E. L. Hansen, R. Hartmann-Petersen, R. N. Klitgaard, A. Lobner-Olesen, L. Michels,
A. Mikkelsen, T. S. Plivelic, H. N. Bordallo and J. O. Fossum (2017) Ciprofloxacin intercalated in fluorohectorite clay:
Identical pure drug activity and toxicity with higher adsorption and controlled release rate. RSC Adv. 7, 26537-45
[6] M. L. Martins, J. Eckert, H. Jacobsen, E. C. dos Santos, R. Ignazzi, D. R. de Araujo, M.-C. Bellissent-Funel, F. Natali,
M. M. Koza, A. Matic, E.de Paula and H. N. Bordallo (2017) Probing the dynamics of complexed local anesthetics via
neutron scattering spectroscopy and DFT calculations. Int. J. Pharm. 524, 397-406.

Tue 15:00 OTA-VIII-1

Probing low-energy excitations in conden-
sed matter with Inelastic X-ray scattering
Mori T. J. A.1, Schio P.1, Silva W. S.1, Cezar J. C.1,
Rocha T. C. R.1
1 Laboratorio Nacional de Luz Sincroton, Brasil

E-mail: thiago.mori@lnls.br

Ultimately it is the excitations that tell us everyt-
hing we want to know about the behavior of a sys-
tem. Particularly, in strongly correlated systems, elec-
trons have couplings of the charge, lattice, spin and
orbital degrees of freedom that give rise to an enor-
mous variety of collective excitations and quasi parti-
cles, ranging from the well-known phonons, plasmons
and magnons to the more exotic Dirac and Weyl fer-
mions. Because of the incredible range of momentum
and energy scales of interest, different complemen-
tary probes must be used to study these excitations.
Most knowledge about excitations in condensed mat-
ter, with few notable exceptions, came from scatteri-

ng experiments using thermal visible light or thermal
neutrons. It was only in the past ten years, that inelas-
tic X-ray scattering (IXS) have been systematically
used to study condensed matter excitations. This late
blooming is related to the intrinsic difficulties to per-
form IXS experiments. The elastic X-ray scattering
is a coherent process, which means that x-rays scat-
tered by individual atoms from crystalline solid add
up coherently to high intensities at certain confined
angles. Inelastic X-ray scattering, on the other hand,
is weak, diffuse in angle and very difficult to resolve
in energy. Systematic experiments, became possible
only with the advent of high brilliance 3rd genera-
tion synchrotron sources and simultaneous develop-
ment of high performance spectrometers. Since then,
many excitations have been probed with IXS on seve-
ral condensed matter systems [1]. This valuable tool
will be soon available to the Latin American commu-
nity at the IPE beamline at Sirius, the 4th generation
synchrotron source under construction in Campinas,
Brazil. In this seminar, we will present an introduction
to IXS methods with particular attention to the reso-
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nant inelastic X-ray scattering technique (RIXS). We
will discuss the basic aspects of the technique using
selected examples from the literature and present the
current status of the development of the beamline and
the spectrometer.

[1] Resonant Inelastic X-ray Scattering Studies of Elemen-

tary Excitations. Ament, L. J. P., Rev. Mod. Phys. 83,

(2011).

Tue 15:30 OTA-VIII-2

Electronic and Structural Properties of
Solid Oxide Fuel Cells Compounds In-
Operando Conditions
Napolitano F.1, Baqué L.1, Arce M.1, Basbús J.2,
Mogni L.1, Mansilla Y.2, Troiani H.1, Serquis A.1
1 Centro Atómico Bariloche - CONICET, Comisión

Nacional de Enerǵıa Atómica
2 Centro Atómico Bariloche - Comisión Nacional de

Enerǵıa Atómica

E-mail: aserquis@cab.cnea.gov.ar

The development of intermediate temperature solid
Oxide Fuel Cells (IT-SOFC) as high efficient energy
conversion systems requires the optimization of its
components: cathode, anode and electrolyte. The per-
formance of IT-SOFC mainly depend on the structu-
ral, morphological and electrical properties of its com-
ponents and the ideal situation is to studied them in-
situ or in-operation conditions. In our group we have
been working in the design of a multipurpose instru-
ment capable to perform measurements of X-ray and
electrochemically related techniques simultaneously
under non-ambient conditions (high temperature un-
der a wide variety of atmospheres) or even in-operando
measurements of high temperature electrochemical
devices. We present some results of the measurements
of the structural and/or electronic changes of several
materials using the developed cell in the high tem-
perature X-ray laboratory diffraction camera and in
the X-ray powder diffraction (XPD) and X-ray absor-
ption (XAFS) synchrotron beamlines at LNLS. Some
of the studied systems are: the gadolinium-doped ce-
ria (GDC) that is considered as one of the most pro-
mising electrolytes for IT-SOFC, composite materials
formed by NiO and GDC which were widely studied

for the preparation of efficient anodes and perovs-
kite materials such as La(1−x)SrxCo(1−y)FeyO(3−d)
(LSCF) that were recognized as excellent cathodes.
The structural and morphological characteristics are
analyzed by X-Ray Diffraction and Transmission and
Scanning Electron Microscopy, respectively. The co-
rrelation between the electrochemical behavior, elec-
tronic properties and microstructural characteristics
will be discussed.

Tue 16:00 OTA-VIII-3

Chemical Vapour Deposition Graphene
Grown on Dielectric Substrates Through
Catalyst Metal
Serkovic L.1, Rodŕıguez A.1, Esparza A.2
1 Instituto de F́ısica, Universidad Nacional Autónoma de

México
2 Centro de Ciencias Aplicadas y Desarrollo Tecnológico,

Universidad Nacional Autónoma de México

E-mail: serkovic@fisica.unam.mx

Graphene is a one-atom layer carbon material which
has promising applications in electronics due to its
high electron mobility and very low thickness. Many
attempts have been made to clean the polymer re-
sidues after CVD graphene has been transferred to
a substrate different from the one on which it was
grown. However, this is not an easy task because a
very thin layer of polymer remains on graphene, di-
minishing its electron mobility. In this work, we ma-
naged to grow graphene on a thin copper film grown
on a SiO2/Si wafer [1]. Carbon atoms from methane
diffuse through the copper film and produce graphene
on the copper-SiO2 interface. After etching the copper
film, we obtain directly graphene on the SiO2 surface,
ready to measure its electronic conductivity parame-
ters without the polymer contamination. Our current
goal is to refine this technique in order to directly grow
graphene on copper patterns drawn on a SiO2/Si wa-
fer, thus avoiding the transference processes and the
negative effects it has on the graphene film. This result
could be of great use in the creation of microcircuits
with graphene components.

[1] Ching-Yuan-Su et al., Nano Letters 11 (2011) 3612.
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NH-Edelweiss - Cóndor

Tuesday - 14:00 hs
Experimental electronic structure of correlated-electron materials using ARPES

Andrés Santander-Syro1

1CSNSM IN2P3/CNRS, Univ. Paris Sud, Orsay, France

E-mail: andres.santander@csnsm.in2p3.fr

Strong electron interactions in solids lead to a wide realm of exotic, often poorly understood, states of matter
showing remarkable properties, such as high-temperature superconductivity or large magneto-resistance. To
understand such novel states of matter, and guide potential applications, it is essential to investigate their
microscopic electronic structure. This can be done using angle-resolved photoemission spectroscopy (ARPES),
a technique to directly image the band structure of a solid and how many-body interactions and phase transitions
affect it. This seminar will introduce the principles of ARPES and its application to the study of some correlated-
electron materials. In particular, we will discuss the ‘hidden-order’ transition in URu2Si2, whose associated
broken symmetry remains a riddle after 30 years of research, and the 2D electron gases at the surface of
transition-metal oxides, which offer an original avenue for using the properties of correlated materials in new
functional devices.

Tue 15:00 OTC-V-1

Strain effect on magnetic anisotropy in
artificially multiferroic heterostructures
Gomez M. E.1 2, Maŕın Mercado L.2, Ordoñez J. E.3,
Rodŕıguez L. A.1, Algarabel P.4 5, Morellón L.6
1 Departamento de F́ısica, Universidad del Valle, Cali,

Colombia
2 Centro de Excelencia de Nuevos Materiales - CENM,

Universidad del Valle, Cali, Colombia
3 Grupo Peĺıculas Delgadas, Departamento de F́ısica,

Universidad del Valle, Cali, Colombia
4 Departamento de F́ısica de la Materia Condensada,

Universidad de Zaragoza, 50009 Zaragoza, España
5 ICMA.CSIC, Universidad de Zaragoza, 50009 Zaragoza,

España
6 Instituto de Nanociencia de Aragón, Universidad de

Zaragoza, Zaragoza, España

E-mail: maria.gomez@correounivalle.edu.co

In multiferroic heterostructures magneto electric
coupling between a ferroelectric and a ferromagne-
tic material has been extensively studied as promi-
sing routes towards exclusively electric-field controlled
magnetism. In this work, we report the magnetic an-
isotropy in strain-coupled systems. We have systema-
tically growth ferromagnetic (FM) La2/3Sr1/3MnO3

(tLSMO=100 nm) / ferroelectric (FE) BaTiO3

(tBTO=100 nm), (LSMO/BTO), bilayers on (001)
oriented SrTiO3 (STO), (LaAlO3)0,3(Sr2TaAlO6)0,7
(LSAT), and LaAlO3 (LAO) substrates as a possi-
ble route to design artificially heterostructures with
possible magnetoelectric coupling. We have structu-
rally analyzed samples via X-ray reciprocal space
map, strain mapping using geometry phase analysis
(GPA) of high angle annular dark-field (HAADF) ima-
ges from scanning transmission electron microscopy,
and high resolution electron microscopy. Results re-
veal that LSMO grew epitaxially strained whereas
the BTO film grew relaxing its single-crystal struc-

ture through dislocations formed in the LSMO-BTO
interface. Samples also exhibited ferromagnetic or-
der with magnetization between 280-320 emu/cm3

at 300 K, making possible multiferroic behaviour at
room temperature. We realized magnetization hyste-
resis loops at 300 K, with the magnetic field (Happ

= 5 kOe) applied along different in-plane crystallo-
graphic directions for magnetic anisotropy analysis.
Magnetic polar results show that bilayer grown on
STO substrate exhibits a change in the magnetic
anisotropy from biaxial magnetic ordering (observed
in the LSMO/STO single-layer) to uniaxial magne-
tic ordering, probably due to strain induced by the
BTO layer on the top of LSMO layer. This effect
is not observed in the bilayers grown on LSAT and
LAO substrates. This result revealed that the su-
perficial strain effect induced a uniaxial anisotropy
when LSMO films is grown under tensile strain.

Tue 15:30 OTC-V-2

XPS analysis of nanostructured
Zr1−xCexO2 thin films
Manzini A.1, Luca V.2, Grizzi O.3 4, Zampieri G.3 4

1 Gerencia de Quimica, Centro Atómico Constituyentes,

CNEA
2 Programa Nacional de Gestión de Residuos Radiactivos,

CNEA
3 Instituto Balseiro - Universidad Nacional de Cuyo
4 Gerencia de F́ısica, Centro Atómico Bariloche, CNEA

E-mail: zamp@cab.cnea.gov.ar

There is a continuous demand in the nuclear in-
dustry of new materials that can withstand extreme
conditions of pressure, temperature, and radiation. In
this context, nanostructured materials are attractive
because the high surface-to-volume ratios offer a hig-
her proportion of defect sinks and potentially a greater
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tolerance to radiation.
In this report we present a characterization of meso-

porous thin films of Zr1−xCexO2 with X-ray photoe-
lectron spectroscopy (XPS). The films, grown on Si
substrates, were prepared with a high density of sphe-
rical porous to heighten the surface-to-volume ratio.
The Ce content varied between 0 ≤ x ≤ 0.3 and spe-
cial attention was given to detect the occurrence of
trivalent Ce.

The spectrum of the valence band of the film with
x = 0 shows a broad feature that falls to zero at 5.5
eV from the Fermi level, implying a very large band
gap. With the addition of Ce this edge moves towards
the Fermi level and a new peak develops in the band
gap, which is assigned to Ce4f electrons.

The Zr3d and O1s peaks both shift to smaller bin-
ding energies with x; these shifts, however, follow quite
precisely the shift of the valence band edge, and so all
the relative positions remain unchanged with the in-
corporation of Ce. The intensity ratio of the O1s and
Zr3d peaks do not increase as 2/(1−x), meaning that
the Ce incorporation is accompanied by the creation
of O vacancies.

The Ce3d photoelectron spectra show clear eviden-
ces of the presence of both tetra- and tri-valent Ce.
The relative intensities of the features associated to
both type of ions show that the proportion of triva-
lent Ce decreases with x.

Finally, the characterization of the same films af-
ter irradiation with I+ ions of 180 keV shows as the
main change a significant increase of the proportion
of Ce(III).

Tue 15:30 OTC-V-3

Control of the effective magnetic
anisotropy by interface coupling in
Fe3O4−core/Co1−xZnxFe2O4-shell na-
noparticles
Fabris F.1, Lima Jr. E.1, Zysler R.1, Troiani H.2,

Winkler E.1
1 Laboratorio de Resonancias Magnéticas, Centro Atómico

Bariloche, Gerencia de F́ısica, CNEA.
2 Centro Atomico Bariloche - Comisión Nacional de

Enerǵıa Atómica

E-mail: winkler@cab.cnea.gov.ar

The use of magnetic nanoparticles in different ap-
plications requires the fine control of the magnetic
anisotropy of the system; while the development of
novel permanent magnet and high density data sto-
rage demand highly anisotropic materials, biomedical
applications require superparamagnetic nanoparticles
at room temperature. The fabrication of bimagnetic
systems allows to combining materials with different
magnetic order and anisotropy, and it extends the pos-
sibility of design new materials with suited properties.
In this work we explore the evolution of the magnetic
anisotropy of exchange coupled core/shell system as a
function of the shell composition. The nanoparticles
are constituted by a ∼6 nm Fe3O4 core encapsulated
in a∼2 nm-thick Co1−xZnxFe2O4 (x = 0−1) ferrimag-
netic (FiM) shell. The nanoparticles were fabricated
by seed-mediated thermal descomposition of acetyla-
cetonates in diphenylether assisted by oleylamine and
oleic acid as surfactants. The system presents an en-
hancement of the coercivity field (HC) and thermal
stability as compared to its FiM single-phase coun-
terpart. The coercivity and the blocked temperature
increase monotonically when the Zn concentration de-
crease from HC ∼0.18 kOe and <TB >∼18 K for x =
1 to HC ∼7 kOe and <TB >∼170 K for x = 0. We
found that the effective magnetic anisotropy of the
system can be tuned by replacing Co2+ with Zn2+

ions in the shell, providing a new approach to tune
the magnetic properties and to design novel hybrid
nanostructures. A phenomenological model is used to
interpret the interplay among the different competing
factors on the magnetic hardening.
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Topological phenomena in ordinary quantum wells: what is the matter?

José Carlos Egues1

1Inst. de F́ısica de São Carlos, Univ. de São Paulo, Brazil

E-mail: egues@ifsc.usp.br

After an overview where I will cover the state of the art of the field (including the notions of topological and
Skyrmion Hall effects in chiral magnets) and the relevant basic ingredients (e.g. spin orbit interactions), I will
then discuss topological insulating behavior and skyrmions lattice formation in ordinary GaAs wells with two
subbands. I should also discuss some new results (by then hopefully published) concerning the existence of edge
states in non-topological quantum dots.

Tue 15:00 OTJ-IV-1

Rare-earth nitrides; semiconductors,
spin/orbit magnetism, tunnelling MRAM,
superconductivity
Trodahl J.1
1 MacDiarmid Institute for Advanced Materials and

Nanotechnology Victoria University of Wellington We-

llington 6140 New Zealand

E-mail: joe.trodahl@vuw.ac.nz

Spintronics, controlling the flow of electronic spin
in addition to the charge, promises speed and power-
demand advantages. But there are as yet few spin-
tronic devices on the market, in part due to a lack
of intrinsic ferromagnetic semiconductors that would
permit full exploitation of the coupled spin/charge
technology. To date the only full series of such ma-
terials are the mononitrides of the lanthanides, the
14 rare-earth elements. Many of the LN (L a lant-
hanide element) are intrinsic ferromagnetic dopa-
ble semiconductors, with strongly contrasting mag-
netic properties from the coupled spin and orbital
moments residing in the lanthanide 4f shells.[1] We
started investigating epitaxial and polycrystalline film
growth and electronic-magnetic properties of these
compounds ten years ago. In the past few years we be-
gan work on LN/L’N heterostructures including tun-
nelling structures.[2] Furthermore we have investiga-
ted integration with both the optical III-V semicon-
ductors and superconductors of interest for their po-
tential in central processors. Along the way there ha-
ve been many surprises, most recently that one of the
series, near-zero-magnetisation ferromagnetic SmN, is
superconducting below 4 K.[3]

My talk will cover the lot, the growth condi-
tions and crystal structure, control of their carrier
concentration, investigations of their coupled mag-
netic/electronic properties, tunnelling in device-like
structures and the observation of the remarkable su-
perconductivity in doped SmN.

[1] F. Natali et al, Prog. Materials Science 58, 1316 (2013).
[2] H. Warring et al, Phys. Rev. Appl. 6, 044002 (2016).

[3] E.-M. Anton et al, Phys. Rev. B 94, 024106 (2016).

Tue 15:30 OTJ-IV-2

Heterogeneity of microwave electromag-
netic field inside of artificial magnetic
crystal
Rinkevich A. B.1, Perov D. V.1
1 Institute of Metal Physics Ekaterinburg, Russia

E-mail: rin@imp.uran.ru

Artificial crystals attract attention due to the pos-
sibility to govern their refractive index by an external
magnetic field. The resonance phenomena allowing the
refractive index in magnetic materials to be negati-
ve, were investigated in paper [1]. The nanocomposite
artificial crystals with embedded magnetic nanoparti-
cles were obtained from opal matrices composed of the
submicron SiO2 spheres. The introduced particles are
sized from 5 to 60 nm. These artificial crystals con-
tain metallic cobalt, nickel and iron particles, nickel-
zinc ferrite and silver particles. The complex refractive
coefficients at frequencies of centimeter and millime-
ter wavebands are obtained as a function of magnetic
field. A parameter, characterizing the heterogeneity
of electromagnetic fields at different distances from a
magnetic particle, has been calculated.

The complex refraction coefficient can be expressed
via the effective dielectric permittivity and magnetic
permeability. For the nanocomposite with nickel-zinc
ferrite particles it is seen that at the lowest frequency
of this range, there is an interval of magnetic field near
zero field in which the refractive index becomes nega-
tive on micro-scale. Analysis of the space distribution
of the heterogeneity parameter for the artificial crystal
with metallic cobalt particles at 14 GHz in external
magnetic field shows that very strong variations of the
heterogeneity parameter are observed near ferromag-
netic resonance (FMR) and antiresonance, and much
smaller variations for the fields exceeding FMR. In
all cases the averaging over the distance in 2-3 times
exceeding the lattice parameter of the artificial opal
crystal leads to finish of strong oscillations.

[1] V.V. Ustinov, A.B. Rinkevich, D.V. Perov et al., J.

Magn. Magn. Mater., 324, 78 (2012).
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Tue 16:00 OTJ-IV-3

Synthetic antiferromagnet as a pure spin
current injector
Avilés-Félix L.1 2, Gómez J. E.1, Leiva L.2, Butera
A.1 2

1 Centro Atómico Bariloche - CONICET, Comisión

Nacional de Enerǵıa Atómica
2 Instituto Balseiro - Universidad Nacional de Cuyo

E-mail: lavilesf@gmail.com

The adaptability of crystal antiferromagnets (AF)
and synthetic antiferromagnets (SAF) in spintronic
devices based on spin Hall effects has emerged du-
ring the last 5 years. Recent works, both theoretical
and experimental, highlight the role of AF not only
as spin current injectors but also as angular momen-
tum propagators in ferromagnetic/heavy metal layer
(FM/ML) structures. The use of AF as spin current
injectors into adjacent normal metals with strong spin
orbit coupling (SOC) could lead to an enhancement
of the spin Hall signal near the spin-flop transition in
uniaxial antiferromagnets.

In this talk we report the use of a SAF (antife-
rromagnetically exchange coupled Co/Ru/Co) as a
spin current injector and the observation of spin pum-
ping and inverse spin Hall effects in [SAF]/Pt hete-

rostructures[1]. By exploiting the interlayer exchan-
ge coupling (oscillatory RKKY-like coupling) strength
and the spin-flop transition in the magnetization pro-
cess of the SAF it is possible to rotate the magnetiza-
tion of the Co layers at given angles away from the ex-
ternal magnetic field direction in resonance condition.
The misalignment due to the spin-flop magnetization
process combined with the spin pumping and the in-
verse spin Hall effect, allow to control and detect the
polarization direction of the spin current pumped in-
to the Pt. The control of the polarization direction of
the spin current was also achieved by controlling the
interlayer exchange coupling (IEC) via variations in
the Ru spacer in the SAF-Pt system. By controlling
the IEC strength and the spin flop transition in the
magnetization process, it is also possible to produce
spin currents polarized in different directions.

Our results can lead to important advances in hy-
brid spintronic devices with improved functionalities,
particularly the ability to control the polarization di-
rection of spin currents and also the change of the sign
of the ISHE signal induced in a metallic layer with the
strong spin-orbit interaction.

[1] L. Avilés-Félix, A. Butera, and J. E. Gómez, Applied

Physics Letters 110, 052402 (2017).
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Wednesday - 14:00 hs
Photonic Cooper Pairs

Belita Koiller1

1Instituto de F́ısica, Univ. Federal do Rio de Janeiro, Brazil

E-mail: bkoiller@gmail.com

The microscopic theory of superconductivity raised the disruptive idea that electrons couple through the
elusive exchange of virtual phonons, overcoming the strong Coulomb repulsion to form Cooper pairs. Light is
also known to interact with atomic vibrations, as, for example, in the Raman effect. We show that photon pairs
exchange virtual vibrations in transparent media, leading to an effective photon-photon interaction identical to
that for electrons in the BCS theory of superconductivity, in spite of the fact that photons are bosons. In this
scenario, photons may exchange energy without matching a quantum of vibration of the medium. As a result,
pair correlations for photons scattered away from the Raman resonances are expected to be enhanced. An
experimental demonstration of this effect is provided here by time-correlated Raman measurements in different
media. The experimental data confirm our theoretical interpretation of a photonic Cooper pairing, without the
need for any fitting parameters.

A . Saraiva, R. M. e Souza, M. F. Santos, BK (UFRJ, Rio, Brasil)
F. S. de Aguiar, A. Patrocinio Pena, C. H. Monken, A Jorio (UFMG, Brasil)

Phys. Rev. Lett. 119, 193603 - 2017

Wed 15:00 OWA-VI-1

Circular dichroism in twisted bilayer grap-
hene
Chico L.1, Suárez Morell E.2, Brey L.1
1 Instituto de Ciencia de Materiales de Madrid, Consejo

Superior de Investigaciones Cient́ıficas ICMM-CSIC,

Madrid, Spain
2 Universidad Técnica Federico Santa Maŕıa, Valparáıso,

Chile

E-mail: leonor.chico@icmm.csic.es

Recently, a strong circular dichroism (CD) has been
reported in twisted bilayer graphene (TBG) [1]. It
has been experimentally observed that, by changing
the magnitude and sign of the interlayer rotation, it
is possible to tune the energy, CD intensity and po-
larity. TBG consists of two graphene layers stacked
with a rotational mismatch, characterized by a rela-
tive rotation angle θ with respect to a perfect Bernal
stacking. The combination of rotation and finite sepa-
ration between the layers makes the mirror image of a
TBG with twist angle θ equal to TBG rotated an an-
gle −θ, being thus a chiral system. We show that the
origin of the optical activity in TBG is the rotation of
the Dirac fermions’ helicities in the top and bottom
layer [2]. Starting from the Kubo formula, we obtain a
compact expression for the Hall conductivity that ta-
kes into account the dephasing of the electromagnetic
field between the top and bottom layers including all
the symmetries of the system. Our results are based
in both a continuum and a tight-binding model, and
they can be generalized to any two-dimensional Dirac
material with a chiral stacking between layers.

[1] C J Kim, A Sánchez-Castillo, Z Ziegler, Y Ogawa, C

Noguez and J Park, Nat. Nanotech. 11, 520 (2016).

[2] Eric Suárez Morell, Leonor Chico and Luis Brey, 2D

Mater. 4, 035015 (2017).

Wed 15:30 OWA-VI-2

Bottom-Up Chalcogenides Nanocom-
posites with Enhanced Thermoelectric
Performance
Cadavid D.1, Liu Y.2, Zhang Y.2, Ortega S.2, Ibáñez
M.3 4, Cabot A.2 5

1 Facultad de Ciencias, Departamento de F́ısica- Sede

Bogotá, Universidad Nacional de Colombia
2 Catalonia Institute for Energy Research ? IREC, 08930

Sant Adrià de Besòs, Barcelona, Spain
3 Empa-Swiss Federal Laboratories for Materials Science

and Technology, Dübendorf, Switzerland
4 Institute of Inorganic Chemistry, Department of Che-

mistry and Applied Biosciences, ETH Zürich, Switzerland
5 ICREA, Pg. Llúıs Companys 23, 08010 Barcelona, Spain

E-mail: dycadavidr@unal.edu.co

During the last decade the field of thermoelectrics
has experienced many breakthroughs, mainly due to
the advances in design and engineering of nanostruc-
tured materials. The most explored strategies to pro-
duce bulk thermoelectric nanomaterials are grinding
and precipitation of secondary phases in metastable
solid solutions. These approaches lack of precise con-
trol over the distribution of phases at the nanosca-
le and suffer from limited compositional versatility.
Another alternative for nanostructuring is the use of
colloidal nanocrystals (NCs) that are assembled and
consolidated into bulk specimens [1]. Colloidal NCs
can be tuned in size, shape, crystal phase, and com-

31



Semi-Plenary and Contributed Talks

position and offer an exceptional platform for the pre-
cise and cost-effective engineering of bulk thermoe-
lectric nanomaterials [2, 3]. In this work, we present
the bottom-up production of nanocomposites based
on semiconductor chalcogenide NCs and metallic na-
noparticles. We show that with the appropriate as-
sembly methodology, nanocomposites with enhanced
thermoelectric properties can be produced. This no-
vel approach allows reducing the thermal conductivity
with a minimum effect on the electrical properties of
the material, enhancing the thermoelectric figure of
merit (ZT). We report values of ZT higher than 1,
which are promising results even comparable with cu-
rrent state of the art materials employed for commer-
cial thermoelectric devices.

[1] S. Ortega et al., Chem. Soc. Rev. 46, 3510 (2017).
[2] D. Cadavid, et al., Int. J. of Nanotechnology, Vol. 11,
Nr. 9/10/11, 773 (2014).

[3] Y. Liu et al., APL Materials 4, 104813 (2016).

Wed 16:00 OWA-VI-3

Acoustic phonon confinement by band
structure engineering
Esmann M.1, Ortiz Cabello O.1, Lamberti F.1, Gomez
Carbonell C.1, Lanco L.1, Senellart P.1, Lemaitre
A.1, Lanzillotti Kimura D.1
1 Centre de Nanosciences et de Nanotechnologies, Centre

National de la Recherche Scientifique, France

E-mail: daniel.kimura@c2n.upsaclay.fr

One of the fundamental building blocks in the engi-
neering of complex acoustic phonon devices is the pho-
nonic Fabry-Perot resonator. In this resonant struc-

ture two acoustic distributed Bragg reflectors (DBRs)
enclose a resonant acoustic spacer [1]. An acoustic ca-
vity shapes the local phononic density of states and
can dramatically modify the interactions between me-
chanical vibrations and other excitations in solids.
GaAs/AlAs based acoustic cavities appear as promi-
sing devices in the study of optomechanical pheno-
mena [2]. Furthermore, they are compatible with the
integration of quantum dots for the study of phono-
nic interactions with single quantum emitters. In this
work, we report two novel design strategies for the
confinement of acoustic phonons in cavities without a
phononic spacer. The first approach exploits the topo-
logical properties of acoustic GaAs/AlAs superlatti-
ces. The second one consists of adiabatically breaking
the periodicity in a DBR, creating a localized state
[3]. We discuss the design parameters and the confi-
nement characteristics. Based on these principles we
fabricated two nanocavities allowing the confinement
of phonons of 350 GHz. Raman scattering measure-
ments show clear peaks related to the maxima of the
acoustic density of states. The simulations based on
a photoelastic model reproduce all the main featu-
res of the signals, allowing a detailed identification of
the confined states. The presented results open a new
playground in the control of phonons and their inter-
actions with other excitations in solids, extending the
existing toolbox in the study of general localization
phenomena.

[1] M. Trigo, A. Bruchhausen, A. Fainstein, et al., Phys.
Rev. Lett., 89, 227402 (2002)

[2] N. D. Lanzillotti-Kimura, A. Fainstein, B. Jusserand,
et al., Ultrasonic, 56, 80 (2015)

[3] F. R. Lamberti, M. Esmann, L. Lanco, et al., Appl.

Phys. Lett., 111, 173107 (2017)
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Wednesday - 14:00 hs
Spin-state transition in the La1−xSrxCoO3 compounds

Miguel Abbate1

1Departamento de F́ısica Universidade Federal do Paraná, Caixa Postal 19044 81531-990 Curitiba PR Brasil

E-mail: miguel.abbate.gallego@gmail.com

We studied the electronic structure of the La1−xSrxCoO3 compounds from x = 0,0 to x = 1,0. The techniques
were photoemission (PES) and x-ray absorption (XAS) spectroscopy. The experiments were carried out at the

Laboratorio Nacional de Luz SÃncrotron (LNLS). The spectra were compared to band structure and cluster
model calculations. The cluster model was solved using the configuration interaction (CI) method. The purpose
was to determine the spin state of the Co ions as a function of x. To this end, the experimental results were
compared to calculations in different spin states. The present work was mostly intended to determine the spin
moments at room temperature. The investigation of the spin state as a function of temperature in LaCoO3 will
be also presented. The LaCoO3 material, with x = 0,0, shows mostly Co3+ ions in a non-magnetic low-spin
S = 0 state (the high-spin S = 2 component emerges only at higher temperatures). The LaCoO3 oxide is in
the so called negative charge transfer regime; this means that the ground state is dominated by the covalent
3d7L configuration (where L denotes a ligand hole). On the other hand, the SrCoO3 end member, with x = 1,0,
exhibits Co4+ ions in a ferromagnetic intermediate-spin S = 3/2 state. The SrCoO3 compound is also in the
negative charge transfer regime; the main configuration in the ground state is given by the covalent 3d8L
configuration. Finally, the results along the La1−xSrxCoO3 series suggest an inhomogeneous scenario, with
ferromagnetic domains (formed in the Sr-rich parts) embedded in a non-magnetic host (given by the La-rich
regions).

Wed 15:00 OWC-III-1

Evidence of Bose-Einstein condensation in
a quantum magnet formed by free radical
tetramers.
Saul A.1, Gauthier N.2, Moosavi Askari R.2, Cote
M.2, Bianchi A. D.2, Maris T.3, Reber C.3, Lanes
A.4, Luneau D.4, Nicklas M.5, Law J. M.6, Green E.
L.6, Wosnitza J.6, Feiguin A.7
1 Centre Interdisciplinaire de Nanoscience de Marseille,

Marseille , France
2 Departement de Physique, Universite de Montreal,

Montreal, Canada
3 Departement de Chimie, Universite de Montreal,
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4 Universite Claude Bernard Lyon 1, 69622 Villeurbanne
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Dresden, Germany
6 Helmholtz-Zentrum Dresden-Rossendorf, D-01314

Dresden, Germany
7 North Eastern University, EEUU

E-mail: saul@cinam.univ-mrs.fr

The exact mapping between spin S = 1/2 systems
and hard bosons proposed by Matsubara and Matsuda
in 1956 has opened the possibility of observing Bose-
Einstein condensates (BEC) in quantum magnets. Se-
veral experimental realizations can be found in the
literature, very often formed by interacting transition
metal dimers.

A typical scenario invokes a ground state descri-
bed by pairs of localized spins forming singlets. An
external magnetic field acts as an effective chemical

potential for triplet excitations that can subsequently
form the BEC. Since a finite magnetic field is neces-
sary to break the dimerized singlets, the temperature
versus magnetic field phase diagrams typically display
a “dome” structure bounded by two critical fields and
a field-dependent critical temperature.

BECs have also been observed in systems formed
by S = 1 dimers where the total spin can couple to
S = 0, 1, and 2. In these systems, two field-induced
domes are present, the first one corresponding to the
condensation of triplets and the second one to the con-
densation of quintuplets.

A similar behavior with two field-induced domes
can be expected in a system of weakly interacting
S = 1/2 tetramers. Unfortunately, contrary to the
large amount of low dimensional systems where the
magnetic centers form dimers, there are very few low
dimensional systems formed by interacting tetramers.
In these S = 1/2 systems, the large values of the mag-
netic interactions hinder the experimental evaluation
of the full phase diagram.

In this work, we present experimental and theore-
tical evidence of Bose-Einstein condensation in an or-
ganic crystal formed of weakly interacting S=1/2 te-
tramers. We show that the physics can be described
in terms of a fully rotational invariant system of quan-
tum spins without frustration. Two BEC phases exist:
at low fields, only the edge spins spins of each tetra-
mer contribute to the condensate, while at high-fields,
the order is determined by the two central spins. The-
se unusual BECs are separated by a quantum state
with half of the spins forming dimerized pairs, and
the other half aligned in the direction of the field.
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Wed 15:30 OWC-III-2

Is the ground-state of spin-ice like ice?
Grigera S.1
1 Instituto de F́ısica de Ĺıquidos y Sistemas Biológicos,

CONICET-UNLP

E-mail: sag@iflysib.unlp.edu.ar

This work addresses the question on the ground sta-
te of real spin-ice systems. Spin-ice are magnetic sys-
tems charaterised by big magnetic moments sitting
on a pyrochlore lattice. At first instance, the interac-
tion between these moments leads to magnetic frustra-
tion and the expectation of a extensively degenerate
ice-like ground state. Theoretical work and recent ex-
perimental evidence put this naive expectation into
question. In this talk I will discuss experimental work
and numerical simulations on two different spin-ice
systems, Dy2Ti2O7 and Ho2Ti2O7, that aim at elu-
cidating the true ground state of spin-ice materials.

Wed 16:00 OWC-III-3

Electronic many-body theory of the
laser-induced ultrafast demagnetization of
ferromagnetic transition-metals
Töws W.1, Pastor G. M.1
1 Institut für Theoretische Physik, Universität Kassel,

Germany

E-mail: pastor@uni-kassel.de

The ultrafast demagnetization dynamics of itine-
rant ferromagnets is theoretically investigated in the
framework of a many-body pd-band Hamiltonian,
which takes into account hybridizations, Coulomb in-

teractions, spin-orbit interactions and the coupling to
the laser field on the same electronic level. The ti-
me evolution during and after the pulse absorption
is determined exactly by performing numerical Lan-
czos propagations on a small cluster model with para-
meters appropriate for Ni. The calculated time evolu-
tions provide new insights into the laser-induced ultra-
fast demagnetization observed in ferromagnetic (FM)
transition metal thin films, thus establishing a fruitful
connection between the non-adiabatic quantum dyna-
mics and the well-known equilibrium statistical me-
chanics of itinerant-electron ferromagnets. The inter-
play between local spin-orbit interactions and inter-
atomic hopping is shown to be at the origin of the
observed post-excitation breakdown of FM correla-
tions between highly stable local magnetic moments.
The mechanism behind spin- and angular-momentum
transfer is revealed from a microscopic perspective by
rigorously complying with all fundamental conserva-
tion laws. A systematic study as a function of the
most relevant laser parameters shows that the fluence
F , wave length λ , polarization ~ε and pulse duration
τp allow one to control the total absorbed energy, the
spectral distribution of the initial excitation, and the
subsequent magnetization dynamics. However, chan-
ges in these parameters have only a minor influence
on the demagnetization time τdm. The robustness of
the ultrafast demagnetization effect is revealed, as a
phenomenon reflecting the intrinsic dynamics of the
metallic 3d valence electrons. The degree of demagne-
tization ∆Sz/S

0
z achieved for t � τdm is found to be

primarily controlled by the average number of absor-
bed photons νph, rather than by the absorbed energy
or other details of the pumping pulse. This opens new
well-focused possibilities of tailoring the efficacy of the
ultrafast demagnetization process.
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Optical and structural properties of Ge-like materials

José Menéndez1

1Department of Physics, Arizona State University, Tempe, AZ 85287-1504

E-mail: jose.menendez@asu.edu

The almost-but- not-quite direct character of the lowest band gap in Ge has prompted several parallel efforts
to induce a transition to a bona fide direct gap semiconductor via application of (hopefully modest) external
perturbations. This includes alloying with Sn, tensile strain, and the addition of dopants to raise the Fermi level
above the direct band gap. Activities in these areas for the past 15 years have culminated in the demonstration
of working lasers and promising device applications. They will be reviewed in this talk, with emphasis on the
structural properties of doped and alloyed Ge. The close proximity of the direct and indirect gaps in Ge-like
materials gives rise to unique optical spectroscopy effects, such as the simultaneous detection of direct and
indirect photoluminescence and the observation of resonant excitonic effects that cannot be described using the
classic Elliott theory of excitonic absorption in semiconductors. These will be described in detail, and a new
theory that accounts for the experimental absorption spectrum will be presented.

Wed 15:00 OWJ-II-1

Optoelectronic forces with quantum wells
for cavity optomechanics in GaAs/AlAs
semiconductor microcavities
Villafañe V.1, Sesin P.1, Soubelet P.1, Anguiano S.1,
Bruchhausen A.1, Rozas G.1, Gomez Carbonell C.2,
Lamaitre A.2, Fainstein A.1
1 Laboratorio de Fotónica y Optoelectrónica, Centro

Atómico Bariloche e Instituto Balseiro, Bariloche, Rı́o

Negro, Argentina
2 Centre de Nanosciences et de Nanotechnologies, Centre

National de la Recherche Scientifique, France

E-mail: viviana.villafanie@gmail.com

Radiation pressure, electrostriction, and photother-
mal forces have been investigated to evidence bac-
kaction, non-linearities and quantum phenomena in
cavity optomechanics. We show here that optoelec-
tronic forces involving real carrier excitation and de-
formation potential interaction are the strongest me-
chanism of light-to-sound transduction when exciting
with pulsed lasers close to the GaAs optical gap of
semiconductor GaAs/AlAs distributed Bragg reflec-
tor optomechanical resonators. We demonstrate that
the ultrafast spatial redistribution of the photoexci-
ted carriers in microcavities with massive GaAs spa-
cers leads to an enhanced coupling to the fundamental
20 GHz vertically polarized mechanical breathing mo-
de. The carrier diffusion can be limited by embedding
GaAs quantum wells in the cavity spacer, a strategy
used here to prove and engineer the role of optoelec-
tronic forces in phonon generation with real carriers.
The optical forces associated to the different interve-
ning mechanisms and their relevance for dynamical
backaction in optomechanics is evaluated using finite-
element methods. The results presented open the path
to the study of hitherto seldom investigated dynamical
backaction in optomechanical solid-state resonators in
the presence of optoelectronic forces.

Wed 15:30 OWJ-II-2

First principles study of photocatalityc
properties of epitaxially strained BiVO4
Reyes-Lillo S. E.1 2, Neaton J. B.2 3

1 Departamento de Ciencias Fisicas, Universidad Andres

Bello, Santiago, RM 837-0136, Chile
2 Molecular Foundry, Lawrence Berkeley National Labo-

ratory, Berkeley, CA 94720, USA
3 Department of Physics, University of California,

Berkeley, CA 94720 USA

E-mail: sereyeslillo@lbl.gov

Bismuth vanadate (BiVO4) is a promising photoca-
talyst semiconductor oxide for water splitting due to
strong visible light absorption and stability in aqueous
solution. However, the photoelectrochemical perfor-
mance of BiVO4 is limited by a relatively large optical
gap (∼2.5eV) and a low majority carrier mobility. Pre-
vious theoretical work has focused on the role of ex-
trinsic and intrinsic impurities to control and tune the
optical and transport properties of BiVO4; however,
the effect of anisotropic strain remains largely unex-
plored. Recently, thin films BiVO4 have been grown
using molecular beam epitaxy, opening new possibi-
lities to design BiVO4-based renewable solar energy
devices. In this work, we use first principles density
functional theory, hybrid functionals, and many-body
GW perturbation theory to investigate the effect of
epitaxial strain in the structural, electronic and trans-
port properties of BiVO4. We find that a moderate in-
plane epitaxial strain leads to a simultaneous decrease
of the optical gap and hole effective mass of BiVO4,
suggesting an enhancement of the photocatalytic per-
formance of BiVO4 upon suppression of the tetrago-
nal to monoclinic ferroelastic transition. We further
explore the effect of epitaxial strain on the local lat-
tice stability and formation energies of electron and
hole polarons and oxygen vacancies.
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Wed 16:00 OWJ-II-3

Energetics and electronic properties of
chlorine impurity in CdTe
Orellana W.1, Menéndez-Proupin E.2, Flores M.3
1 Departamento de Ciencias F́ısicas, Universidad Andres

Bello, Santiago, Chile
2 Departamento de F́ısica, Facultad de Ciencias, Univer-

sidad de Chile
3 Facultad de Ingenieŕıa y Tecnoloǵıa, Universidad San

Sebastián, Chile

E-mail: worellana@unab.cl

Cadmium telluride (CdTe) is one of the few II-VI
semiconductors that can be doped both n- and p-
type. Due to its near optimal band gap of 1.5 eV and
high absorption coefficient near the band edge, CdTe
is used as semiconductor absorber layer in photovol-
taic technology. However, in practice, p-type doping
is difficult to achieve. The origin of the low p-type
dopability in CdTe is not yet well understood, but it
has been suggested to be due to the low solubility of
the dopants, the introduction of deep levels, or self-
compensation. Chlorine doping via CdCl2 is one of
the well-established route to obtain high resistivity in
CdTe as a consequence of self-compensation. But, the
compensation mechanism responsible for the observed

semi-insulating condition is still debated, remaining as
an open question. In this work, the role of chlorine im-
purity in the electronic properties of CdTe is addres-
sed by density functional theory calculations inclu-
ding hybrid functional. Band structures and formation
energies of interstitial (Cli) and substitutional (ClTe,
ClCd) chlorine are reported. We also study the A cen-
ter, a complex formed by ClTe nearest neighbor to a
Cd vacancy (VCd). We find that Cli is stable at four
interstitial sites in CdTe with close formation energies,
showing both shallow-donor and shallow-acceptor cha-
racteristics, depending on the interstitial site. On the
other hand, ClTe and ClCd also show characteristics
of shallow donor and shallow acceptor, respectively,
but ClTe with the lowest formation energy, indicating
an energetically favorable impurity. In addition, the
A center is a single shallow acceptor with formation
energy comparable to that found for ClTe. Therefore,
our results suggest the that beneficial incorporation of
chlorine in CdTe as experimentally reported may be
associated to the compensation between ClTe and the
V1−

Cd defect presented in pretreated samples at Te-rich
growth condition. In the same way, Cli at its stable si-
tes may also contributed to compensate other defects
or impurities in CdTe.
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Friday - 14:00 hs
Past and future of spin-1/2 low-dimensional systems

José Lorenzana1

1Istituto dei Sistemi Complessi CNR, Sapienza Universitá di Roma, Italy

E-mail: jose.lorenzana@roma1.infn.it

Low-dimensional solids with arrays of spin 1/2 are the more quantum fluctuating magnets allowed by nature.
So far this class of materials has been dominated by systems containing Cu ions with a d9 configuration. I
will discuss the fascinating properties showed by these systems, including high-Tc superconductivity, fermionic
low-energy excitations in one-dimensional insulators and spin-Peierls behaviour. I will also discuss recent efforts
to find new spin-1/2 materials with a different ion in place of Cu and large magnetic exchange constants like in
cuprates.

Fri 15:00 OFA-IX-1

Potential Scattering in Kondo alloys:
DMFT-CPA and stat-DMFT approaches
Burdin S.1, Ferreira J. L.2, Lacroix C.2, Dobrosavlje-
vic V.3
1 Université Bordeaux, CNRS, LOMA, UMR 5798, 33400

Talence, FRANCE
2 Institut Néel, Centre National de la Recherche

Scientifique-Université Joseph Fourier, Grenoble - France
3 Department of Physics and National High Magnetic

Field Laboratory, Florida State University, Tallahassee,

Florida 32306, USA

E-mail: sebastien.burdin@u-bordeaux.fr

We study the low energy states of Kondo alloys as
function of the magnetic impurity concentration per
site, x, and the conduction electron average site occu-
pation, nc. First, using complementary the mean-field
coherent potential approximation (DMFT-CPA) and
the strong coupling limit, we identify and characte-
rize two different Fermi liquid regimes that may be
separated by a transition at x = nc [1, 2]. This fea-
ture could provide a scenario for unusual properties
that were recently observed in various Kondo alloy
systems. We then analyze the local potential scatteri-
ng on either Kondo or non-Kondo sites [3]. Using the
DMFT-CPA [1, 2] we show that the real part of the
local potential scattering may be located outside the
conduction electron band, revealing a possible break-
down of Luttinger theorem for intermediate values of
impurity concentration x. Unusual physical signatures
are expected, e.g., in ARPES experiments. In order to
take into account fluctuations associated with finite
dimensionality, we extend this analyse by also stud-
ying the Kondo alloy model with a stat-DMFT met-
hod [3]. We discuss the distributions of local potential
scattering and their evolution with model parameters
(concentration, strength of Kondo coupling, coordina-
tion number, local site neighborhood, connection with
percolation issue).

[1] S. Burdin, C. Lacroix, Phys. Rev. Lett. 110, 226403
(2013)
[2] S. Burdin, P. Fulde, Phys. Rev. B 76, 104425 (2007)

[3] S. Burdin, J.L. Ferreira, V. Dobrosalvjevic, C. Lacroix,

in preparation.

Fri 15:30 OFA-IX-2

Dynamics of few spin-1 bosons in double
wells
Gusmao M.1, Carvalho D.1, Foerster A.1
1 Instituto de F́ısica, UFRGS, Porto Alegre, RS, Brasil

E-mail: miguel.gusmao@ufrgs.br

With the advance of available technologies to con-
fine cold atoms in optically generated potential wells
and lattices, experimental realizations of theoretical
models originally proposed for condensed matter phy-
sics are possible, with good control of model parame-
ters. Here we focus on a generalized Bose-Hubbard
model for bosons of spin S=1, including a spin depen-
dent interaction besides the usual repulsive Hubbard-
U term. This additional interaction favors high or low
spin states in each well depending on the sign of its
coupling constant U’. Through exact diagonalization,
we study dynamical processes for different regimes
of inter-well tunneling and spin-dependent interaction
for fixed U, also varying the relative depths between
the wells (bias potential). Dynamics of such systems is
of great interest due to the high control of strongly en-
tangled states involved, a relevant feature for possible
quantum-computing applications. We pay special at-
tention to fine-tuning of different regimes, like condi-
tional single-particle tunneling, depending on occupa-
tion and bias, and the motion of bound pairs or larger
clusters. Since such processes have been experimen-
tally observed, we look for effects of spin-dependent
interaction that could also be detectable in experi-
ments.
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Fri 16:00 OFA-IX-3

Spin-orbit and anisotropic strain effects
on the electronic correlations of Sra2RuO4
Facio J. I.1, Vildosola V. L.2, Mravlje J.3, Pourovskii
L.4, Cornaglia P. S.5
1 IFW Dresden, Leibniz Institute
2 Departamento de F́ısica de la Materia Condensada,

CAC, CNEA-CONICET
3 Josef Stefan Institute,Ljubljana, Slovenia
4 Centre de Physique Theorique, Ecole Polytechnique,

France
5 Centro Atómico Bariloche - CONICET, Comisión

Nacional de Enerǵıa Atómica

E-mail: vvildosola@gmail.com

Sr2RuO4 is isostructural with the cuprate parent
compound La2CuO4. Since the discovery of the super-
conductivity in Sr2RuO4 below Tc=1.5 K, it has be-
come a key material in the field of strongly correlated
systems because, at variance with the Mott insulator
character of La2CuO4, it exhibits very exotic metallic
properties in the normal phase. In view of the subtle
interplay between crystal structure, oxygen-transition
metal hybridization, multi-orbital Coulomb interac-
tions and spin-orbit coupling, many experimental and
theoretical investigations have been carried out in or-
der to give insight and understanding of the peculiar

physical properties of this compound. The possibility
of controlling the electronic properties of Sr2RuO4 by
applying external strain has been recently addressed
experimentally. It has been shown that the evolution
of the superconducting Tc with uniaxial strain pre-
sents a peak that seems to be correlated with a Lifs-
hitz transition of the xy-Ru band [1]. This transition
associated to the shift of a Van Hove singularity has
also been observed in systems under biaxial strain [2].
An interesting open question is to what extent this
Lifshitz transition affects the electronic correlations
in the normal phase of Sr2RuO4. We implement and
apply an LDA+DMFT approach using the rotatio-
nally invariant slave boson technique as impurity sol-
ver, to study the electronic correlations of Sr2RuO4

in the presence of anisotropic strain and spin-orbit
coupling. We find that the spin-orbit coupling plays
a crucial role in the mass enhancement differentiation
between the Fermi surface quasi one-dimensional α
and β bands, and on its momentum dependence. The
mass enhancement, however, is only weakly affected
by either uniaxial and biaxial strain, even across the
Lifshitz transition induced thereby.

[1] A. Steppke et al., Science, 355, eaaf9398 (2017).

[2] B. Burganov et al., Physical Review Letters, 116,

197003 (2016).
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Friday - 14:00 hs
Vortices in superconductors : from memory effects to dynamic reorganization

Victoria Bekeris1

1Lab. Bajas Temperaturas, Depto. de F́ısica-FCEN, IFIBA, Universidad de Buenos Aires, Argentina

E-mail: vbekeris@df.uba.ar

The repulsive interaction between vortex lines in type II superconductors, in addition to the pressure exerted
by the applied magnetic field, leads to ordered periodic vortex arrays. However, thermal fluctuations and ad-
ditional effective forces originated in the vortex interaction with random sample defects compete against order
and lead to disordered vortex configurations that may contain topological defects. These are common features
in a variety of systems, particularly in colloids, magnetic bubbles, charge and spin waves, but in the case of
superconducting vortices the relative strength of competing forces may be modified with field or temperature,
driving the system across an order-disorder transition signaled by an anomalous sudden increase in disorder
and pinning. We have extensively explored this region of the phase diagram both in low and in high Tc su-
perconductors, and I will present the experimental results and numerical simulations of our group describing
remarkable memory and history effects. In high Tc superconductors we have found robust metastable vortex
configurations sensitive to the symmetry of the oscillatory driving forces applied to reorganize the system [1]. In
low Tc samples, we have used non-invasive techniques (linear ac susceptibility) to probe the degree of pinning
of the different vortex configurations that were previously molded by thermal history effects and by controlled
driving forces. I will show evidence of a dynamical organization [2] similar to that reported in colloids, where
the final state is independent of the initial configuration but is tagged by the oscillatory forcing frequency.
Our proposed pictures to account for these observations have been supported recently in our joint linear ac
susceptibility and neutron scattering experiments and I will show evidence of strong non trivial correlations
between order and vortex mobility [3].

[1] S.O. Valenzuela and V. Bekeris, Phys. Rev. Lett. 84 4200 (2000); ibid 86 504 (2001)
[2] G. Pasquini et al., Phys. Rev. Lett. 100 247003 (2008)

[3] M. Marziali Bermúdez et al., Phys. Rev. Lett. 115 067001 (2015); Phys. Rev. B 95 104505 (2017).

Fri 15:00 OFC-I-1

Magnetic Force Microscopy Measure-
ments of Superconducting Permanent
Current Paths in a Natural Graphite Crys-
tal
Esquinazi P.1, Stiller M.1, Barzola-Quiquia J.1,
Precker C.1
1 Division of Superconductivity and Magnetism, Univer-

sity of Leipzig, Leipzig, Germany

E-mail: esquin@physik.uni-leipzig.de

Temperature and field dependent measurements of
the electrical resistance of different natural graphite
samples, suggest the existence of superconductivity
at room temperature in some regions of the sam-
ples. To check whether dissipationless electrical cu-
rrents are responsible for the trapped magnetic flux
inferred from electrical resistance measurements, we
localized them using magnetic force microscopy on
a natural graphite sample in remanent state after
applying a magnetic field. The obtained evidence indi-
cates that at room temperature a permanent current
flows at the border of the trapped flux region. The
current path vanishes at the same transition tempe-
rature Tc ≈ 370 K as the one obtained from elec-
trical resistance measurements on the same sample.
This sudden decrease of the phase is different from

what is expected for a ferromagnetic material. Time
dependent measurements of the signal show the ty-
pical behavior of flux creep of a permanent current
flowing in a superconductor. The overall results sup-
port the existence of room-temperature superconduc-
tivity at certain regions in the graphite structure and
show that magnetic force microscopy is suitable to lo-
calize the superconducting regions. Magnetic coupling
was excluded as origin of the observed phase signal.

Fri 15:30 OFC-I-2

Interplay between nematic domains
and superconducting properties in
Ba(Fe1−xCox)2As2.
Pasquini G.1 2, Bekeris V.1 2, Lozano G. L.1 2,
Schmidt J.1, Bortulé V.1, Marziali Bermúdez M.1 2,
Borzi R.3, Grigera S.3, Fradkin E.4
1 Departamento de F́ısica, Facultad de Ciencias Exactas

y Naturales - Universidad de Buenos Aires
2 Instituto de F́ısica de Buenos Aires, Facultad de

Ciencias Exactas y Naturales CONICET- Universidad de

Buenos Aires
3 Instituto de F́ısica de Ĺıquidos y Sistemas Biológicos,

CONICET-UNLP
4 Department of Physics, University of Illinois at Urbana-
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Champaign, Urbana, Illinois, USA.

E-mail: pasquini@df.uba.ar

The electronic phase diagrams of highly correlated
systems, particularly of a variety of non-conventional
superconductors, have been described in the context
of an intertwining of multiple orders [1]. A cutting ed-
ge topic has emerged recently from the observation
of strongly anisotropic electronic states in both cu-
prates and in Fe based superconductors. A Curie-law
divergence in the nematic susceptibility indicates a
transition to a nematic phase [2], where the transport
anisotropy is coupled to magnetic and structural an-
isotropies, and the response is dominated by the for-
mation of nematic domains. Among the Fe based pnic-
tides superconductors, the Ba(Fe1−xCox)2As2 family
has been the most extensively studied. In this family,
the optimal doped compounds are those that present
the largest nematic phase, lying very near Tc in the
phase diagram [2].However, up to now, the coupling
between nematicity and superconductivity has been
poorly addressed.

The nematic susceptibility is generally measured
by means of elasto-resistivity experiments, a power-
ful technique involving a number of non-trivial tech-
nical challenges. Recently, a novel piezoelectric-based
apparatus to achieve large sample strains at cryogenic
temperatures, with compensation of undesirable pie-
zoelectric thermal deformations, has been designed [3].
In a recent collaboration, that includes several expe-
rimental and theoretical groups, such device has been
installed to perform elasto-resistiviy measurements at
low temperatures and orientable magnetic fields, in
the Low Temperature Laboratory of FCEyN, UBA.

In the present work we report recent results, ob-
tained by means of dc and ac elasto-resistiviy mea-
surements, which explore the interplay between the
amplitude and frequency of sample strain with the
formation of nematic domains, and its consequence
in the superconducting transport response. A model
that describes the interaction between nematic do-
main walls and superconducting vortex is also pre-

sented.

[1] E. Fradkin et al., Rev. Mod. Phys. 87, 457 (2015).

[2] H-H Khuo et al., Science 352, 960 (2016).

[3] C. W. Hicks et al., Rev. Sci. Instr. 85, 065003 (2014).

Fri 16:00 OFC-I-3

On the thermomagnetic stability in slabs
and cylinders type-II superconductors
Hernández-Flores O. A.1, Gutiérrez-Gutiérrez J.1,
Vargas-Treviño M.1, Romero-Salazar C.1
1 Ingenieŕıa en Innovación Tecnológica, Universidad

Autónoma Benito Juárez de Oaxaca

E-mail: ohernandez.ciencias@uabjo.mx

Based on a macroscopic phenomenological ap-
proach, the problem of thermomagnetic instability in
isotropic plates and infinite cylinders is analyzed. This
approach is within the framework of critical state
theories, subject to parallel geometry and adiabatic
regime. The main result of this work is to have obtai-
ned a set of instability fields, associated to the thermal
bath, which predict the flux jumps occurrence in the
magnetization. The theoretical instability fields are in
good agreement with experimental data, both in the
number of flux jumps as well as in the magnitude of
the applied field where they occur. In this work the
fields of instability are obtained from the equilibrium
of the deviations in the forces of Lorentz and Pinning
triggered by the external field, these fields are mani-
fested as discontinuities. To obtain magnetic induc-
tion profiles and magnetization curves it is required
to remove the discontinuities through a scaling, ta-
king into account both the magnetic history and the
size of the flux jump. Finally, a semi-analytical proce-
dure is presented to obtain the critical current density
through the magnetization using the generalized Kim-
Anderson model.
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The new SIRIUS synchrotron source and materials under extreme conditions

Narcizo M. Souza-Neto1

1Lab. Nac. de Luz Śıncrotron, Campinas, Brazil
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The new Brazilian synchrotron light source (SIRIUS) being built on the LNLS / CNPEM campus was designed
to be one of the most advanced machines in the world when it comes on-line in 2018. Low emittance and high
brightness will enable many challenging experiments, opening up several new possibilities for research in several
areas, such as the study of advanced materials, nanotechnology, physics, chemistry, environmental science,
among others. In this talk I will present an overview of the possibilities of the open with the new synchrotron,
in addition to the current status. I will also present the Extreme Condition beamline (EMA). This beamline
will be the first of its kind in the world allowing a high photon flux (1013 ph/s) focused to submicrometer sizes
(100x100 nm2 ) dedicated to the study of materials under extreme conditions (pressure, temperature, magnetic
field). I will describe the possibilities of the beamline in X-ray spectroscopy (XANES, XMCD) and diffraction
(XRD, XPD) experiments to be performed under these conditions.

Fri 15:00 OFJ-VII-1

Photoinduced p- to n-type Switching in
Thermoelectric Polymer-Carbon Nanotube
Composites
Goñi A.1 2, Dörling B.1, Ryan J.3, Garriga M.1,
Pereiro E.4, Anthony J.5, Müller C.3, Campoy-Quiles
M.1
1 Institut de Ciencia de Materials de Barcelona (ICMAB-

CSIC), 08193 Bellaterra, Spain
2 Institució Catalana de Recerca i Estudis Avançats

(ICREA), Barcelona, Catalunya, Spain.
3 Chalmers University of Technology, 41296 Göteborg,

Sweden
4 ALBA Synchrotron Light Source, 08193, Cerdanyola del

Vallés, Spain
5 Center for Applied Energy Research, University of

Kentucky, Lexington, KY 40511, USA

E-mail: goni@icmab.es

Nanocomposites of conjugated polymers and car-
bon nanotubes are promising materials for large-area
thermoelectric generators that operate at room tem-
perature. They combine the high electrical conduc-
tivity of nanotubes with the low thermal conducti-
vity and solution processability of polymers. Whi-
le encouraging power factors have been achieved for
composites with positive Seebeck coefficients (S > 0,
p-type) [1], air-stable organic n-type materials po-
se a real challenge. Here we report on composites
of regio-regular poly(3-hexylthiophene-2,5-diyl) (rr-
P3HT) and nitrogen-doped multi-walled carbon na-
notubes (nCNTs), which can exhibit either S > 0 or
S < 0. N-type behavior can be obtained by increasing
the nCNT content of a p-type composite. However, we
found a more powerful way by UV-irradiating a solu-
tion of p-type composite during deposition [2]. Using
the developed method, we demonstrate a thermoelec-
tric module, where both types of legs are deposited

from the same solution and whose design takes full
advantage of flexible substrates.

[1] C. Bounioux et al., Energy Environ. Sci. 6, 918-925
(2013).

[2] B. Dörling et al., Adv. Mater. 28, 2782-2789 (2016).

Fri 15:30 OFJ-VII-2

Intertwined Rashba, Dirac and Weyl Fer-
mions in Hexagonal Hyperferroelectrics
Di Sante D.1, Barone P.2, Stroppa A.2, Garrity K.3,
Vanderbilt D.4, Picozzi S.2
1 Institut fur Theoretische Physik und Astrophysik, Uni-

versitat Wuerzburg, Am Hubland Campus Sud, Wuerzburg

97074, Germany
2 Consiglio Nazionale delle Ricerche CNR-SPIN, via

Vetoio LAquila (Italy)
3 National Institute of Standards and Techno-

logy,Gaithersburg, MD 20899, USA
4 Department of Physics and Astronomy, Rutgers Uni-

versity, Piscataway, New Jersey 08854, USA

E-mail: paolo.barone@spin.cnr.it

Hyperferroelectricity refers to the ability of some
ferroelectric materials to sustain a finite spontaneous
polarization even in the presence of unscreened depo-
larization field. This feature makes hyperferroelectrics
promising for future technologies relying on further
miniaturization at the nanoscale, where conventional
ferroelectricity typically breaks down. On the other
hand, spin-orbit interaction (SOI) lies at the origin of
a rich variety of interesting phenomena in solid sta-
te physics, ranging from topological quantum phases
of matter to spin splitting effects. The latter pheno-
mena, which in principle allow for an all-electric con-
trol of electron spins mediated by the SOI-induced
spin-momentum locking, appear as a consequence of
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inversion-symmetry breaking, a condition naturally
met in ferroelectrics. Additionaly, a ferroelectric pola-
rization may allow for a permanent control of Rashba-
like effects, as recently proposed in GeTe [1]. Based
on these premises, we performed density functional
theory based calculations to study the role of SOI in
the recently proposed new class of hexagonal ABC hy-
perferroelectrics with LiGaGe structure[2]. We show
that hexagonal hyperferroelectrics (HHs) belong to
and broaden the class of ferroelectric Rashba semicon-
ductors, where the bulk Rashba spin texture is fully
controlled by the ferroelectric polarization. Since hy-
perferroelectrics are less sensitive to surface effects,
the switchable bulk Rashba features are expected
to survive in low-dimensional systems, an appealing
property for spintronic applications. Furthermore, we
show that HHs can host a topologically nontrivial Z2

quantum phase with symmetry-protected inequivalent
and tunable surface states coexisting with Rashba-like
features. While the topological phase is predicted to
survive up to ultrathin films, we also show that a pha-
se transition from topological insulator to a Weyl se-
mimetal and eventually to a normal insulator can be
realized by chemical doping and alloying.

[1] D. Di Sante, P. Barone, R. Bertacco et al., Adv. Mater.
25, 509 (2013)

[2] D. Di Sante, P. Barone, A. Stroppa et al., PRL 117,

076401 (2016)

Fri 16:00 OFJ-VII-3

Electrical properties of the semimetallic
alloys Pt1−xAuxBi2
Correa V. F.1, Haberkorn N.1, Suárez S.1
1 Centro Atomico Bariloche - Comisión Nacional de

Enerǵıa Atómica

E-mail: victor.correa@cab.cnea.gov.ar

High quality single crystals of Pt1−xAuxBi2 alloys
have been grown by the self-flux technique. Samples
quality has been studied by different techniques such
as X-Ray Diffraction, Energy Dispersive Spectroscopy
and Rutherford Back Scattering. Low temperature
electrical magnetoresistance and Hall resistance ha-
ve been measured in high magnetic fields. The results
suggest that these alloys are prospective candidates
for topological semimetals.
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Fri 17:00 EFA-VI-1

A chiral Josephson transistor
Feinberg D.1
1 Institut NEEL, CNRS and Grenoble University, Greno-

ble, FRANCE

E-mail: denis.feinberg@neel.cnrs.fr

Inducing a DC Josephson current is possible wit-
hout establishing a phase difference between the two
sides of a junction. This can be instead obtained by
irradiating the junction with a microwave field, with
two components having the same frequency but diffe-
rent phases. This amounts to pump Cooper pairs in a
non-adiabatic way : a model is solved with a single dot
junction and the DC current is induced thanks to reso-
nant transitions between the junction Andreev states.
In addition to breaking time-reversal symmetry (the
dephased microwave components), the mechanism re-
quires breaking of charge conjugation (detuned quan-
tum dot). The current can be controlled in amplitude
and sign with a gate voltage applied on the dot. It
also underlies topological properties of the junction.

Fr 17:30 EFA-IX-2

Ab-initio and classical molecular dynamics
simulations of non-thermal structural phe-
nomena in laser excited solids
Garcia M. E.1
1 Theoretical Physics, FB10, University of Kassel,

Heinrich-Plett-Str. 40, 34132 Kassel, Germany

E-mail: garcia@physik.uni-kassel.de

Intense femtosecond-laser pulses are able to indu-
ce ultrafast non-thermal melting of different materials
along pathways that are inaccessible under thermody-
namic conditions. In order to investigate the non-
thermal motion of atoms upon femtosecond laser exci-
tation we performed ab-initio molecular-dynamics si-
mulations on laser-excited potential energy surfaces
using our code CHIVES (Code for Highly excited Va-
lence Electron Systems). We found surprising results,
like excitation of squeezed thermal phonons, which
constitute the precursor of non-thermal melting as a
function of fluence[1], or atomic fractional diffusion,
as a transient state preceding the formation of a non-
thermal liquid[2]. Different experimentally measurable
signatures of non-thermal melting and the differences
to thermal melting were also identified. In particu-
lar, we will show that the energy flow from the exci-
ted electron system to the phonon modes is extremely
anisotropic in the non-thermal regime[3]. In order to
extend our method for the study of nucleation phe-
nomena, we developed an analytical interatomic po-
tential for laser-excited silicon, which depends on the
electronic temperature. Effects like bond softening in

the presence of hot electrons are taken into account.
With the help of this potential we were able to perform
large-scale simulations and study nucleation dynamics
during non-thermal melting. Moreover, we applied a
hybrid atomistic-continuum model capable of captu-
ring the essential mechanisms responsible for the laser-
induced nanostructuring of gold surfaces upon excita-
tion with spatially modulated ultrashort UV pulses.
Our TTM-MD approach allowed us to perform calcu-
lations on experimental spatial and time scales and to
a one-to-one comparison with experiments. Theoreti-
cal results are in excellent agreement with experiment.
Our simulations show the presence of voids beneath
the surface as a consequence of the laser excitation,
explaining the formation of nanobumps.

[1] E. S. Zijlstra et al., PRX 3,011005(2013).
[2] E. S. Zijlstra et al., Adv. Materials 25, 5605-5608(2013).

[3] T. Zier et al., PRL 116, 153901(2016).

18:00 EFA-III-3

Thermodynamics of subnanoscopic mag-
netic particles
Vogel E.1, Valdés J.1, Saravia G.1, Vargas P.2,
Ramirez-Pastor A.3, Centres P.3
1 Departamento de Ciencias F́ısicas - Universidad de La

Frontera, Temuco, Chile
2 Universidad Técnica Federico Santa Maŕıa, Valparáıso,

Chile
3 Departamento de F́ısica, Universidad Nacional de San

Luis e Instituto de F́ısica Aplicada, CONICET

E-mail: eugenio.vogel@ufrontera.cl

The main laws of thermodynamics and statistical
physics were derived for vary large systems in what is
usually called the thermodynamic limit (TL). Howe-
ver, nowadays technology allows us to deal with very
small systems made out of a few atoms [1] or units
(magnetic centers in our case) where some of the as-
sumptions valid in the TL are not longer valid in the
usual way [2]. Based on simple models, like Ising and
clock models, we revisit the concepts of ergodic se-
paration, magnetization reversal, average magnetiza-
tion, critical temperature and others as the systems
get very small. We identify features that need spe-
cial care for systems under 1000 magnetic centers. Re-
sults are discussed by means of two examples, namely,
two magnetic sensors based on different properties and
dealing with two practical purposes [3].
[1] R. Roy, S. Hohng, T. Ha, Nature Methods, 5, 507

(2008).

[2] D.H.E. Gross, Microcanonical Thermodynamics. Phase

Transitions in Small Systems; World Scientific: Singapore,

2001.

[3] E.E. Vogel, P. Vargas, G. Saravia, et al., Entropy, 19 ,

499 (2017).
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Fri 18:30 EFA-V-4

Modelling growth of Cerium oxide crysta-
lline surfaces
Barrio Paredes R. A.1, Diaz G.1, Peña Leal J. J.2
1 Instituto de F́ısica- UNAM , México.
2 Instituto de Ciencias Nucleares, Universidad Nacional

Autónoma de México

E-mail: barrio.rafael@gmail.com

Cerium oxide is a mixed valence compound of great
technological importance. In a recent paper [1] we mo-
delled the growth of thin films of this substance by
describing the statistical nucleation of atomic units
containing Ce3+ and Ce4+. The results compared ex-
tremely well with available experimental data for the
magnetic susceptibility of the material, which is rela-
ted to the proportion of magnetic atoms in the solid.
In this work we study experimentally the composition
of various crystalline surfaces of crystals of Cerium
oxide under varying preparation conditions. The mo-
del is extended here to investigate the mixed compo-
sition of the crystal surfaces.

[1] J. J. Peña Leal, R. A. Barrio, Physica A 483, 259

(2017).

Fri 19:00 EFA-VI-5

Bilayer graphene under pressure: Electron-
hole Symmetry Breaking, Valley Hall Ef-
fect, and Landau Levels
Sofo J. O.1, Muñoz F.2, Ojeda Collado H. P.3, Usaj
G.3, Balseiro C. A.3
1 Department of Physics and Materials Research Institute,

The Pennsylvania State University
2 Departamento de F́ısica, Universidad de Chile
3 Instituto Balseiro and Centro Atómico Bariloche

E-mail: sofo@psu.edu

The electronic structure of bilayer graphene under
pressure develops an enhancement of the trigonal war-
ping and a splitting of the parabolic touching bands
at the K point of the reciprocal space into four Dirac
cones, one at K and three along the T symmetry lines.
As pressure is increased, these cones separate in reci-
procal space and in energy, breaking the electron-hole
symmetry. Due to their energy separation, their op-
posite Berry curvature can be observed in valley Hall
effect experiments, in the structure of the Landau le-
vels, and in the rotation of the polarization angle of
light. Based on the electronic structure obtained by
Density Functional Theory, we develop a low energy
Hamiltonian that describes the effects of pressure on
measurable quantities such as the Hall conductivity,
the Landau levels of the system, and the optical con-
ductivity.
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Fri 17:00 EFC-VI-1

SU(4)/SU(2) crossover and spin filter
properties of a double quantum dot na-
nosystem
Anda E.1, Lopes V.1, Martins G.2, Padilla R.3
1 Dpto. de F́ısica, Pontificia Universidade Católica do

Rio de Janeiro, Rio de Janeiro, Brazil
2 Universidade Federal Fluminense-F́ısica
3 Depto. de Ingenharia Mecánica. Pontif́ıcia Universidade

Católica do Rio de Janeiro. Brasil

E-mail: enriquevictoranda@gmail.com

The SU(4)/SU(2) crossover, driven by an external
magnetic field h, is analyzed in a capacitively coupled
double-quantum-dot device connected to independent
leads. As one continuously charges the dots from em-
pty to quarter-filled, by varying the gate potential Vg,
the crossover starts when the magnitude of the spin
polarization of the double quantum dot, as measured
by Nup-Ndown, becomes finite. Although the exter-
nal magnetic field breaks the SU(4) symmetry of the
Hamiltonian, the ground state preserves it in a region
of Vg, where Nup=Ndown. Once the spin polariza-
tion becomes finite, it initially increases slowly until
a sudden change occurs, in which Ndown (polariza-
tion direction opposite to the magnetic field) reaches
a maximum and then decreases abruptly to negligible
values, at which point an orbital SU(2) ground sta-
te is fully established. This crossover from one Kon-
do state, with emergent SU(4) symmetry, where spin
and orbital degrees of freedom play a role, to anot-
her, with SU(2) symmetry, where only orbital degrees
of freedom participate, is triggered by a competition
between the energy gain by the Zeeman split polari-
zed state and the S(4) Kondo temperature, the gain
provided by the SU(4) unpolarized Kondo singlet sta-
te. At fixed magnetic field, the gate potential chan-
ges the quantum dots occupancies. If one characteri-
zes the occurrence of the crossover by Vmax-g, the
value of Vg where Ndown reaches a maximum, one
finds that the function relating the Zeeman splitting,
Bmax, with Vmax-g, Bmax=f(Vmax-g), has a similar
universal behavior to that of the function relating the
Kondo temperature to Vg. In addition, our numerical
results show that near the SU(4) Kondo temperature
and for relatively small magnetic fields the device has
a ground state that restricts the electronic population
at the dots to be spin polarized along the magnetic
field. These two facts introduce very efficient spin-
filter properties to the device.This phenomenology is
studied adopting two different formalisms: the Mean
Field Slave Bosons Approximation and a Projection
Operator Approach.

Fri 17:30 EFC-V-2

Dipole coupled trilayers and Exchange
Bias: experimental results and theoretical
interpretation
Kiwi M.1, Morales R.2 3, Schuller I. K.4, Torres F.1
1 Depto. de F́ısica, Fac. de Ciencias, Univ. de Chile,

Santiago, Chile
2 Dept. of Chemical Physics & BC Materials, Univ. of

the Basque Country, Leiva, Spain
3 IKERBASQUE, Basque Foundation for Science, Bilbao,

España
4 Dept. of Physics and Center for Advanced Nanoscience,

Univ. of California San Diego, La Jolla, California, USA.

E-mail: m.kiwi.t@gmail.com

Trilayer antiferromagnet-paramagnet-ferromagnet
(AFM-PM-FM) exchange bias (EB) is studied, espe-
cially the switching from negative to positive EB. The
same cooling field yields negative EB for thin spa-
cers, and positive EB for thicker ones. The coupling
betwen the FM and the AFM is attributed to long-
ranged dipole coupling. The dipole field is generated
in the AFM by symmetry breaking due to quantum
fluctuations. The magnetic domains imprinted on the
AFM, that are responsible for EB, are created during
field cooling. Our model, accounts quantitatively for
the experimental results, but ignores the short range
interfacial exchange interactions of the usual EB theo-
ries, retaining solely the long range dipole field. Novel
switching capabilities of EB systems are thus feasible.

Fri 18:00 EFC-V-3

The challenge and the role of f-electrons
in catalysis: A theoretical perspective on
cerium oxide-based catalysts
Ganduglia Pirovano M. V.1, Lustemberg P. G.2
1 Instituto de Catálisis y Petroleoqúımica - CSIC, Madrid,

Spain
2 Instituto de F́ısica Rosario-CONICET-UNR, Bv. 27 de

Febrero 210bis, S2000EZP Rosario, Argentina.

E-mail: vgp@icp.csic.es

Ceria (CeO2) is the most significant of the oxides
of rare-earth elements in catalysis. Specifically, the
role of ceria in the catalytic activity of ceria-based
systems is still not fully understood. To unravel it,
well-defined ceria-based model catalysts are investi-
gated. Yet, the theoretical description of the correla-
ted f-electrons (Ce3+) left in the system upon reduc-
tion, is challenging, as it will be discussed [1]. The
non-innocent role of ceria as catalyst support will be
analyzed using ceria-supported metal nanoparticles as
model catalysts [2,3]. Co−, Ni− and Cu− ceria systems
will be used for methane dry reforming (CH4+CO2

−→ 2H2+2CO), a relevant process from the environ-
mental standpoint. Ni-ceria will also be considered for
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hydrogen production. The ability of ceria to stabilize
oxidized species (Co2+, Ni2+ and Cu1+) on the stoi-
chiometric CeO2 surfaces, by relocalizing electrons on
localized f-states, and metallic ones (Cu0, Ni0) on the
reduced CeO2−x support, is essential for catalytic ac-
tivity.

[1] M. V. Ganduglia-Pirovano, J. L. F. Da Silva, J. Sauer,
Phys. Rev. Lett. 102, 026101 (2009).
[2] J. Carrasco, D. López-Durán, Z. Liu, et al. Angew.
Chem. Int. Ed. 54, 3917 (2015).

[3] Z. Liu, P. G. Lustemberg, R. A. Gutiérrez, et al., An-

gew. Chem. Int. Ed. 56, 13041 (2017).

Fri 18:30 EFC-VII-4

Confinement and fermion doubling pro-
blem in Dirac-like Hamiltonians
de Resende B. M.1, de Lima F. C.1, Miwa R. H.1,
Vernek E.1, Ferreira G. J.1
1 Institute of Physics, Federal University of Uberlandia,

Brazil

E-mail: gersonjferreira@ufu.br

We will discuss the interplay between confinement
and the fermion doubling problem in Dirac-like Hamil-
tonians. Individually, both features are well known.
First, simple electrostatic gates do not confine elec-
trons due to the Klein tunneling. Second, a typical
lattice discretization of the first-order derivative skips
the central point and allow spurious low-energy, highly
oscillating solutions known as fermion doublers. Whi-
le the Nielsen-Ninomiya theorem states that the dou-
blers cannot be eliminated without artificially brea-
king a symmetry, here we show that the symmetry
broken by the Wilson’s mass approach is equivalent
to the enforcement of hard-wall boundary conditions,
thus making the no-go theorem irrelevant when con-
finement is foreseen. We illustrate our arguments by
calculating the following: (i) the band structure and
transport properties across thin films of the topologi-
cal insulator Bi2Se3, for which we use ab-initio den-
sity functional theory calculations to justify the mo-
del; and (ii) the band structure of zigzag graphene na-
noribbons. For more details see [PRB 96, 161113(R)
(2017)].
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Fri 17:00 EFJ-III-1

Whims of Entropy in Very Heavy Fermions
applicable to Adiabatic Refrigeration wit-
hin the sub-Kelvin range of temperature
Sereni J. G.1 2

1 Laboratorio de Bajas Temperaturas del Centro Atomico

Bariloche (CNEA)
2 Instituto Balseiro - Universidad Nacional de Cuyo

E-mail: jsereni@cab.cnea.gov.ar

New applications of photon detection devises requi-
re adiabatic refrigeration (ARD) techniques to ope-
rate at the sub-Kelvin range of temperature and the
consequent improvement of the classical paramagnetic
salts performance in critical parameters like: chemi-
cal stability under vacuum conditions, volumetric en-
tropy density, higher thermal conductivity and stron-
ger low field power cooling. Some recently discovered
Yb-intermetallic compounds, identified as Very Heavy
Fermions [1] because of their extremely high density
of low energy states (i.e. very high specific heat CP /T
at T → 0), have proved to be proper candidates for
those improvements [2].

As the integral of density of states, the Entropy
[S(T ) =

∫
CP /TdT ] is the main parameter driving an

ARD process and its thermal trajectory characterizes
the efficiency and applicability of different materials
at the ’sub-Kelvin’ range. Among the thermodynamic
constraints arising when T → 0, the Nernst principle
imposes relevant changes in the S(T → 0) trajectory
at a temperature, TBN related to an ’entropy bottle-
neck’ effect [3]. The behavior of different compounds
can be sorted according to their thermal dependen-
ce above and below TBN . The respective thermal and
magnetic filed dependencies of CP (T )/T and S(T ), to-
gether with the conditions for an ’entropy bottleneck’
occurrence are analyzed in some of those compounds
which do not order magnetically despite of their ro-
bust magnetic moments of the Yb lattice.

[1] J.G. Sereni, Physica B: Cond. Mat. (2017), accepted,
http://dx. doi.org/ 10. 1016/j.physb.2017.08.041
[2] T. Gruner, D. Jang, A. Steppke, et al., J. Phys.: Cond.
Mat. 26 485002 (2014).

[3] J.G. Sereni, J. Low Temp. Phys. 179 (2015) 126.

Fri 17:30 EFJ-I-2

Topological properties of the inhomoge-
neous Kitaev chain
Mart́ınez G.1, Pérez M.1
1 Instituto de F́ısica, UFRGS, Porto Alegre, RS, Brasil

E-mail: martinez@if.ufrgs.br

We present universal features [1] of the topologi-
cal invariant for p - wave superconducting wires af-
ter the inclusion of spatial inhomogeneities. Three

classes of distributed potentials are studied, a single-
defect, a commensurate and an incommensurate mo-
del, using periodic site modulations. An analytic poly-
nomial description is achieved by splitting the topo-
logical invariant into two parts, one part depends on
the chemical potential and the other does not. For the
homogeneous case, an elliptical region is found where
the topological invariant oscillates. The zeros of these
oscillations occur at points where the fermion parity
switches for finite wires. The increase of these osci-
llations with the inhomogeneity strength leads to new
isolated non-topological phases. We characterize these
new phases according to each class of spatial distribu-
tions. Such phases could also be observed in the XY
model, to which our model is dual.

[1] M. Pérez and G. Mart́ınez, J. Phys.: Condens. Matter

29, 475503 (2017).

Fri 18:00 EFJ-III-3

Fractional spinon excitations in the trian-
gular Heisenberg model
Trumper A. E.1, Ghioldi E. A.1, Gonzalez M. G.1,
Zhang S.2, Kamiya Y.3, Manuel L. O.1, Batista C.
D.2
1 Instituto de F́ısica de Rosario, CONICET-UNR
2 Department of Physics and Astronomy, University of

Tennessee, Knoxville, Tennessee 37996-1200, USA
3 iTHES Research Group and Condensed Matter Theory

Laboratory, RIKEN, Wako, Saitama 351-0198, Japan

E-mail: trumper@ifir-conicet.gov.ar

We compute the zero temperature dynamical struc-
ture factor S(q, ω) of the triangular lattice Heisen-
berg model using a Schwinger Boson approach that
includes the Gaussian fluctuations (1/N correction)
of the saddle point solution. While the ground sta-
te of this model exhibits a well-known 120◦ magnetic
ordering, the excitation spectrum revealed by S(q, ω)
has a strong quantum character, which is not cap-
tured by low-order 1/S expansions. The low-energy
magnons consist of two spinon bound states confined
by the gauge fluctuations of the auxiliary field. This
composite nature of the magnons leads to an internal
structure of the magnon peaks. In addition, the conti-
nuum of high-energy spinon modes extends up to th-
ree times the single-magnon bandwidth. We find that
several features of the magnetic excitation spectrum
of the compound Ba3CoSb2O9 can be interpreted by
the present spinon-based theory.
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Fri 18:30 EFJ-III-4

From skyrmions to Z2 vortices in chiral
magnets
Cabra D. C.1
1 Instituto de F́ısica, Facultad de Cs. Exactas, Universi-

dad Nacional de La Plata

E-mail: cabra@fisica.unlp.edu.ar

We present the results of a study of the classical
antiferromagnetic Heisenberg model on the triangu-
lar lattice with Dzyaloshinskii-Moriya interactions in a
magnetic field. We focus in particular on the emergen-
ce of a composite spin crystal phase, dubbed antiferro-
magnetic skyrmion lattice, that was recently observed
in [Phys. Rev. B 92, 214439 (2015)] for intermediate
fields. This complex phase can be made up from three
inter-penetrated skyrmion lattices, one for each sub-
lattice of the original triangular one. We present our
numerical results in detail and the explicit construc-
tion of the low-energy effective action that reproduces
the correct phenomenology. This effective action could
serve as a starting point to study the coupling to char-
ge carriers, lattice vibrations, structural disorder and
transport phenomena. We also discuss the connection
between interpenetrated skyrmions and Z2 vortices.

Fri 19:00 EFJ-VIII-5

Atomic Pair Distribution Function, a
powerful tool in materials science: Some
examples obtained at Brazilian Synchro-
tron Light Laboratory
Saleta M. E.1, Eleotério M.2, Lima F. A.3, Granado
E.4
1 CONICET - Laboratorio de Resonancias Magnéticas,

Centro Atómico Bariloche, CNEA
2 Laboratório Nacional de Luz Śıncrotron - Centro

Nacional de Pesquisa em Energia e Materiais, Brasil
3 European X-Ray Free-Electron Laser Facility, Alemania
4 Instituto de F́ısica “Gleb Wataghin“, Universidade

Estadual de Campinas (UNICAMP), Brasil

E-mail: martin.saleta@cab.cnea.gov.ar

The analysis of X-ray total scattering data by ato-
mic pair distribution function (PDF) technique is a
powerful and an attractive characterization tool in
materials science. PDF analysis allows the detection of
small local distortions, bringing information of the lo-
cal and medium-range order. This method, developed
by Debye in the 1930s, has been used to study amorp-
hous phases, i.e., those presenting X-ray diffraction
(XRD) patterns containing broad and low-intensity
Bragg peaks. Additionally, it has been useful in struc-
tural studies of nanomaterials, which in spite of pre-
senting a good crystallinity their characteristic sizes
limit the proper study by conventional XRD analysis.
PDF is an experimentally accessible function and it is
related to the measured X-ray total scattering pattern
through a Fourier transform of the structure function,
S(Q). The following instrumental characteristics are
desirable for obtaining good data for the utilization
of PDF method: a) reaching high momentum transfer
(Q > 20 Å−1); b) obtaining high resolution in Q and
good statistics for high Q-values; and c) using instru-
ments with low background noise.
Here we describe the basic experimental protocol to
obtain data with good quality to be analyzed by PDF
and illustrate the capabilities currently available at
Brazilian Synchrotron National Laboratory (LNLS) to
perform these experiments [1, 2]. Finally, we present
different scientific cases in which conventional XRD
analysis fail to provide structural information. The
first example presented are Ag nanoparticles, then, we
show the analysis of representative compounds of light
(microcrystalline cellulose and alumina) and heavy
(Pb1−xLaxZr0,4Ti0,6O3) materials. At last, we present
the detection by PDF of polar nanoregions in Ca/La
doped BaZrxTi1−xO3.

[1] M.E. Saleta, et al, J. Synchr. Rad., 24, 1098(2017).

[2] F.A. Lima, et al, J. Synchr. Rad., 23, 1538(2016).
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P-330 PTQ-I-1

Characterization of long-wavelength den-
sity fluctuations in vortex matter
Rumi G.1, Aragón Sánchez J.1, Eĺıas F.2, Cortés
Maldonado R.1, Cejas Bolecek R.1, Nieva G.1, Kolton
A.2, Fasano Y.1
1 Laboratorio de Bajas Temperaturas, Centro Atómico

Bariloche, CNEA
2 Grupo de Teoŕıa de Sólidos, Centro Atómico Bariloche

E-mail: gonzalo.rumi@gmail.com

Hyperuniformity, i.e. the suppression of long-
wavelength density fluctuations, is trivially present in
crystals and quasi-crystals, but it can also exist in cer-
tain amorphous systems. In the latter case, the con-
cept of disordered hyperuniformity has been recently
developed and shown to describe unusual and interes-
ting physical properties [1].

Motivated by recent theoretical predictions sugges-
ting that disordered hyperuniformity can arise in vor-
tex lattices in presence of disorder [2], we experime-
nally study vortex matter nucleated in pristine and
irradiated samples of Bi2Sr2CaCu2O8+δ by magne-
tic decorations. From the digitized vortex positions
we analyze the long-wavelength density fluctuations,
both in real and Fourier space. Our preliminary results
suggest that the analized amorphous vortex structu-
res, corresponding to the irradiated samples, are not
hyperuniform, at variance with the pristine sample.

[1] S. Torquato Phys. Rev. E 94, 022122 (2016).

[2] Q. Le Thien et al. Phys. Rev. B 96, 094516 (2017).

P-423 PTQ-I-2

Growth of Bi2Sr2CaCu2O8+δ single crystals
with few materials
F. Lopes L.1, F. Lopes R.1, Mesquita F.2, T. Jaeckel
S.2, N. Vieira V.2, Schaf J.1, Pureur P.1
1 Universidade Federal do Rio Grande do Sul
2 Universidade Federal de Pelotas

E-mail: lutienefl@gmail.com

Single crystals of Bi2Sr2CaCu2O8+δ (Bi-2212) we-
re grown by self-flux method. Different procedures we-
re used to obtain high quality unique phase single crys-
tals. The good crystallinity of the crystal was confir-
med by x-ray diffraction and the magnetic and elec-
trical properties were measurements for each growth
procedure. The Bi-2212 single crystals fabrication is
very difficult and too many works presents its grown
using a large quantity of powders and an extensive
heat treatment [1,2]. In contrast, our study was con-
cerned to make good crystals using a low quantity of
powders and a reduced heat treatment.

[1] Kulakov, A. B. et al. Superconductor Science Techno-
logy, 9, 859 (1996).

[2] Han, P. D. et al. Journal of Crystal Growth, 104, 201

(1990).

P-150 PTQ-I-3

Extension of Bogoliubov-de Gennes for-
malism to track Majorana fermions in 1D
chains.
Rodriguez Ramirez K.1, Perez Losada A.1, Arguelles
A.2
1 Departamento de F́ısica, Universidad del Valle, Cali,

Colombia
2 Universidad Santiago de Cali, Facultad de Ciencias Ba-

sicas, Dpto. de Matematicas, Santiago de Cali, Colombia

E-mail: angelica.perez@correounivalle.edu.co

In materials, the interactions among the electrons
and ions belonging to the crystalline structure give ri-
se to an extended set of interesting phenomena. The
electron collective excitations, specially at low tempe-
ratures, behave as particles with properties that may
differ from the fermions they are made of. In particu-
lar, there are exotic excitations called Majorana fer-
mions, non-elementary particles with the special cha-
racteristic of being their own anti-particles. Initially
proposed on 1937 but it was not before 2012 that
four groups reported experimental evidence of such
exotic fermions in the condensed matter context. On
the other hand, ultra-cold strongly-correlated quan-
tum gases in optical lattices constitute an extraordi-
nary tool for the analysis of strongly correlated sys-
tems under an unprecedented degree of control of in-
terparticle interactions, dimensionality, doping, disor-
der, etc., which permit the detailed analysis of many-
body phenomena. Hence, cold lattice gases are often
proposed as quantum simulators mimicking conden-
sed matter, quantum optics and quantum information
physical systems. Our study focuses on finding zero-
energy modes in an artificial arrangement of a super-
conducting non-interacting fermionic nanowire simu-
lated through ultracold atoms. We use the discrete-
sine transformation type I with the purpose of descri-
bing the system in momentum space and protecting
the hard-wall boundary conditions of the finite chain.
By means of the Bogoliubov-de Gennes transforma-
tion, it is possible to monitor the gap behavior in the
non-interacting fermionic chain, and find the precise
set of parameters for the system gap to be close or
open. If the gap opens, it means the system is in a
trivial phase, whereas when the gap closes the system
undergoes a topological phase. Therefore, monitoring
the many-body energy-gap represents an extraordi-
nary tool to analyze whether the system is able to
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support Majorana Fermions and in such a way we ob-
tain the phase transition phase diagram.
[1] Wilczek, Frank, Majorana returns, Nature Physics 5

(2009).

[2] Kitaev, A Y., Unpaired Majorana fermions in quantum

wires, Physics Uspekhi 44 (2001).

P-258 PTQ-I-4

The effect of divalent chemical doping
on the superconducting fluctuations in the
magnetization of the YBa2Cu3O7−δ
T. Jaeckel S.1, N. Vieira V.1, T. Dias F.1, Mesquita
F.1, F. Lopes L.1, Pureur P.2, Schaf J.2
1 Universidade Federal de Pelotas
2 Universidade Federal do Rio Grande do Sul

E-mail: sandratjk@yahoo.com.br

We report on isofield reversible dc magnetization
curves in a series of Y Ba2Cu2,97X0,03O7−δ (X = Zn,
Mg and Ni) single crystals with the aim of study the
effects of divalent chemical doping on the diamagne-
tic superconducting fluctuations. The single crystals
were prepared by self-flux method. The dc magnetiza-
tion measurements were performed with a commercial
quantum design SQUID magnetometer. The reversible
MZFC(T ) and MFCC(T ) magnetizations were recor-
ded when dc magnetic fields up to 50 kOe were applied
parallel to the c-axis of the samples. The diamagne-
tic superconducting fluctuations behavior is unders-
tood in the light of lowest Landau level (LLL) fluc-
tuation theory [1 − 3]. Preliminary results show that
for H > 10 kOe the reversible magnetization data of
the samples is fitted by the usual LLL scaling fun-
ction [1− 3]. On the other hand the LLL diamagnetic
fluctuations dimension (2D or 3D) has been showed
dependent of applied chemical element.

[1] S. Salem-Sugui Jr., A. D. Alvarenga, K. C. Goretta et
al, Journal of Low Temperature Physics,141,83(2005).
[2] S. Salem-Sugui Jr., E. Z. da Silva, A. D. Alvaren-
ga,Physica C, 443,1(2006).

[3] S. Salem-Sugui Jr., A. D. Alvarenga, V. N. Vieira et al,
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We present a Raman spectroscopy study of
Fe(Se1−xTex) single crystals prepared at high (850◦C)
and low (400◦C) temperatures. The high temperature
synthesis results in samples with two phases, the su-
perconducting β-FeSe and the magnetic Fe7Se8 while
the low temperature treatment yield only β-FeSe pha-
se crystals. The Te substitution was observed to chan-
ge the magnetic phase content in high temperature
synthetized samples[1]. We found peaks at 235 cm−1

and 253 cm−1, that are attributed to iron vibratio-
nal modes, only in the single phase samples. Elec-
trical transport in the normal state show clearly the
tetragonal-orthorrombic transition at 90K in the low
temperature grown crystals and strain related anoma-
lies from 90 to 220K.

[1] M.L. Amigó et al. Supercond. Sci. Technol. 30, 085010

(2017).
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We study the superconducting properties of
population-imbalanced ultracold Fermi mixtures in
one-dimensional optical lattices that can be effectively
described by the spin-imbalanced attractive Hubbard
model in the presence of a Zeeman magnetic field. The
interplay between pairing and population density im-
balance of the internal degrees of freedom, leads to
a rich scenario which includes the possibility of exo-
tic superconducting Cooper-pair-like states with fini-
te center-of-mass momenta such as the Fulde-Ferrel-
Larkin-Ovchinnikov (FFLO) state. Rising the Zeeman
field a FFLO state is achieved for weak enough fields
while for strong fields the system undergoes ferromag-
netic. We use the mean-field theory approach to ob-
tain the ground-state phase diagrams including the
FFLO phase, and the η-phase (an extremal case of
the FFLO phase), both for the case of a fixed chemi-
cal potential and for a fixed number of particles. It
allows us to determine optimal regimes for the FFLO
phase as well as η-pairing stability. This interacting
system is also analyzed using the matrix product sta-
te formalism to faithfully describe the quantum phases
and phase transitions.

[1] A. Ptok, A. Cichy, K. Rodŕıguez, et al. Phys. Rev. A
95, 033613 (2017).

[2] A. Ptok, A. Cichy, K. Rodŕıguez, et al. J Supercond

Nov Magn (2017).
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Optimization in intrinsic and extrinsic properties
of MgB2 superconducting material is extremely im-
portant for practical application in cables, wires and
tapes. Actually, the principal mechanisms used for it
optimization is through the synthesis process as well
as the improvement in the grain connectivity, den-
sification, pinning, doping, and MgO control. Many
groups around the world use elements as Ti, Zr, Hf,
Al, Mn, Li, Si and others, as a dopant. Defects or any
other inhomogeneity in superconducting matrix can
improve the flux pinning behavior and, as a conse-
quence, the transport properties. In this work MgB2

superconducting bulks with addition of AlB2 powders
was prepared and analyzed, with an attempt to do-
pe the material with Al and introduce potential de-
fects, simultaneously, as artificial pinning centers. Su-
perconducting, crystallographic, microstructural and
optical characterization were performed and the re-
sults of these measurements were analyzed together.
As a result, the superconducting critical parameters
could be modified; the critical current density and the
irreversibility magnetic field enhanced significantly in
comparison with pure MgB2, prepared using the same
routes.
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We were able to image single vortex position in su-
perconducting β-FeSe and FeSe0,95S0,05 single crys-
tals, by means of the Bitter decoration technique. Se-
veral structural properties of the vortex array were de-
picted in this samples at characteristic magnetic fields
applied up to 5 Oe parallel to the c-crystallographic
axis of the platelet shaped crystals. In β-FeSe crys-
tals, a disordered square symmetry is observed with
one of the compact planes oriented along the sample
edge at 45◦ of the a-crystallographic axis. Towards

the center of the sample, the lattice becomes more
and more disordered and this orientation weakens. In
FeSe0,95S0,05, lines with higher vortex density indicate
the presence of twin-boundaries between orthorhom-
bic domains with different orientations. The presence
of twin boundaries seems to induce regions of square-
like vortex structure.
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Using the Anderson pseudospin representation, we
model the time dependent superconductivity of mo-
nolayer of FeSe/SrTiO3 after the q=0 infrared-active
phonon have been excited. Two fundamental frequen-
cies appear in the dynamical response of the order
parameter. The first one is the phonon frequency co-
rresponding to a fast oscillation. Moreover, we obser-
ve a small frequency that grows with the increase of
the perturbation indicating a manipulable non-trivial
amplitude mode of the superconducting gap. It is a
new transient collective mode in the BCS supercon-
ductor under excitations of the lattice displacement
field (phonon) since a synchronization between the
interacting pseudospins occur. Its origin, arise from
a resonant phenomenon for Anderson pseudospins in
a similar way to NMR for usual spins. We hope that
this resonant mechanism opens a new possibility to
manipulate the superconducting state by light pulses.
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In this paper we compare the attraction and re-
pulsion forces produced by the interaction between
a permanent magnet and an Yttrium based super-
conductor as a function of the distance between su-
perconductor (HTS) and permanent magnet (PM).
Two superconducting samples of YBa2Cu3O7−δ (YB-
CO), prepared by solid state reaction and by the
melt-textured growth method (MTG) were used. Both
samples presented a different hysteresis behavior in
the field cooling (FC) and zero field cooling (ZFC)
regimes. Levitation and suspension phenomena were
observed in the MTG sample; on the contrary, the
sintered sample with Oxygen deficiencies δ > 0,15
displayed a light levitation force but did not show
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suspension force, which is attributed to flux pinning.
The critical current density was determined from the
gap of the force (∆F ) for each value of the HTS-
PM distance. The obtained values lie between 40
A/cm2 and 4000 A/cm2 for the sintered and MTG
samples, respectively. These values show a remarka-
ble difference between sintered and MTG samples.
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We study a two band Ginzburg-Landau model in
the presence of a single vortex. We allow interac-
tions of second (quadratic, with coupling parameter
γ) and fourth (quartic, with coupling parameter γ̃)
order between the two superconding order parame-
ters. Terms beyond quadratic gradient contributions
are neglected. This paper contains as novelties: the
consideration of quartic coupling and the numerical
solution of our system of coupled equations. Our star-
ting point is the calculation of the superconducting
critical temperature, Tc. With this at hand, we eva-
luate the following parameters: (1) the adimensional
superconducting order parameters, fi, with i =1,2;
(2) the magnetic field along the z-axis, Bz(r), as
function of the following parameters: (a) γ, (b) γ̃,
(c) the radial distance, r/λ1(0), and (d) temperatu-
re, for T ≈ Tc. Our self-consistent equations allow
us to compute λ (magnetic or penetration lenght)
and Lhi , with i = 1,2 (healing lengths of the or-
der parameters) as functions of T, γ and γ̃. We end
by discussing the possibility of type-1.5 supercon-
ductivity in the compounds that we have studied.
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Josephson junctions host subgap states called An-

dreev bound states (ABS) with an energy spectrum
that depends on the relative phases of the supercon-
ducting leads and the scattering properties of the re-
gion that connects them, a quantum dot in our case.
A formal analogy between n-terminal junctions and
n − 1-dimensional materials can be made, with the
reservoir phases playing the role of quasi-momenta,
making these systems an interesting probe of reali-
zations of topology in different dimensions. In a re-
cent theoretical work [1], it was proposed that, as long
as quasi-adiabatical transport conditions are satisfied,
the transconductance between two voltage-biased ter-
minals is quantized with the Chern number of the ABS
band structure. Following this direction, we analy-
ze the case of a three-terminal Josepshon junction
(3TJJ) where topological properties can be dynami-
cally generated by breaking time reversal symmetry,
in resemblance to the 2D-honeycomb Haldane lattice,
with a chiral microwave field. Furthermore, we propo-
se an experimental protocol to determine the Berry
curvature of this out of equilibrium system. In this
case, the topology is associated with what we call the
Floquet-Andreev states of the driven 3TJJ. The key
idea of the work is to retrieve the Thouless contri-
bution to the current flowing into the reservoir leads
[2], which is generated by a coherent superposition of
Floquet states.

[1] R. Riwar, M. Houzet, J. Meyer et al, Nature Commu-
nications, 7:11167, 2016.

[2] D. J. Thouless, Physical Review B, 27, 6083, 1983.
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It was recently published that in a weak-coupled
two-band superconducting slab the vortices penetra-
ting the sample are dissociated as a consequences
of their interaction with the boundaries of the slab.
This dissociation produces vortices carrying fractio-
nal quantum magnetic flux (fractional vortices). The
current density flowing through the system leads to an
ordered alternating arrangement of the fractional vor-
tices creating non-equilibrium inter-band phase textu-
res or domains with different signs of the Josephson
energy of the interaction between the band condensa-
tes. Such phase textures have a significant effect on the
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dissipation caused by the vortex motion. To increase
the sample size delays the process of dissociation of
composite vortices and hinders the emergence of the
interband phase textures [1]. We show through the two
component Ginzburg-Landau theory that to introduce
linear pinning arrays in sample of large dimensions fa-
cilitates the decoupling of the vortex network and the
interband phase textures are present in whole sample
crossing it side to side.

[1] A. S. Mosquera Polo, R. M. da Silva, A. Vagov, A.

A. Shanenko, C. E. Deluque Toro, and J. Albino Aguiar.

Nonequilibrium interband phase textures induced by vor-

tex splitting in two-band superconductors. Phys. Rev. B,

92(21):054517, Ago 2017.
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We studied the structural transformations in the
surface of the vortex matter nucleated in pristine and
electron irradiated Bi2Sr2CaCu2O8+δ, along the second
peak transition by direct observation of individual vor-
tices. The effects of point-like disorder, introduced by
irradiation with 2.3 MeV electrons, on the phase dia-
grams were measured with local Hall probe magne-
tometry. We observed a significant depression of: the
critical temperature Tc, the first order phase transi-
tion (FOT) and the second peak field Bsp. In order
to visualize the vortex structure with single-vortex re-
solution we used the magnetic decoration technique.
This technique makes possible the analysis of structu-
ral transformations induced at the surface in the real
space, for images with thousands of vortices in a ran-
ge of applied fields significantly broader than other
techniques. We analyzed the defect density, Fourier
Transform and the structure factor of the nucleated
vortex matter for fields near to Bsp. Structural featu-
res related to an amorphous or polycrystalline state
are not observed at fields above Bsp. This result is in
agreement and complements small angle neutron scat-
tering measurements for this material [1].

[1] Pautrat, A. et al. Phys. Rev. B, 75, 224512 (2007).
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We report the influence of low Ca chemical doping
on the thermodynamic fluctuations through magneto-
resisitivity mearuments with a magnetic field applied
parallel to the c axis of the single crystals. The sin-
gle crystal were grown by self-flux method and the Ca
substitution introduces disorder in the samples veri-
fied by the presence of two Tc in dρ/dT curves [1][2].
For magnetic field applied between 2.5 and 50 kOe
only gaussian fluctuations are observed and the evo-
lution of the 3D regime to 2D and 1D is clear when
magnetic field is increased. The thermodynamic fluc-
tuation study is important to the understanding of the
superconducting pairing mechanisms.

[1] Vieira, V.N.; Pureur, P.; Schaf, J., Physica C, 353, 241
(2000).

[2] Vieira, V. N.; Schaf, J., Physical Review B, 65, 144531

(2002).
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Using second order perturbation theory in the
coupling of a quantum spin impurity to a supercon-
ductor, we extend the Shiba classic results for the sta-
tes inside the superconductor gap. The quantum fluc-
tuations in the self-energy of the Green’s functions are
taken into account and when the spin S →∞ the two
models coincide, but for S finite the results differ con-
siderably and also a phase transition can occur for our
model. Considering a spin axial anisotropy, the classi-
cal limit is obtained in the limit of infinity anisotropy.
Results for finite temperatures are also considered.
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In recent years, the class of layered transition-metal
dichalcogenides (TMDs) has been object of a rene-
wed interest, especially related to recent technologi-
cal advances allowing to grow atomically thin samples
showing novel physical properties complementary to
graphene. A large number of metallic TMDs, such as
TaS2 and NbSe2, exhibit low-temperature electronic
instabilities like superconductivity (SC) and charge-
density wave (CDW) in their bulk form, whose per-
sistence in thin exfoliated systems is still under de-
bate. They also provide a unique playground where
the interplay between SC and CDW can be analyzed
in details. Despite the intense research efforts, dating
back to early 70s, a comprehensive understanding of
electronic instabilities in these systems is still lacking,
as testified by contradictory reports found in recent li-
terature. Specifically, CDW has been long thought to
arise from a purely electronic Peierls-like instability,
whereas recent reports unambigously suggest a rather
strong electron-phonon coupling and non-negligible
anharmonic effects. On the other hand, while SC is
widely believed to originate from a conventional e-ph
mechanism, recent studies suggest that more than one
energy scale is involved and a multiband superconduc-
tivity - analogous to MgB2 - may arise in these sys-
tems. By means of state-of-the-art ab-initio calcula-
tions, we studied the role of electron-phonon coupling
in metallic TMDs, focusing on two isostructural com-
pounds, namely NbSe2 and NbS2, which display con-
trasting SC and CDW properties despite being elec-
tronically equivalent. Anharmonic effects, which have
been accounted in the framework of the recently de-
veloped Stochastic Self-consistent Harmonic Appro-
ximation, are shown to strongly weaken - or even
suppress - the CDW instability. On the other hand,
the strongly anisotropic superconducting gaps measu-
red by scanning tunneling spectroscopy are compati-
ble with anisotropic electron-phonon coupling, where
a significant contribution to the SC pairing is found to
come from low-energy phonon modes associated with
the CDW instability.
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Tetragonal CuO (T-CuO) has been recently propo-
sed as a compound whose study can give an end to
the long debate about the proper microscopic model
for cuprates [1]. In this work, we rigorously derive an
effective one-band generalized t-J model, based on ort-
hogonalized Zhang-Rice singlets, for T-CuO, and we
estimate its parameters from previous ab initio cal-
culations. By means of the self-consistent Born ap-
proximation, we evaluate the quasiparticle dispersion
for a single hole doped in antiferromagnetically orde-
red half-filled T-CuO. Our predictions show very good
agreement with angle-resolved photoemission spectra
experiments [2]. We also reproduce multiband results.
We conclude that a generalized t-J model remains
the minimal Hamiltonian for a correct description of
single-hole dynamics in cuprates, being spin fluctua-
tions the essential physical ingredient.

1 C. P. J. Adolphs, S. Moser, G. A. Sawatzky et. al, Phys.

Rev. Lett 116, 087002 (2016).

2 S. Moser, L. Moreschini, H.-Y. Yang et. al., Phys. Rev.

Lett 113, 187001 (2014).
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In this work we discuss the H−T phase diagram for
mesoscopic squared superconducting samples at the
Bogomolnyi limit, where the Ginzburg-Landau cons-
tant κ = 1/

√
2. We calculate Hp(T ), the vortex pene-

tration field, and Hu(T ) the upper critical field. Th-
rough the study of the temperature dependence of
the Hp, is possible to distinguish the region where
the magnetic field penetrates, into the sample, like a
type-I or like a type-II superconductor. It permits to
determine the threshold temperature T ?(L,H) where
occurs the phase transition from type-I to type-II for
some different sizes L of the mesoscopic superconduc-
ting samples. The calculation of the upper critical field
Hu(T ), for these samples, shows that, these two cur-
ves, Hp(T ) and Hu(T ), overlap at the threshold tem-
perature mentioned above. The magnetization of the
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system was calculated for all sizes studied in this work,
and for temperatures above and below T ?(L,H). This
study confirms the existence of the threshold tempera-
ture, T ?(L,H) where type-I and type-II interchange in
mesoscopic superconductors at the Bogomolnyi limit.
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This works investigates properties of a supercon-
ductive wire, made of type I material, that is changed
to type II by reducing its thickness such that effective
dimensionality of its condensate state become quasi-
one dimensional (1D). In this change the wire passes
through the intertype (IT) regime, where its magnetic
properties can be attributed to neither type I nor type
II. Due to a quasi-1D character of the mixed state the
IT regime differs from that in bulk and in fi

lms. However, it can still develop unconventional
spatial confi

gurations in the mixed state, in particular, giant
vortices and vortex clusters. Appearance of such struc-
tures is accompanied by changes in the magnetization
curve that can be used to detect IT superconductivity.
Results of this theoretical calculation provide a gui-
dance for experimental studies on arrays of nanowires.
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The compounds YBa2Cu3O7 have been studied by
its applicability like permanent magnets, magnetic,
motive bearings and system of storage of energy, due
to its improved microstructure. The structural varia-
tions of the YBa2Cu3O7 system have been carried out

in recent years in order to optimize the transition
temperatures and superconducting parameters [1,2].
In this paper we present the synthesis and charac-
terization of the TR3Ba5Cu8O18−δ (TR = Yb, Sm,
Ho, Dy, Gd, and Nd) superconducting system and
the new system TR3Ba5Cu8O18−δ (TR = Eu and La).
The crystal structure was determined by x-ray diffrac-
tion technique (XRD) and analyzed with Rietveld re-
finement using GSAS software, it demonstrates that
the system crystallizes in an orthorhombic structu-
re of space group Pmm2 with an increase of unitary
cell [3]. The morphological characterization made by
the technique of scanning electron microscopy (SEM)
with retro dispersed electrons displays a typical gra-
nular conformation of superconducting materials. It
was determined the critical temperatures (Tc ≈ 95K)
from resistivity and magnetization measurements as a
function of temperature.

[1] Aliabadi, A., Akhavan Farshchi, Y. and Akhavan, M.,
Physica C: Superconductivity and its applications 469.22,
2012 (2009).
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Journal of superconductivity and novel magnetism 24.7,
2099 (2011).
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Vargas, Physica B: Condensed Matter 455, 79 (2014).
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The first order transition in vortex matter in
Bi2Sr2CaCu2O8+δ with a moderate dosis of colum-
nar defects was studied with Hall probe magneto-
metry. The presence of the transition is revealed by a
paramagnetic peak in ac measurements, while a tran-
sition between two glassy or solid-like phases is obser-
ved at lower temperatures via the second peak effect.
Results obtained for matching fields of 10, 30 and 60
G are presented and compared, the persistence of the
transition and the features of the phase diagram are
discussed.
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Effect of the disorder in the pinning cen-
ters array over the superconductor vortex
lattice
Sarmiento Chavez A. C.1, Montón C.2, Giuliani J.2,
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The design and construction of pinning center
arrays in superconductors has allowed for the study
of the effects of commensuration between the pinning
array and the superconducting vortex lattice [1, 2]. It
has been found that both static configuration and dy-
namic response are affected. The signature of these
effects is the appearance of maxima in the critical cu-
rrent, or minima in the resistivity, at matching fields
whenever the lattice parameter of the vortex lattice is
conmensurate with that of the pinning center array.
Surprisingly, one aspect of the conmensuration that
has not been studied in detail is that of the role of
disorder in the pinning center array. We have grown
superconducting Nb films on top of porous alumina
membranes. The disorder degree of the pore network
was controlled and adjusted during the anodizing pro-
cess. Magnetic response measurements clearly show
matching effects between the pinning center array and
the vortex lattice. The characteristics of this matching
will be discussed in terms of the disorder in the pore
network.

[1] J. I. Facio, A. Abate, J. Guimpel, and P. S. Cornaglia,
J. Phys.: Condens. Matter 25, 245701 (2013).

[2] S. J. Carreira, C. Chiliotte, V. Bekeris, Y. J. Rosen,

C. Monton,and I. K. Schuller, Supercond. Sci. Technol.27,

085007 (2014).
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The application of uniaxial strain as a probe of elec-
tronic properties in single crystals is a growing ten-
dency, especially when it comes to strongly correla-
ted electron systems [1] [2] [3]. Uniaxial pressure has

been proved to be a powerful tool to extract infor-
mation about electronic phase transitions, including
superconducting, antiferromagnetic, electronic liquid
crystal (e.g. nematic) phases [2], etc. Recently, a novel
piezoelectric-based strain apparatus was designed and
constructed, which allows rapid, precise and in-situ
tunnability as well as the compensation for differen-
tial thermal contraction, and an improved range of the
accessible strains [3]. The installation of this device in
a helium continuous flow cryostat is here presented,
together with the testing of experimental protocols to
address strain response on transport properties. The
experimental setup allows a simultaneous measure-
ment of the temperature, electric resistivity and strain
over specific crystal directions of the sample; with the
possibility of applying a DC magnetic field with a ro-
tating electromagnet. Examples of results obtained in
experiments carried out in Ba(Fe1−xCox)2As2 single
crystals are presented. This work comes under a pro-
ject that intends to provide further evidence about
electronic nematic phase present in these materials,
and its expected relationship to the superconducting
phase transition.

[1] D. O. Brodsky, M. E. Barber, J. A. N. Bruin, et al.,

Science Advances 3, 1 (2017).

[2] H.-H. Kuo (2014), Electronic Nematicity in iron-based

superconductors (Doctoral dissertation), Department of

Material Science and Engineering, Stanford University.

[3] C. W. Hicks, M. E. Barber, S. D. Edkins, et al., Rev.

Sci. Inst. 85, 065003 (2014).
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Half-metals, HM, are compounds with a 100 % spin
polarization in one direction: they are metallic for one
spin direction but insulators, or semiconductors, for
the other direction. From the viewpoint of the den-
sity of states (DOS) it is finite at the Fermi level for
one spin direction and zero, or negligible small, for
the other. Therefore, there is a band gap for one the
spin direction. Experimentally it has been observed
CrO2 exhibits a polarization greater than 97 % at 4K,
which makes it a strong candidate for spin valves and
other spintronic devices including sensors and magne-
to optical reading and writing data storage devices.
The significant advances recently made in the fabrica-
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tion of thin films, as well as in the development of new
and more efficient theoretical simulations for studying
solids have reactivated the research in half-metals in
themselves and the studies in the development of devi-
ces that use their properties. In this work the current
vs. voltage characteristics, I-V, for a Superconductor-
I-Half-metal (SIHM) have been calculated with a sim-
ple and straightforward procedure. It essentially in-
volves a product of the corresponding DOS for both
electrodes of the junction at a given voltage, taking
into account the proper values for the Fermi function
(at T = 0) K. CrO2 abd a hypotetical BCS super-
conductor have been used as electrodes separated by
a perfect insulator to form the tunnel junction. The
DOS for the half-metal has been digitized to include
all the details in the calculation. The equation used
to evaluate the current at each voltage is:

I =
4πe

~
∑∫

dExD(Ex, Et){f(E)−f(E− eV )}×

ρ1(E)ρ2(E − eV )

which gives the current for electrons striking the
junction with an energy Ex and with total energy
Et, D(Ex,Et) is the transmission coefficient, f(E) the
Fermi-Dirac distribution function and ρ(E) is the den-
sity of states for electrodes 1 and 2. It is shown that
the results for IV obtained reveal important aspects of
the properties of half-metals when certain conditions
are imposed on the tunneling current.
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Superconducting vortex physics has been a topic of
interest since the discovery of the oxide high tempera-
ture superconductors (HTS). Two driving forces are
behind this interest, on the one hand the attractive
new physics and on the other the pursuit of techno-
logical uses. The complex vortex phenomena in oxide
HTS arise from the strong influence of thermal fluc-
tuations, which is a consequence of the small super-
conducting coherence length (ξ) and the large crysta-
lline anisotropy (γ). Paradoxically these fluctuations
are the main obstacle for applications; moreover the
problem is general and will also occur in any yet-to-
be-discovered high Tc superconductor. Although the
rich vortex behavior in the oxides contrasts with the
simpler physics in conventional low Tc superconduc-
tors (LTS), there is no sharp boundary between them.
However, modern vortex matter models have been de-
veloped to describe the oxide HTS, thus it is impor-
tant to test them in different systems. Iron-based su-
perconductors provide an opportunity to ”bridge the
gap” and check the validity of vortex models in a lar-
ge new family of materials with broad ranges of Tc,
ξ and γ. Valuable information can also be obtained
from MgB2, NbSe2, borocarbides and other LTS.

The overall goal of our research is to obtain a univer-
sal description of vortex matter in the presence of ma-
terial inhomogeneities, applicable to all superconduc-
tors. Our approach is to compare and contrast systems
with vastly different properties under a broad spec-
trum of conditions, including extreme ones. We also
manipulate the vortex properties by nano-engineering
the pinning landscape through the controlled intro-
duction of disorder at the scale of ξ , utilizing second-
phase inclusions, irradiations and doping. In this talk
I will present examples of comparative vortex mat-
ter studies, with emphasis in our recent discovery of a
universal lower limit for flux creep in superconductors.
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When a semiconductor is optically excited near an
electronic transition, a change in the index of refrac-
tion occurs. This change can be due to the presence
of excited carriers, or to lattice heating. If the optical
excitation is done in a restricted area, of the order of
the carrier’s diffusion length, a gradient is obtained.
In this work we study the effect of this gradient on
the photoluminescence spectra of a GaAs DBR based
planar optical microcavity. We show that under strong
above-gap optical excitation, and with the cavity mo-
de tuned just below the gap, an increase in the index
of refraction occurs, which in turn generates an effecti-
ve lateral confinement of the optical mode. This leads
to full three dimensional confinement of light, which is
evidenced by the light-induced changes of the spatial,
spectral, and k-space distribution of the photolumi-
nescence emission. The dynamics of the 3D photon
potential is studied using modulated optical excita-
tion, highlighting the central role of thermal effects at
the origin of the observed phenomena.
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2 Programa de Pos-Graduaçãoo em F́ısica, UFSCar, São

Carlos, SP, Brazil

E-mail: augusto.alcalde@ufu.br

In this work we show calculations of optimized effi-
ciencies of intermediate band solar cells (IBSC) based
on Mn-doped II-VI CdTe/CdMnTe coupled quantum
dot (QD) structures. We focus our attention on the
combined effects of geometrical and Mn-doping pa-
rameters on the optical properties and solar cell effi-
ciency. In the framework of k·p theory, we accomplis-
hed detailed calculations of electronic structure, tran-
sition energies, optical selection rules and their corres-
ponding intra- and interband oscillator strengths. We
also show that the effects of band admixture which
can lead to degradation of optical transitions and re-
duction of efficiency, can be partly minimized by a

careful selection of the structural parameters and Mn-
concentration. Thus, the improvement of band engi-
neering is mandatory for any practical implementation
of QD systems as intermediate band solar cell hardwa-
re. The calculations show that it is possible to reach
significant efficiency up to 26 percent by selecting a
restricted space of parameters such as quantum dot
size and shape and Mn-concentration effects, to im-
prove the modulation of the optical absorption in the
structures.
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Memory effect on eutectic In8Sb8Te84 thin
film
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In-Sb-Te system is one of the possible candidates for
novel data storage and processing technologies. The
main feature of such technologies is to be able to save
the data without consuming of energy (non-volatile
memories) and, additionally, to have innumerable ac-
cess to these data. It is expected that the foundation of
the non-volatile memories lies in the change of electri-
cal resistance and no longer in the storage of charge.
While the main efforts of scientific and engineering
community are traditionally directed to the search of
a suitable compound, we alternatively explore an eu-
tectic ternary composition whose advantage is that
crystallization as well as amorphization occurs simul-
taneously for the present multiphases. In this connec-
tion, we previously studied thermal characteristics of
In8Sb8Te84 eutectic thin films (prepared by pulsed
laser deposition) as well as the dependence of their
sheet resistivity on temperature [1]. The revealed cha-
racteristics resulted highly attractive: the crystalliza-
tion temperature was about 140oC and the resistivity
jump about 10000 times. Hereby, we continue stud-
ying the eutectic film by carrying out V-I measure-
ments in transversal mode with home-made electro-
nic circuit, in accordance with suggested in [2]. The
measurements were made in a voltage-controlled mode
using a voltage generator. The results demonstrated
that the system under research evidenced a memory
effect. The main characteristics as Voltage threshold
and Voltage hold (1-3 V) are compatible with the ones
revealed by the well known Ge2Sb2Te5 compound.

[1] V. Bilovol and B. Arcondo, Journal of Non-Crystalline
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Solids, 447, p.315 (2016)

[2] S.A. Fevelov at al., Technical Physics, Vol. 59, No. 4,

p.546 (2014)
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2 Instituto de F́ısica del Litoral (CONICET-UNL)
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The Integer Quantum Hall effect (IQHE) is usually
explained as a single-particle phenomena, that results
from a combination of magnetic-field induced energy
quantization, confinement, and disorder [1]. We will
shown in the present contribution that this single-
particle scenario does not apply to the IQHE ”con-
ductivity maps” [2] of semiconductor trilayer systems.
Using the Local Spin Density approximation [3], we
have found that these conductivity maps are deeply
modified by Hartree and exchange interactions, at the
crossing point between two generalized Landau levels
in trilayers with filling factors ν = 3 and 4. Besides,
we provide also a qualitative understanding of these
ab-initio results in terms of a simplified model where
each layer is approximated by a strict two-dimensional
electron gas. These theoretical results are easily ame-
nable for its experimental confirmation.

[1] J. Weis and K. von Klitzing, Phil. Trans. R. Soc. A,
369, 3954 (2011).
[2] X. C. Zhang, G. D. Scott, and H.W. Jiang, Phys. Rev.
Lett. 98, 246802 (2007).

[3] G. J. Ferreira, H. J. P. Freire, and J. C. Egues, Phys.

Rev. Lett. 104, 066803 (2010).
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Quantum rings are semiconductor nanostructu-
res confining electrons and holes in a circular one-
dimensional region causing the discretization of the
energy states. When the ring is optically excited by
light carrying orbital angular momentum or twisted
light [1] an electric current around the ring is in-
duced, as recent theoretical work predicts [2]. From
basic classical electromagnetism, an electric current

around a loop induces a field, that in turn interacts
back with the currents. Thus, a detailed study of the
effects of twisted light on quantum rings requires the
consideration of self-induction. In this work we study
the coupled dynamics of electrons and electromagne-
tic fields in nanoscopic rings. We use a semiclassical
theory, where twisted light and self-induced fields are
modeled using Maxwell?s equations in the magnetic
quasi-static approximation and electrons are modeled
using Heisenberg equations of motion. We show that
in the low-excitation regime (low-intensity twisted-
light field) the system of equations can be analytically
solve using an iterative method, yielding the kinema-
tics of electrons and fields. We end with a discussion
of new findings and possible applications in the quan-
tum control of impurity spins placed within the ring
using self-induced magnetic fields.

[1] D L Andrews, Structured light and its applications:
An introduction to phase-structured beams and nanoscale
optical forces (Academic Press), 2008

[2] G F Quinteiro, J Berakdar, Optics express 17 (22),

20465 (2009).
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We study the effects of the spin-orbit interaction on
the 2p energy level of a hydrogenic impurity in semi-
conductors with wurtzite crystal structure. We consi-
der both the extrinsic and intrinsic contributions to
the spin-orbit interaction. The extrinsic contribution
is analogous to the spin-orbit interaction in the hydro-
gen atom, with a strongly renormalized coupling cons-
tant. We have calculated the corresponding coupling
constant for wurtzite semiconductors using the Kane
model. The intrinsic spin-orbit coupling, also called
Dresselhaus coupling in the literature, contains linear
and cubic terms in k and reflects the characteristic
asymmetry of the wurtzite crystal structure. Using
degenerate perturbation theory, we obtain the energy
corrections of the hydrogenic impurity stemming from
these two couplings, first considered individually and
then with both combined. We present numerical re-
sults for four specific materials, namely, GaN, ZnO,
InN and AlN, which are of great current interest.

61



II - Semiconductors

P-290 PTC-II-7

Structural and electronic properties of
TiO2 sensitized with organic dyes using
DFT
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Given its abundance has been proposed the TiO2

with organic dyes as a good candidate for the pro-
duction of a new generation of solar cells, so it is
important to characterize the physical properties of
the material in order to establish clearly its poten-
tial and scope of other possible applications.[1] This
study seeks to specifically characterize certain struc-
tural and electronic properties of TiO2 in the confi-
guration anatase and rutile in the presence of organic
dyes. Using the DFT method for calculation of pro-
perties on regular surfaces will be used two types of
functional different LDA and GGA to establish the
correlation energy, and make a comparison between
them in order to establish control in the results. For
the anatase and rutile we use a tetragonal structure
[2]. The SIESTA software was used for the calculation
of properties.

[1] John W. Anthony ,”Handbook of Mineralogy”, Mine-
ralogical Society of America, 2001
[2] David O. Scanlon, ”Band alignment of rutile and anata-
se T iO2, Nature materials, 2013

[3] Fernando Mendizabal & Alfredo Lopéz & Ramiro

Arratia-Pérez et al, Springer-Verlag Berlin Heidelberg,

2015
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The mid-infrared spectral range (MIR, 3 a 30 µm) is
particularly important in applications related to spec-
troscopy, remote sensing, and security and environ-
mental imaging. Most organic and inorganic molecules
have spectral fingerprints related to roto-vibrational
transitions in this range, allowing for the detection
of potentially dangerous substances like contaminants
and explosives both in-situ and remotely. In recent
years the demand for powerful, compact and tunable

sources in this range has been covered to a greater
extent by solid-state laser emitters, in particular by
quantum cascade lasers (QCLs). A QCL is a semicon-
ductor device based on the engineering of the electro-
nic states and transitions between confined levels of
the same band (inter-subband) in coupled quantum
wells. Thanks to the developments in semiconductor
growth technology, specially in molecular beam epi-
taxy (MBE) techniques, QCLs have become the domi-
nant source for the generation of mid-infrared radia-
tion. The inter-subband transitions can also be used to
produce detectors, thus giving rise to the development
of quantum well infrared photodetectors (QWIPs).

This type of devices has placed the area of inter-
subband transitions as one of the topics on the fron-
tier of knowledge of semiconductor device science and
technology. However, the development of these sub-
jects in Argentina is limited, specially in the expe-
rimental area. In this work I will present the state
of advance of a project inside the National Atomic
Energy Commission, lead by the Photonics and Op-
toelectronics Laboratory in Bariloche, to study the
basic principles of operation of these devices, with
an emphasis in the development of local capabili-
ties for the design, growth and characterization of
inter-subband quantum cascade devices for the ge-
neration and detection of mid-infrared radiation.
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The interaction between mechanical and optical
resonances in cavities has attracted strong interest
motivated by many new phenomena and applica-
tions, including light-induced rigidity, cooling, and
self-oscillation [1]. It has been recently shown that
for the GaAs/AlAs family of semiconductors, an op-
tical microcavity based on distributed Bragg reflec-
tors (DBRs) and designed to confine NIR photons,
efficiently confines acoustic phonons in the GHz-THz
range [2]. Potentially large coupling rates between the
acoustic and optical fields in these resonators ma-
ke them appealing systems for cavity optomechanics.
Numerical modelling of the vacuum optomechanical
coupling factor was reported due to two intervening
mechanisms, namely the interface displacements and
photoelastic contributions in these nanostructures. In
hybrid structures including embedded quantum wells,
cavity polariton mediation has been proposed as a
means to avoid the absorption related broadening of
the optical cavity mode at resonance with the elec-
tronic bandgap energy of the active material. Such
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photoelastic resonant coupling mechanism could allow
the access to huge optomechanical coupling rates [3].
In addition to interface displacement and photoelas-
tic coupling, also thermal and optoelectronic forces
are expected to play a role in these optomechanical
resonators. We present a detailed theoretical study
using finite-difference modelling of these contributions
for bulk and multiple quantum well GaAs/AlAs op-
tomechanical micropillar cavities in order to compare
the role of the different optical forces driving confined
acoustic phonons in the GHz-THz range. We demons-
trate the leading role of resonant photoelastic and op-
toelectronic related-forces, and discuss their potentia-
lity for the observation of sideband resolved cooling
and phonon lasing in these devices.

[1] M. Aspelmeyer, et al, Rev. Mod. Phys. 86, 1391 (2014).
[2] A. Fainstein, et al, Phys. Rev. Lett. 110, 037403 (2013).

[3] B. Jusserand, et al, Phys. Rev. Lett 115, 267402 (2015).
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Corbino disks are one of the many geometries
developed to investigate the quantum Hall effect
in special conditions [1], [2]. In particular, their
geometry allows to lodge a heater in the center,
generating radial gradients of temperature. In this
way, thermo-electric effects such as charge and heat
transport can be studied an independent fashion in
quantum Hall states. Thanks to the symmetry of the
system, in Corbino there are two conduction channels
that, being independent, can not interact by charge
and this differentiates it from the Hall bars. In this
project we worked on the design and manufacture of
Corbino structures in high mobility GaAs samples
and measured the quantum Hall effect by varying the
temperature (300 mK − 2 K) in cryogenic systems.
The technological challenges of its manufacture as
well as the experimental results and its metrological
applications are presented.

[1] M. Real, Characterization of samples for the realiza-
tion of the integer quantum Hall effect. Bachelor Thesis,
FCEyN, University of Buenos Aires, 2010.

[2] S. Kobayakawa, A. Endo and Y. Iye, JPSJ 4, 4 − 7,

2013.
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We calculate the spin-relaxation time for electrons
in the impurity band of semiconductors with wur-
tzite crystal structure, for doping densities corres-
ponding to the metallic side of the metal-insulator
transition. The spin-flip hopping matrix elements of
the effective Dresselhaus spin-orbit Hamiltonian bet-
ween impurity states are calculated and used to set
up a tight-binding Hamiltonian. The spin-relaxation
time is obtained from both a semiclassical and a
fully quantum-mechanical model. The latter is a
microscopic self-consistent diagrammatic theory of
spin and charge diffusion for the disordered sys-
tem of impurities. Out theory is applied to GaN,
ZnO, InN, and AlN. Good agreement with experi-
ments is obtained for GaN and ZnO. Our theory pre-
dicts that appropriate tuning of the linear-in-k part
of the spin-orbit interaction leads to a deep mini-
mum of the spin-relaxation rate for InN and AlN.
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We report in this work the determination of do-
nor concentration, build-in voltage and the thickness
of donor and acceptor layers on the depletion re-
gion. The capacitance-voltage measurements onto N-
p Co(Mn)-doped ZnO/YMnO3 heterojunctions dio-
des (NpHJDs) system were done. And we varied the
Co(Mn) concentration from undoped to 0.1 and 5.0
atom percent. Samples were grown by pulsed laser
ablation where the frequency of the laser was varied
and number of pulses at 1500 and 2500 for the doped
ZnO films maintaining constant all the other growth

63



II - Semiconductors

parameter. Donor concentration, Nd, build-in voltage,
Vd, for all NpHJDs, were calculated using the Pois-
sonś equation, assuming an abrupt interface and an
acceptor concentration, Na = 1.0x1020 cm−3.[1] Re-
sults indicate a dependence of Nd, Vd and thickness
of the n-layer respect to kind of doped atom, doping
concentration and number of pulses. Hysterectic beha-
vior by C-V curves was observe exhibiting a decrea-
sing capacitance during the backward sweep due to
possible reduction V+

0 after applying +V sweep. Re-
sults with opposite behavior for n-type ZnO on p-type
Si-substrate were presented with the authors.[2] We
figure out thickness of the donor layer (Wd) is larger
than acceptor layer (Wa).[3]

[1] M.Tomczyk, et al. High temperature dielectric proper-
ties of YMnO3 ceramics. Journal of applied physics 110,
064116 (2011).
[2] S.C.Lee, et al. Analog and bipolar resistive switching
in pn junction of n-type ZnO nanowires on p-type Si subs-
trate. Journal of Applied Physics 114, 064502 (2013).

[3] A.Bogusz, et al. Bipolar resistive switching in

YMnO3/Nb:SrTiO3 pn-heterojunctions. Nanotechnology

27, 455201 (2016).
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Defects can be used to tune and modify properties

of insulators or semiconducting alloys. Several experi-
mental and theoretical approaches have been used to
investigate the impact of N on the electronic structure
of GaAs1−xNx alloys, however, there is no agreement
between predictions and experimental results with res-
pect to the importance of the different N interstitial
defects in these alloys, and the detailed nature of the
defect states is unknown. Here we analyze the impact
of five different N defects on the electronic structu-
re of GaAsN alloys using density-functional methods:
we calculate the electronic states, formation energies
and charge transition levels. The set of studied defects
includes NAs, AsGa, AsGa-NAs substitutional defects,
and (N-N)As, (NAs)As split-interstitial complex de-
fects, typically present in devices. Our results for the
defect formation energies are in good agreement with
those reported by S.B. Zhang et al. [1] who predic-
ted these N defects. Among the interstitial defects,
we found that (N-As)As emerges as the lowest energy
configuration in comparison with (N-As)As, in agree-
ment with recent experiments [2]. We also calculated
the levels induced in the electronic structure due to
each of these defects: the defect states may occur as
deep levels in the gap, shallow levels very close to the
band edges, and as levels between the bulk states. We
find that the largest changes in the band structure are
produced by an isolated N atom in GaAs, which is re-
sonant with the conduction band, exhibiting a strong
hybridization between N and GaAs states. Deeper le-
vels in the energy gap, for which the energy required
to transfer an electron (or hole) towards the conduc-
tion (or valence) band exceeds the characteristic ther-
mal energy (kBT ), are obtained with (N-N)As split-
interstitial defects. Our results confirm the formation
of highly localized electronic states around the N sites,
which is convenient for applications.

[1] S.B. Zhang, and Su-Huai Wei, Phys. Rev. Lett. 86, 1789
(2001).

[2] T. Jen, G. Vardar, Y.Q. Wang et al., Appl. Phys. Lett.

107, 221904 (2015).

64



III - Magnetism

P-114 PTQ-III-1

Good-folder to superspin-glass transition
in two-dimensional magnetic nanostructu-
res
Gallina D.1, Pastor G. M.1
1 Institut für Theoretische Physik, Universität Kassel,

Germany

E-mail: pastor@uni-kassel.de

The interaction-energy landscapes (EL) and mag-
netization dynamics of two-dimensional ensembles of
dipole-coupled magnetic nanoparticles are investiga-
ted theoretically. Extended nanostructures are mo-
deled by considering nonoverlapping nanoparticles
(NPs) in a square unit cell with periodic boundary
conditions. The local minima and connecting transi-
tion states of the EL are determined systematically
for a large sample of NP arrangements having diffe-
rent degrees of disorder. The topology of the networks
of critical points is analyzed in detail for representa-
tive examples, by taking both local and energy pers-
pectives and by using connectivity and disconnecti-
vity graphs. It is shown that increasing the degree
of disorder not only increases most significantly the
number of local minima and transition states, but it
also changes the shape of the EL in a very profound
way. While slightly disordered ensembles correspond
to good folders, which are funneled towards the global
minima, strongly disordered systems show very rough
landscapes leading to trapping and complex relaxation
mechanisms. The consequences of this EL reshaping
on the Markovian dynamics of the nanostructures are
quantified by calculating the field-free magnetic rela-
xation after saturation. The results show that for a
wide range of temperatures the relaxations of slightly
disordered systems have a stretched-exponential form,
with a single characteristic time scale. In contrast,
strongly disordered systems display a much more com-
plicated dynamics involving multiple time scales as in
typical spin glasses. The fundamental correlations bet-
ween the temperature-dependent magnetization dyna-
mics and the topology and energy-barrier distribution
of the underlying interaction-energy landscape are es-
tablished.
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The amorphous alloys ribbons system Fe73.5-
xCrxCu1Nb3Si13.5B9 with 0 ≤ x ≤ 14 (at. %)
is studied by volume magnetization, magneto-optic
Kerr effect, and Hall effect, under finite DC applied
fields (H). Particular attention has been given to de-
termination of several magnetic fields of each sam-
ple, including the coercive magnetic fields at volume
and near-surface HVCF(x) and HSCF(x), respecti-
vely, and HSM(x), the which is here defined as the
field maximum value at which the extraordinary Hall
effect vanishes. Magnetic features studied by using
a volume sensitive vibrating sample magnetometer
clearly differ from the near-surface magnetic proper-
ties studied by longitudinal magneto-optical Kerr ef-
fect (SMOKE). Indeed, it is found that the Cr con-
centration dependences of HVCF(x) and HSCF(x)
are different and opposite. For the sample with x
= 0, HSCF(0) is larger than HVCF(0). As the Cr
content increases, HSCF(x) decreases quickly while
HVCF(x) increases slowly. In this work, we empha-
size the presence of inverted volume hysteresis loops.
Concomitantly with this inverted behavior, a negati-
ve remanent volume magnetization is observed in all
samples. The possible mechanisms that lead to the-
se inverted volume hysteresis loops are discussed.
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Carreras Oropesa W.1, Garćıa D. J.2 1, Cornaglia P.
S.2 1

1 Instituto Balseiro - Universidad Nacional de Cuyo
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We address the peculiar magnetoelastic properties
of CeCo0,85Fe0,15Si at temperatures close to the Néel
transition. Using a Landau theory we provide a des-
cription of the available thermal expansion, magne-
tostriction, magnetization and specific heat data. We
show that the available experimental results [Jour-
nal of Physics: Condensed Matter 28 346003 (2016)]
are consistent with the presence of both a magne-
tic and a structural transition in this compound.
The strong magnetoelastic coupling presents a Janus-
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faced effect, while the structural transition is shif-
ted to higher temperatures as the magnetic field is
increased, the resulting striction at low temperatu-
res decreases. Our results also suggest the presen-
ce of a strong non-local magnetoelastic coupling.
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In the last few years, numerous studies have pro-
posed the emergence of chiral spin liquid states and
topologically protected phases in the kagome antife-
rromagnet with additional interactions. In this work,
we present an exhaustive study of the low temperatu-
re phases of the classical kagome extended Heisenberg
model in highly frustrated regimes. We first present an
isotropic model including up to third nearest neigh-
bours, where we find highly degenerate ground states
in the boundaries of classically chiral phases. Then, we
focus on the effect of additional Zeeman coupling and
antisymmetric Dzyaloshinskii-Moriya (DM) interac-
tions. We find a rich phase diagram, including regions
with different chiral phases and broken symmetries.
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One of the major challenges in the academic field
is to develop materials with high magnetic satura-
tion, low coercive field, relatively large magnetic an-
isotropy, high Curie temperature, good corrosion re-
sistance and that can operate at high frequencies.
From these requirements, the hexagonal ferrites gat-
her interests that are increasing since they are expec-
ted to solve such problems. The M−type hexaferrite
(SrFe12O19), has hexagonal crystalline structure with
a stacking sequence of SRS∗R∗, belonging to the spa-
ce group P63/mmc. However, in order to alter the

magnetic and electrical properties, the studies in this
material are focused on the partial or total replace-
ment of ions in the Sr or Fe sites by rare earth ele-
ments. In this work, we prepared Sr1−xSmxFe12O19

(0,0 ≤ x ≤ 0,15) compound by the proteic sol−gel
process consisting of replacement of conventional alko-
xides by coconut water. Strontium nitrate, iron nitrate
and samarium nitrate stoichiometrically were dissol-
ved in coconut water and then transformed into a xe-
rogel by heating 100oC/24h and calcined to 950oC/2h.
The results of X-ray diffraction showed the formation
of a single phase in samples until x ≤ 0,05, indicating
the complete incorporation of Sm ions in the crystal
lattice of the hexaferrite, confirmed by Raman spec-
troscopy. In addition, magnetization measurements
as function of field and SEM analyses are shown.
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The spin valves (SV) are coupled magnetic thin
films having different magnetization states and that
also reverse individually, allowing access to arbitrary
values magnetic remanence and that can be measured
as magnetoresistance states, making them potential
magnetoresistive sensors. If a metallic separator is in-
troduced between two ferromagnetic materials with
perpendicular magnetic anisotropy (PMA) it is pos-
sible to obtain pseudo-spin valves (PSV) having the
same characteristics previously mentioned [1]. In this
work we fabricated Co/Pd-based PSVs, introducing
different intermediate Co and Cu separators in order
to control the magnetic coupling between the PMA la-
yers. The magneto-electrical properties depending on
the material and thickness of intermediate layers ha-
ve been characterized, so as to determine the opti-
mal parameters of magnetic anisotropy and optimize
magnetoresistance and Hall Effect. After optimizing
the PSVs in continuous substrates, the films where
deposited on top of AAO membranes with pores of
different diameter, called antidots and on the bottom
of AAO membranes, forming nanodomes [2]. Large va-
lues of magnetoresistance can still be observed on the
nanomodulated PSV, being the larger values obser-
ved in nanodomes with 50 nm in diameter. Magne-
tization, extraordinary Hall effect and magnetic force
microscopy have been used to characterize the samples
and to study the magnetization reversal mechanism in
each system.
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Alloys of Sm-Fe-Ti were synthesized by mechani-
cal milling for 5 hours. After 5 hours of milling the
patterns x-ray diffraction showed that the Sm-Fe-Ti
alloys are nearly amorphous with an average crysta-
llite size 〈D〉∼ 8 nm. Studies of TEM show a micros-
tructure with small precipitates that confirm which
the alloys of Sm-Fe-Ti possess nanocrystalline charac-
ter. The nanocrystalline alloys of phases multiples was
exciting because this presented effects very attractive
by example, when have in material ferromagnetic in
presence of the materials ferrimagnetic is possible to
observed effects very interesting such as the magne-
tic relajations due to the presence of the Exchange
interactions de short scope. The magnetic properties
of remanence for alloys of Sm-Fe-Ti were measured
to study the interactions between grains. The varia-
tion of the curve ∆m vs applied magnetic field by
the nanocomposites of Sm-Fe-Ti obtained by mecha-
nicall alloying during five hours of milling was obtai-
ned and this is observed that the values of ∆m ne-
gatives that is due to the antiferromagnetic interac-
tions of scope long. The curve ∆m vs applied mag-
netic field by the nanocomposites of Sm-Fe-Ti annea-
ling to 30 minutes to 840◦C it is observed positive
values of ∆m showing also that the dominant inter-
actions were the exchange coupling of scope short.
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The Shastry-Sutherland (ShSu) lattice can be des-
cribed as a two-dimensional (2D) simple squared latti-
ce, where respective nearest-neighbors (nn) and next-
nearest-neighbors (nnn) couplings J1 and J2, are anti-
ferromagnetic AF [1]. In the case where the ’nn’ mag-
netic atoms form dimers disposed in an orthogonal
network, the configuration is topologically equivalent
to the 2D square lattice of the Heisenberg model which
has a dimer ground state (GS). Recently, the forma-
tion of that phase was reported to form in Ce2Pd2Sn
[2] because this compound presents a crystalline Ce-
lattice where the triangular coordination of Ce-nn in-
duces geometrical frustration.

That phase is observed within a limited range of
temperature, between the upper transition at Tm ≈
4,9 K and the lower at TC ≈ 2,1 K, having a spin co-
rrelated paramagnetic phase above Tm and a ferro-
magnetic (FM) one as GS. This exotic phase builds
up from FM dimers formed by Ce ’nn’ atoms through
the J1 interaction, and shows the onset of magnetic
correlations at T ≈ 20 K. An anti-FM (AF) exchange
interaction (J2) between those dimers drives the for-
mation of the ShSu phase, realized in this compound
as a quasi-2D square lattice of effective spin Seff = 1
below Tm [2].

This phase is suppressed under applied magnetic
field [3] once TC(B) joints the field independent Tm
transition at a critical filed Bcr ≈ 0,11 Tesla. In this
contribution we compare the field effect on the ShSu
phase with the effect of electron doping by substitu-
ting the three-valent ’Sn’ element by the tetra-valent
’In’. For this purpose we have investigated the low
temperature behavior of thermal and magnetic beha-
vior of a series of Ce2Pd2Sn1−yIn alloys.

[1] B. S. Shastry and B. Sutherland, Physica 108B (1981)
1069.
[2] J. G. Sereni, M. G-Berisso, A. Braghta, G. Schmerber,
J. P. Kappler, Phys. Rev. B 80 (2009) 024428.

[3] J.G. Sereni, M. G-Berisso, G. Schmerber, J. P. Kap-

pler., Phys. Rev. B 81 (2010) 184429.
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Conjugated system have complex behaviors when
increasing the number of monomers, which is one of
the reasons that makes long oligomers hard to be cha-
racterized by numerical methods. An example of this
are fused-azulenes, oligomers that has been reported
to displays an increasing magnetic moment with sys-
tem size [1, 2, 3]. Charge density calculations for these
frustrated molecules also show the appearance of an
electric dipole moment along the oligomer, indicating
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that the system would be multiferroic[2]. We perform
Density Matrix Renormalization Group simulations to
explore the phase diagram for the Hubbard model as
a function of oligomer length and electronic interac-
tion. We find that a simple second-order perturba-
tion treatment of electronic correlations by means of
Rayleigh-Schrödinger Perturbatiom Theory allows to
accurately infer about the magnetic state of these long
complex π-conjugated molecules at the weakly corre-
lated limit[3]. Our results support the hypothesis that
the high-spin ground state on azulene oligomers comes
from the geometry of these chains that could lead to
magnetic frustration. We also show how the electric
polarization varies over the whole phase diagram.

[1] Z. Qu et al, J. Chem. Phys. 134, 021101 (2011)
[2] T. Simil et al, Rhys. Rev. B, 86, 180403 (2012)

[3] A. Valentim and D. J. Garćıa, arXiv:1705.08474v2
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Magnetic nanoparticles (NPs) are widely used in
medicine as contrast agents for MRI, oncology hypert-
hermia (MFH) therapy, and other applications. Due
to their high magnetization,chemical stability and low
toxicity, ferrite NPs,especially magnetite (Fe3O4), are
applied clinically. In 2007, Gao et al. [1] found that
this material is capable of catalyzing the production of
free radicals (FR) in the Fenton reaction because they
possess peroxidase catalytic activity. FR are highly
unstable, with paramagnetic behavior, that occur na-
turally in the body. In high concentrations they can
induce oxidative stress, concluding with the death of
the cells. For this reason, determining the peroxidase-
like catalytic activity of magnetic NPs in different me-
dia is of vital importance.[2]

With this idea, the quantification of FR formation
was performed using the Electronic Paramagnetic Re-
sonance (EPR) spectroscopy technique with DMPO
spin trap, which reacts with the short half-live FR
producing a more stable radical with a longer half-life
that can be measured. Three nanoparticle systems we-
re used: Fe3O4, MnFe2O4 and NiFe2O4 prepared by

the thermal decomposition of iron acetylacetonate at
high temperature in the presence of surfactants.

The NPs were characterized morphologically by
TEM microscopy, chemically by EDS, XPS and FTIR,
and magnetically by magnetization measurements as
function of applied field and temperature. The EPR
spectra were taken at 293 K, 313 K and 318 K. The
areas of the lines were adjusted, taking into account
the hyperfine interactions of each radical bound to
the DMPO. The spectra reveal hydroxyl (◦OH) and
superoxide (◦OOH) radicals from the H2O2 decompo-
sition together with the methyl radical (◦CH3) from
the DMSO in which the DMPO was dissolved. To en-
sure quantification, all spectra were compared with a
standard sample of Mn2+ : MgO.

[1] Gao, et al. “Intrinsic peroxidase-like activity of ferro-
magnetic NPs”. Nature Nanotec., 2007: 577-583.

[2] Niki, “Lipid peroxidation: physiological levels and dual

biological effects”. FR Biol Med., 2009: 469-484.
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In this work, we investigate the antiferromagnetic
phases of the underscreened Anderson model. This
model describes two 5f bands (of character α or β)
which hybridize with one itinerant conduction band.
The effect of pressure is assumed to increase the tight-
binding hopping integrals for both the conduction and
the 5f bands. Our results in the phase diagram tempe-
rature vs pressure show that two distinct Spin Density
Waves phases (SDW1 and SDW2) appear below a se-
cond order transition temperature. This two phases
are characterized by the gaps of bands α and β gi-
ven by ∆α and ∆α, respectively, i. e., SDW1 occurs
for ∆β > ∆α > 0 while the SDW2 is given by ∆α >
∆β > 0. At lower temperatures and for intermediate
values of pressure, there is a direct first-order phase
transition between SDW1 and SDW2 ending at a cri-
tical point. Alternatively, one can also interpret this
direct transition in terms of large and small magne-
tic moment antiferromagnetism in different 5f-bands
which interchange their order under pressure. Moreo-
ver, as pressure is further increased, there is another
phase transition between SDW2 and the paramagnetic
phase displaying a tricritical point. We also examine
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the band structure and the Fermi surfaces. We propose
that the results described above can explain the beha-
vior quite recently found in the compound UIrSi3.
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1 Grupo Resonancias Magnéticas, Gerencia F́ısica,

Comisión Nacional de Enerǵıa Atómica, Centro Atómico
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Magnetic fluid hyperthermia (MFH) consists in the
heating of a target tissue by the magnetic losses of
a ferro- or ferrimagnetic materials (MNPs) using ac
magnetic field with frequency between 100kHz and
1MHz. Ferrite nanoparticles are interesting systems
for MFH whit a large number of potential applica-
tions in this field. The key parameter in MFH is the
specific power absorption (SPA) of the nanoparticles,
and is determined by the magnetic, morphological and
rheological properties of the solvent/MNPs. In this
work, we present a study of the morphological and
magnetic properties of ZnxFe3−xO4 nanoparticles in
order to understand their MFH response. By contro-
lling the size and the composition of our samples we
tune the effective magnetic anisotropy and the satu-
ration magnetization, which allow us to optimize the
SPA of our material in MFH experiments. MNPs of
different sizes between 8-30nm where synthesized by
high temperature thermal decomposition of organo-
metallic precursors. The morphology of the nanopar-
ticles was determined by TEM, the composition was
analyzed by PIXE, and the magnetic properties were
determined by magnetization measurements and fe-
rromagnetic resonance experiments. The magnetic hy-
perthermia experiments were performed as a function
of both frequency, between 228 kHz and 817 kHz, and
amplitude, up to 300 Oe, in different rheological con-
ditions (i. e., different viscosities). The resulting SPA
values were analyzed in terms of the different mecha-
nisms that determine the magnetic losses. These me-
chanisms are related to the magnetic relaxation of the
nanoparticle´s moment and its phase shift respect to
the ac applied field. With a simple model, we were
able to analyse the dependence of the SPA with the
frequency for the different samples. We also present
measurements of the catalytic peroxidase-like activity
to produce free radicals of the nanoparticles under

emulated physiological conditions, which is critical for
potential clinical uses of these systems.
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Magnetoestructural properties of GdCoIn5 and
GdRhIn5 have been investigated in single crystals.
In these C-type antiferromagnets our magnetostric-
tion experiments indicate a strong anisotropy asso-
ciated with a lattice distortion, breaking the tetrago-
nal lattice symmetry in the orderer phase. Magnetic
anisotropy in Gadolinium compounds is usually asso-
ciated with dipole-dipole interactions in some cases
or with strain-dependent exchange interactions in ot-
hers [1]. In many tetragonal Gd based compounds no
symmetry breaking distortion has been found expe-
rimentally. But from symmetry considerations, a C-
AF magnetic order should break the crystal tetrago-
nal symmetry [2]. This observation led to the formu-
lation of what is called “magnetoelastic paradox”[3].
We propose a model that shows that the anisotropy
of Gd is due to a mechanism involving both together
the dipole-dipole interaction and a strain-dependent
exchange interaction. Our theoretical results are in
good agreement with our experimental data clearly
indicating a symmetry-breaking lattice distortion.

[1] M. Rotter, M. Loewenhaupt, M. Doerr, et al. Physical

Review B, 68, 1(2003)

[2] E. Callen. Journal of Applied Physics, 39, 519(1968).

[3] M. Rotter, A. Lindbaum, A. Barcza, et al. Europhysics

Letters, 75, 160(2006).
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In this work, we propose a study of the mag-
netic properties of Dy0,2Nd0,8CrO3 prepared by co-
precipitation method and calcined at 700 ◦C for 6
hours. X-ray diffraction results show a single-phase
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formation with orthorhombic symmetry and spatial
group Pbnm (ICSD 38022). Measurements of magne-
tization as a function of temperature in the Zero Field
Cooling and Field Cooling (ZFC-FC) mode with an
applied field of 1 kOe show a predominantly antife-
rromagnetic behavior with a TN at approximately 230
K. We have also verified that our results present not
reversal magnetization same for low field. It known
that this system in its extreme ((Nd,Dy)CrO3) ex-
hibits only negative exchange Bias [1], but we have
observed that in a temperature region close to 5 K
when the samples is cooled and submitted to a field
the hysteresis shift change signal presenting unexpec-
ted negative exchange bias phenomenous. Moreover,
magnetization measurements as a function of the field
were also performed at 3 K for different intensities
of magnetic fields during the cooling showing a maxi-
mum value of exchange Bias field (40 Oe) when the
cooling field is equal to 10 kOe.

[1] A. McDannald; L. Kuna and M. Jain, Physical Review

B, 93, 184430 (2016).
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We report theoretical and numerical results on sca-
ling laws for systems with multiple time scales in the
context of kinetic dynamics of domain growth [1]. The
theoretical method has been tested by Monte Carlo si-
mulations of a planar magnetic Heisenberg model with
long-range interactions. We show that the characteris-
tic length of the domain growth behaves according to a
Lisfshitz Allen-Cahn law with logarithmic corrections,
such that the exponent of the correction depends on
the temperature.

[1] D. Laroze, P. Dı́az, and R. L. Stamps, Phys. Rev. B 95,

104438 (2017)
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The dynamics of domain walls (DW) in ultra-thin
ferromagnetic films received much attention in recent
years because of its potential application in the area
of spintronics. Beside the practical implications, from
the basic point of view, DW in thin films with perpen-
dicular magnetic anisotropy (PMA) are particularly
interesting, because its motion can be modeled as an
elastic interface driven in the presence of weak disor-
der [1,2]. In the last decade, several experimental and
theoretical works explained the main results in term of
different steady DC regimes [1,2], but until now there
are just a few studies exploring the AC DW dynamics
[3]. The magneto-optical (MO) microscopy is one of
the most versatile techniques to image the dynamic of
magnetic domains in ferromagnetic films [1,2,3]. The
method is based on the MO Kerr (or Faraday) effect,
i.e. the rotation of linearly polarized light in dependen-
ce of the local magnetization direction on reflection
(or transmission) from the sample. This work inclu-
des the design and construction of a home made MO
Kerr microscope in the Physics Department, FCEyN,
UBA. We study the dynamics of domain wall in ul-
trathin Pt/Co/Pt films with PMA under the action
of different DC and AC fields. The films where grown
in the RMN Laboratory, CAB, CNEA, using layer-
by-layer evaporation steps. The characteristic curves
of velocity and the mean displacement are analyzed
and compared, revealing characteristic features of the
oscillatory DW dynamics.

[1] J. Ferré et al., C. R. Physique 14, 651 (2013) y sus
referencias

[2] J. Gorchon, S. Bustingorry, J. Ferré et al., Phys. Rev.
Lett. 113, 027205 (2014)

[3] W. Kleemann, J. Rheusius, O. Petrovic et al., Phys.

Rev. Lett. 99, 097203 (2007)
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The manipulation of the magnetic response by elec-
tric signals is a subject of growing interest in different
areas of applied science due to the possibility of tuning
a magnetic property by applying an external voltage.
In this sense, ferroelectric/ferromagnetic heterostruc-
tures that combine large piezoelectricity and magne-
tostriction are particularly attractive due to potential
applications in electronic devices.

This investigation reports on the magnetic proper-
ties of different ferromagnetic films (Ni, FePt, Co,
permalloy) deposited by magnetron sputtering on top
of a polished ferroelectric crystal of lead magnesium
niobate-lead titanate (PMN-PT) substrates. These
structures were built with the goal of studying how
a controlled strain of the substrate affects the magne-
tic response of the ferromagnetic film.[1, 2]

The resulting samples were characterized, both
structurally and magnetically. The static magnetic
analysis was performed by different magnetometry
techniques and MFM images, the dynamic response
was achieved by ferromagnetic resonance experiments.

Strong changes of magnetic anisotropy were obser-
ved in Ni and FePt films, which may be correlated
with the large magnetostriction coefficient of these fe-
rromagnets.

[1] José M. Vargas and Javier Gómez. APL Materials 2,
106105 (2014).

[2] J. E. Gómez, J. M. Vargas, L. Avilés-Félix, and A.

Butera. Appl. Phys. Lett. 108, 242413 (2016).
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The interplay between domain wall stiffness, sample
disorder, temperature and external field make domain
walls in magnetic materials to be rough. Conversely,
roughness analysis of domain walls positions contains
information of the statics and dynamics of magnetiza-
tion reversal mechanisms. Combining polar magneto-
optical Kerr effect microscopy, numerical simulations,
and image analysis, we develop a method to quantify
the roughness of magnetic domain walls. From this
analysis both the roughness exponent, characterizing
power-law grow of fluctuations with the length scale,
and the amplitude of these fluctuations can be obtai-

ned. The method is used to study ferrimagnetic Gd-
FeCo thin films allowing to unveil new effects due to
the Dzyaloshinskii-Moriya interaction on domain wall
dynamics.
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In this work we evaluate the behavior of the
coercive field of permanent magnets based on the
NdCeFeCoB system elaborated by different rapid
solidification techniques. The samples were prepared
by two different techniques of rapid solidification:
twin roller melt-spinning (TR) and single-roller
melt-spinning with thermal treatment (SR + TT).
The processed compounds comprise the systems
(Nd0,8Ce0,2)2Fe12Co2B and (Nd0,8Ce0,2)2Fe12Co2B
+ 2,5 %wt(ZrC) using as variables the tangential
velocity of the rollers (10 and 16 m/s) and the
temperature of the thermal treatment (773-923
K). The other experimental conditions were kept
constant: composition, force between rollers (26.5N),
ejection overpressure (130 mmHg), liquid tempera-
ture (1723 K) and tangential SR velocity (25 m/s).
The microstructure is characterized by an X-ray
diffractometer (XRD) Bruker D8 Advance. Thermo-
gravimetric (TGA) and calorimetric (DSC) curves
were acquired with a 20 K/min ramp in a Netzsch
STA 409 calorimeter. Scanning Electron Microscopy
(SEM) images were taken with a JEOL microscope,
and the compositions were determined by EDS. Mag-
netic measurements were performed on a Quantum
Design VersaLab VSM with 3 T of maximum field
applied. We found that the tangential velocity that
optimizes the magnetic properties by TRMS is 16
m/s. The TRMS process allowed to obtain isotropic
magnets with a good overall performance and better
performance than that realized by SR + TT, with
a density of energy (BH)max ∼ 120 [kJ/m3]. The
analysis of the magnetic properties as a function of
temperature suggests a behavior in which reversal
of the polarization is governed by a mechanism of
passage and expansion of the activation volumes (glo-
bal model) and not by a coherent rotation system.
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5 Institut Néel, Centre National de la Recherche
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In a first part, we study an SU(n) generalization
of the quantum Heisenberg model in the geometri-
cally frustrated body-centered tretragonal (BCT) lat-
tice with antiferromagnetic interlayer coupling J1 and
intralayer first and second neighbor coupling J2 and
J3 [1]. Using a fermionic representation of the SU(n)
spin operators, we analyze the phase diagram charac-
terizing the ground state of the system. For large n,
spin-liquid (SL) solutions are stabilized, that break
the lattice translation symmetry [1, 2]. For interme-
diate values of n, we show how competition between
J1, J2, and J3 can tune the ground state from a mag-
netically ordered to a SL state. We then propose an
effective model to describe the Raman scattering ex-
periments in crystalline materials with BCT lattice
[3]. Our model takes into account different emerging
SL states, associated with different point group sym-
metries. We analyze the specific Raman signatures of
these SL states. We discuss the relevance of this scena-
rio for correlated systems with BCT crystal structure.
In particular, in the framework of recent Raman expe-
riments in the Hidden Order phase of URu2Si2, which
is a material with BCT lattice structure.

[1] C. Farias, C. Thomas, C. Pépin, et al., Phys. Rev. B
94, 134420 (2016)
[2] C. Pépin, M.R. Norman, S. Burdin, et al., Phys. Rev.
Lett. 106, 106601 (2011)

[3] C. Farias, S. Burdin, A. Ferraz, in preparation [based on

the results of C. Farias PhD thesis, manuscript available

on https ://tel.archives-ouvertes.fr/tel-01542292]
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The Kondo-lattice system CeTiGe displays a pro-
nounced first-order metamagnetic transition at a cri-
tical field µ0Hc = 12,5 Tesla [1]. The substitution of Ti
by Sc in CeTi1−xScxGe leads to a decrease of Hc(x).
Here we present results of magnetoresistance and mag-
netothermopower of CeTi0,95Sc0,05Ge across the me-
tamagnetic field µ0Hc = 9 T. Applied magnetic fields
up to 16 T result in a large magnetoresistance of more
than 60 % at low temperatures, T ∼ 4 K. Thermopo-
wer is also strongly affected by magnetic field, showing
at low temperatures a decrease in magnitude and a
sign change around 11 T. The temperature dependen-
ce of the magnetothermopower at increasing magnetic
fields mimics the one observed in many Ce-based sys-
tems measured at different decreasing pressures, i.e.
evolving towards an increasing 4f−state localization.
We discuss possible scenarios to describe these chan-
ges.

[1] M. Deppe et al., Phys. Rev. B 85, 060401 (2012).
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Nacional Autónoma de México, AP 14, Ensenada, B.C.,
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Co-Ni-Fe multilayers, intercalated with Cu inter-
mediate layers, thin films were grown by the met-
hod of DC Sputtering, from multiple (4) metallic tar-
gets (99.99 % purity, 5.1 cm diameter) under argon
atmosphere at base pressure of 4.5 × 10−4 mbar, on
substrates of SrTiO3 (100). The thickness of the thin
films was obtained with the technique of profilometry
on the surface. The parameters for optimal growth we-
re determined for each layer. The structural characte-
rization of the films was performed by X-ray diffrac-
tion (XRD), in order to determine the crystal struc-
ture, the presence of different phases; lattice parame-
ters were determined from a Rietveld refinement by
properly fitting the XRD experimental spectra. The
resistance as a function of magnetic field in ranging
from 20 to 300 K of several configurations, bilayers,
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trilayers and multilayers was investigated. An exter-
nal magnetic field as large as 1.2 Tesla was applied
perpendicular to the plane of the layers. We conclude
that the architecture of our samples have real poten-
tial applications in nanotechnology and sensors.

[1] C. Rizal, B. Moa and B. Niraula, Ferromagnetic Multi-
layers: Magnetoresistance, Magnetic Anisotropy, and Be-
yond, Magnetochemistry 2016, 2(2), 22

[2] L. Jogschies, D. Klaas, R. Kruppe, et al, Recent Deve-

lopments of Magnetoresistive Sensors for Industrial Appli-

cations, Sensors 2015,15(11), 28665
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In the last ten years, the Kitaev-Heisenberg mo-
del has attracted much attention since the work by
G. Jackeli and G. Khaliullin [1], where they showed
that Kitaev interactions are relevant in iridate mate-
rials. Experimental results in honeycomb iridates are
not consistent with a pure Kitaev model, and exchan-
ge couplings may play an important role in the low
temperature behaviour [2]. In this work, we present
a study of the Kitaev-Heisenberg model in the py-
rochlore and kagome lattices in the highly frustrated
regime. The competition between both interactions gi-
ves rise to a plethora of low temperatura phenomena,
including algebraic spin liquid phases, entropic state
selection and broken discrete symmetries phases.

[1] G. Jackeli and G. Khaliullin Phys. Rev. Lett. 102,
017205 (2009).

[2] X. Liu, et al., Phys. Rev. B 83, 220403 (2011); Y. Singh,

et al., Phys. Rev. Lett. 108, 127203 (2012).
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In this work, experiments of X-ray diffraction,
magnetic susceptibility, heat capacitance and Elec-
tron Spin Resonance (ESR) carried out in the
Gd1−xYxNi3Ga9 (0 ≤ x ≤ 0.90) compounds grown
through a Ga self flux method are reported. The X-
ray diffraction data indicate that these compounds
crystallize in a trigonal crystal structure with a space
group R32. This crystal structure is unaffected by Y-
substitution, which produces a monotonic decreasing
of the lattice parameters. For the x = 0 compound, an
antiferromagnetic phase transition is observed at TN

= 19.2 K, which is continuously suppressed as fun-
ction of the Y-doping and extrapolates to zero at x ≈
0.85. The ESR data taken in the temperature range 15
≤ T ≤ 300 K show a single Dysonian Gd3+ line with
a nearly temperature independent g-values. The line-
width follows a Korringa-like behavior as a function
of temperature for all samples. The Korringa rates
(b = ∆H/∆T ) are Y-concentration-dependent indica-
ting a bottleneck regime. For the most diluted sample
(x = 0.90), when it is believed that bottleneck effect
is minimized, we have calculated the q-dependent ef-
fective exchange interactions between Gd3+ local mo-

ments and the c-e of
〈
J2
f−ce(q)

〉1/2
= 18(2) meV and

Jf−ce(q = 0) = 90(10) meV.
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Monte Carlo simulations have been a tool of great
utility in the study of the properties of many body sys-
tems because of their high computational efficiency
and their capacity to obtain the temporal evolution
of complex systems, reproducing states in and out of
the equilibrium. In this work, we show some general
aspects of the 2D Ising model with and without an
external and constant magnetic field and its nume-
rical solution in the ferromagnetic regimen. For the
study of the statistical properties of the system, we
use three Monte Carlo algorithms: Metropolis, Wolff
and Wang-Landau; we show the generalities of tho-
se algorithms, we compare them and highlight their
main differences, we characterize the single site and
cluster algorithms, we show their computational im-
plications as well as their advantages and disadvan-
tages solving the model and we obtain the following
observables as a function of the temperature: energy,
magnetization, specific heat, magnetic susceptibility,
binder cumulant and the density of states. Ultimately,
we highlight how easy it is to parallelize this type of
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algorithms, using two different ways to do it: on one
hand, OpenMP with shared memory and on the ot-
her hand, using HTCondor with distributed memory.
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Interest in zinc ferrite, ZnFe2O4 (ZFO), has con-
tinued unabated over the past three decades due to
the fact that the ground state nature of its magne-
tism has not been understood. ZFO crystal belongs
to normal spinel structure, where the Fe sites form
a corner-sharing tetrahedral lattice. This atomic con-
figuration is the same as that of various pyrochlores
and C15 intermetallic Laves phase systems which are
well known in terms of three-dimensional geometrical
frustration.

It is thought that ZFO is antiferromagnetic with
a Neel temperature (TN ) around 10.5 K but studies
on single crystal using neutron scattering demonstra-
ted that the long-range magnetic order is not attained
even at a very low temperature of 1.5 K or so [1-3].
Magnetic susceptibility curves are characterized by a
well defined cusp-like around 13 K, similar to the ex-
pected one for antiferromagnetic systems, but the re-
ciprocal susceptibility in the high-temperature region
is not linear. Additionally, the Curie-Weiss tempera-
ture (θCW ) estimated from the inverse susceptibility
is positive and as high as 120 K [2].These facts indu-
ce some researches to affirm that ferromagnetic spin
correlation dominates at high temperatures and that
normal spinel ZFO crystal is not an antiferromagnet
but an intrinsically spin-frustrated magnet.

In this work, we present a study of the magnetic
properties of the ZFO system by Montecarlo Metropo-
lis simulations using as input the calculated ab initio
exchange coupling constants. The influence of first to
fifth nearest neighbors exchange interactions (J1, J2
and J3, J4 and J5 respectively) in TN and in the high
temperature regime of the magnetic susceptibility cur-
ves is explored. The results are compared with expe-
rimental results reported in the literature.

[1] Kamazawa, K.; Tsunoda, Y.; Kadowaki, H.; Kohn, K.,
Phys. Rev. B 2003, 68, 024412 and references there in.
[2] Yamada, Y.; Kamazawa, K.: Tsunoda, Y. , Phys. Rev.
B 2002, 66, 064401.

[3] Usa, T.; Kamazawa, K.; Sekiya, H.; Nakamura, S.; Tsu-

noda, Y.; Kohn, K.; and Tanaka, M, J. Phys. Soc. Jpn.

2004, 73, 2834.
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One of the limiting factors in spintronic devices is
the damping coefficient (α) of the ferromagnetic ma-
terial. In the special case of ferromagnetic/non mag-
netic bilayers (FM/NM), designed for the generation
and detection of spin currents, a very low damping
coefficient is always desired. In this way it is possible
to maximize the voltage signal at the ends of the non
magnetic metal due to the Inverse Spin Hall Effect (IS-
HE). In this work we present an experimental study
of the static and dynamic properties of the ferromag-
netic alloy FezCo1−z (FeCo) for different values of z
close to z = 0,75. For this purpose we have fabrica-
ted, using dc magnetron sputtering at room tempera-
ture, two series of bilayers on single crystal Si subs-
trates of the following structure: Si/FeCo(x)/Pt(y) y
Si/FeCo(x)/Ta(y), with x =3, 5, 7, 9 nm and y =4 nm.
Samples have been structurally and magnetically cha-
racterized using X-ray diffraction, photoelectron spec-
troscopy, fluorescence, dc magnetization (VSM and
Kerr), magnetic force microscopy and ferromagnetic
resonance (FMR) in X, K, Q and W bands (9.5, 24,
35 and 94 GHz). From the experimental data we ha-
ve determined that there is a dependence between the
effective anisotropy of the FeCo films with its thick-
ness dFeCo, arising probably from the presence of an
interfacial anisotropy that tends to align the magne-
tization perpendicular to the film plane, as deduced
from the 1/dFeCo dependence. We have also observed
that the surface anisotropy is almost twice as large in
the case of FeCo/Pt than in FeCo/Ta, which is expec-
ted because Pt is often used to induce a perpendicular
anisotropy in multilayers. From FMR measurements
at different frequencies we have estimated the dam-
ping coefficient. In FeCo/Ta bilayers we have found
values of α 5× 10−3, which are relatively low for fe-
rromagnetic conductors. Even lower values have been
observed in films deposited at higher temperatures.
In FeCo/Pt bilayers the values of α are considerably
larger, which indicate the presence of an additional re-
laxation mechanism through the interface due to the
high value of the spin Hall angle of Pt.
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The development of spintronic devices based on oxi-
de structures has attracted a great attention in the
last ten years. Lately, advances in deposition tech-
niques allowed the fabrication of artificial multifun-
ctional materials like multiferroics with flat interfa-
ces and excellent crystalline quality, taking advantage
on new phenomena arisen at oxide interfaces. Epita-
xial multilayers have been succesfully grown on single-
crystalline substrates like STO, LAO and NGO [1].
There are still many challenges to overcome, in par-
ticular a major one regards the integration of mag-
netoelectronics devices to traditional electronics. No-
wadays, there is a strong effort focused on innovative
strategies devoted to epitaxial growth of oxides onto
silicon substrates [2]. Many obstacles shoud be over-
comed, i.e. high reactivity of oxide-silicon interfaces,
large different of thermal expansion coefficients and
important lattice mismatch at oxide/Si interfaces. We
aim through this work to search the optimal condi-
tions for the epitaxial growth of oxide structures onto
silicon substrates. To achieve this goal, we probe diffe-
rent buffers and growth conditions. LSMO thin films
and other structures have been succesfully grown by
pulsed laser deposition on Si(100) using CeO2/YSZ
underlayers structures. The quality of the films has
been studied by structural and magnetic measure-
ments. X-ray diffraction and in-situ RHEED patterns
revealed the epitaxial character of the films while ato-
mic force microscopy put in evidence the flat surfaces
of the samples. Magnetic analysis, on the other hand,
revealed excellent properties regarding the ordering
temperature and magnetization of the structures. In
our communication, we will present our latest results
regarding the fabrication and properties of new mul-
tiferroic materials integrated to silicon substrates

[1]P Perna, et al, J. Phys.: Condens. Matter 21 (2009)
306005

[2]Bergenti I, et al, J. Magn. Magn. Mater. 312 (2007 )
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A comparative study between the bulk and sur-
face magnetization is presented for Fe70Nb10B20,
(Fe50Co50)75Si5B20, and Co70Nb10B20. This study
was carried out using a vibrating sample magnetome-
ter (VSM-VersaLab by Quantum Design) and a surfa-
ce magneto-optic Kerr effect (SMOKE) magnetome-
ter. This homemade SMOKE magnetometer is based
on an electromagnet and Helmholtz coils, which have
a common collinear axis. The magnetic fields of the
electromagnet (up to 1 kOe) and Helmholtz coils (up
to 80 Oe) are generated in opposite directions such
that the magnetic field of each subtracts to the mag-
netic field of the other. In this way, the remanence field
associated to electromagnet is minimized to a field of
down to 1.5 Oe and thus this magnetometer allowed
us to study soft magnetic materials. The functioning
of this magnetometer was verified measuring the sur-
face magnetization on a standard sample of nickel at
room temperature. Data were obtained for consecu-
tive H-steps, stabilizing H before each reading. The
field was swept at a step of approximately 2 Oe. Par-
ticular attention has been given to determination of
several magnetic fields of each sample, including the
coercive magnetic fields at volume and near-surface
HVCF(x) and HSCF(x), respectively. The values of
previous fields determined by using a volume sen-
sitive vibrating sample magnetometer clearly differ
from those corresponding at surface determined by
longitudinal magneto-optical Kerr effect (SMOKE).
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Nowadays different technologies allow to grow mag-
netic nanoscopic systems with controlled shapes [1].
Cylindrical particles ranging from flat disks to very
long wires are of particular interest due to their va-
riety of properties [2]. Micromagnetic simulations lead
to study the influence of different shapes and materials
thus improving the design of systems and devices. In
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the present contribution we consider the properties
of modulated permalloy nanowires. The modulation
consists of a wider sector (like a disk) of height h and
radius r grown along a nanowire of length L >> h
and radius R. Geometry is varied along two main li-
nes r v/s R and the position of the disk going from
the center (z = L/2) to the end of the wire (z = L).
The coexistence of several of such modulations along
the nanowire is also considered. We report hysteresis
curves and coercive fields. Recommendations for soft
and hard particles are obtained.

[1] H. Masuda, K. Fukuda, Science, 268, 1466 (1995).

[2] J. Escrig, R. Lavin, J. L. Palma, J. C. Denardin, D.

Altbir, A. Cortés, H. Gómez,

Nanotechnology 19, 075713 (2008).
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The concept of geometrical frustration was origi-
nally introduced for spin systems with antiferromag-
netic coupling. Depending on the lattice geometry,
nearest neighbors have opposite effects on a given
spin, so that long-range order is frustrated, giving ri-
se to a spin liquid ground-sate. The prototype sys-
tem is the two-dimensional triangular lattice, but of
major interest is also the Kagomé lattice, and three-
dimensional examples are found in pyrochlore struc-
tures. If charge degrees of freedom are not strongly
suppressed, we enter the field of strongly correlated
electrons with the additional ingredient of geometri-
cal frustration. Since intersite spin correlations are
specially in focus, the possibility of using the para-
digmatic Dynamical Mean Field Theory (DMFT) is
compromised. One possibility is to develop cluster so-
lutions, as a starting point to either cluster-DMFT
or some kind of connected-cluster approximation. In
this context, we study the extended Hubbard model,
with local (U) and nearest-neighbor (V) interactions,
starting from exact diagonalization on clusters. We
initially choose a triangular cluster, focusing on the
half-filled case, both with a strictly fixed number of
particles, and with an average occupation number de-
fined by adjusting the chemical potential. The ther-
modynamics involves only energy exchange with a re-
servoir in the first case, but include particle exchan-
ge in the second. We also solve a linear three-site
cluster for comparison. We evaluate various quanti-
ties as functions of temperature, varying U and V,
which are competing interactions when both are repul-
sive. We highlight our results for the electronic specific
heat, which shows a two-peak structure very similar

to results of lattice calculations. Furthermore, its low-
temperature spin-fluctuation peak has remarkably dif-
ferent heights between the triangular and linear geo-
metries, which we interpret as a signature of geome-
trical frustration. A six-site cluster composed of two
connected triangles, and a tiling of the Kagomé lat-
tice with clusters of this kind are also discussed.

P-310 PWQ-III-13

Faster modified protocol for First Order
Reversal Curve measurements.
De Biasi E.1
1 Instituto Balseiro - Universidad Nacional de Cuyo

E-mail: debiasi@cab.cnea.gov.ar

In this work we present a faster modified protocol
for first order reversal curve (FORC) measurements.
The main idea of this procedure is to use the informa-
tion of the ascending and descending branches cons-
tructed through successive sweeps of magnetic field.
The new method reduces the number of field sweeps
to almost one half as compared to the traditional met-
hod. The length of each branch is reduced faster than
in the usual FORC protocol. The new method implies
not only a new measurement protocol but also a new
recipe for the previous treatment of the data. After of
these pre-processing, the FORC diagram can be ob-
tained by the conventional methods. In the present
work we show that the new FORC procedure leads to
results identical to the conventional method if the sys-
tem under study follows the Stoner-Wohlfarth model
with interactions that do not depend of the magnetic
state (up or down) of the entities, as in the Preisach
model. More specifically, if the coercive and interac-
tions fields are not correlated, and the hysteresis loops
have a square shape. Some numerical examples show
the comparison between the usual FORC procedure
and the propose one. We also discuss that it is possi-
ble to find some differences in the case of real systems,
due to the magnetic interactions. There is no reason
to prefer one FORC method over the other from the
point of view of the information to be obtained. On the
contrary, the use of both methods could open doors
for a more accurate and deep analysis.
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Micromagnetic simulations of Fe1−xGax thin films
were performed in order to get a better understanding
of the magnetic behavior experimentally observed.
The system was simulated using the OOMMF (Ob-
jet Oriented Micromagnetic Framework) code, which
is based on the magnetic structure equilibrium achie-
ved through the resolution of the Landau-Lifshitz-
Gilbert equation. The mesh was smaller than the ty-
pical correlation length for the material under stu-
died. Periodic boundary conditions were used in or-
der to avoid border effects. The results of the simu-
lations are compared with the measurements of hys-
teresis curves and with the stripe pattern observed
with magnetic force microscope (MFM). The simula-
ted hysteresis curves follow the same behavior as the
experimental ones, and the stripe periodicity obtained
from the calculations is similar to the one observed by
MFM. That indicates the good performance of the si-
mulations and also that the fitting magnetic parame-
ters are in accordance with the parameters of the real
system. Finally, finite element calculations were per-
formed for the calculation resistivity. The good agree-
ment with the experimental results confirms the linear
behavior of the transport following the Ohm’s Law.
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In recent years the investments directed to speci-
fic class of M−type barium hexaferrites (BaM), in-
tensified, since they are expected to solve problems,
such as: high magnetic saturation combined with a low
coercive field and can operate at high frequencies. This
kind of material recently has also become the focus of
nanotechnological applications such as wireless devi-
ces (GHz), microwave absorption materials (RAM),
biosensor devices and others. The BaM, are materials
that have Curie temperature and magnetic properties
slightly lower as compared to M−type strontium he-
xaferrites (SrM) both with crystalline structure cha-
racterized by the space group P63/mmc, and its unit
cell is formed by blocks S and R, with an overlap of
cubed and hexagonal packed layers. The basal plane
containing the barium atom is a mirror plane, and
the two S blocks above and below the R block are
therefore 180o rotations around the c-axis of each ot-
her. To continue the structure a mirrored block of R,
the R∗ is required, and it is for this reason that the
unit cell requires two molecular units M, giving the
formula of the cell unit SRS∗R∗, where (∗) means

the rotation of the block in around axis c by 180o.
With the intention of altering the particle size, crys-
tallography, and consequently the magnetic proper-
ties of the materials, several synthetic techniques are
used, among them: hydrothermal proces, chemical co-
precipitation method, sol−gel, sol−gel autocombus-
tion method, planetary ball mill, solid state reaction,
among others. In order to obtain a lower cost for
the production of hexaferrite, since the syntheses of
this material usually employ high cost or environmen-
tally hazardous reagents, the route used in this work
is the proteic sol−gel, which consists of using water
of coconut as reagent. In this work, it will be shown:
X−ray diffraction (XRD) of BaM hexaferrite, Rietveld
refinement, Raman spectroscopy and infrared Fou-
rier transform (FT−IR) spectroscopy, thus confirming
the single phase formation of the study material.
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The study of dynamical assemblies of magnetic mi-
crometric particles are drawing in increasing conside-
ration in the scientific community, in part due to their
potential applications in biomedicine, microfluids sti-
rring and target cargo delivery. The different mecha-
nisms that dictate their dynamics have been widely
analyzed in the literature in the past. In particular,
time-dependent magnetic fields have been utilized to
assemble magnetic non active material in an assort-
ment of structures and to move microscopic matter in
a liquid medium in motile structures. These protocols
may fulfill the rising interest for the design of artificial
externally controlled structures.

In this work we address a system of Nickel-
composite particles (80 micrometer in diameter), clo-
se to the lower planar surface of a cylindrical con-
tainer filled with water, interacting through hydrody-
namic coupling with the plate. By applying an ellip-
tically polarized rotating magnetic field, and chan-
ging the polarization plane, we find a way to ma-
nipulate and propel self-organized microscopic par-
ticles forming linear or chain structures, assembled
or disassembled at will, rotated or transported in
any horizontal direction via magnetic control, and
performing trajectories that can be easily contro-
lled. We also focus on the propulsion of single par-
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ticles and of self assembled particle doublets (dim-
mers) in the low Reynolds number regime. We find
that, above a crossover magnetic field, magnetically
assembled doublets move faster than single particles.
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In this work we address the interplay between
two phenomena which are signatures of the out-
of-equilibrium state in phase separated (PS) man-
ganites: irreversibility against thermal cycling and
aging/rejuvenation process. The sample investigated
is La0,5Ca0,5MnO3, a prototypical manganite exhi-
biting phase separation. Two regimes for isothermal
relaxation were observed according to the tempera-
ture range: for T > 100 K, aging/rejuvenation ef-
fects are observed, while for T < 100 K an irre-
versible aging was found. Our results show that
thermal cycles act as a tool to unveil the dyna-
mical behavior of the PS state in manganites, re-
veling the close interplay between static and dy-
namic properties of phase separated manganites.
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In this work we study the dynamics of elemen-
tary monopole-like excitations in a square array of
nanomagnets, as function of the temperature and
the magnetic properties of the individual compo-
nents of the array. Our results show that the cri-
tical temperature of the phase transition strongly
depends on the energy barrier for the reversion of
the nanomagnets and on their magnetic moment.
This study confirms the presence of two forms of
elementary excitations (light and heavy monopoles)

and its influence on the critical temperature of pha-
se change. Furthermore, we found propagation of
light monopoles driven by temperature gradients.
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The design and fabrication of multiferroics (MF)
is one of the main challenges for the development of
oxide spintronics. Tuning the magnetic state of na-
nostructures by electric field or strains appears to be
the key for low-energy devices. Magneto-electric and
magneto-elastic coupling at interfaces between ferro-
magnetic (FM) and ferroelectric (FE) layers are at the
origin of these phenomena [1]. The magnetic order and
anisotropy of the FM component can be affected by
the strains induced by the FM/FE lattice mismatch
while charge transfer between both compounds can
depend on the ferroelectric polarization of the struc-
ture. A variety of FM and FE have been combined
into artificial MF, being the magnetic compounds ge-
nerally oxides or transition metal alloys. In particular,
FePt/BaTiO3 seems to be a very promising system.
First-principle calculations revealed recently that im-
portant changes of magnetic anisotropy should be ob-
served on the FePt overlayer when BaTiO3(BTO) is
poled[2]. Moreover, BTO piezoelectric and FePt mag-
netostrictive properties make FePt/BTO heterostruc-
ture a highly tunable multiferoic by magnetic and elec-
tric fields.The measurements of the lattice symmetry
and size of both, the FE and FM components of the
FePt/BTO multilayer, in correlation to magnetic pro-
perties studies served us to get a deep insight into the
magneto-elastic coupling mechanisms in this system.
To achieve our goal, we grew a series of FePt/BTO
films, with tFePt varying from 10nm to 60nm, by sput-
tering on SrTiO3 substrates. The quality of the films
was probed by TEM and AFM measurements. The
magnetic characterization of the samples was done
by magnetization vs. field and temperature measu-
rements together with magnetic force microscopy.The
crystalline structure of the constituents was investiga-
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ted by XRD patterns measured in different geometries
and temperatures. These experiments were performed
at the LNLS, Campinas Brazil. The analysis of both
aspects of the system allow us to better understand
the properties of this artificial structure.

[1] C. A. Vaz, J. Phys: Condens. Matter, 24, 333201(2012)

[2] M. Lee et al, J. Appl. Phys., 113, 17C729 (2013)
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The optimization and the diminution of the size of
the devices is of current interest in the electronic in-
dustry. Today, an option for reaching smaller sizes in
nanodevices could be to control the magnetism by al-
ternative methods than using magnetic fields. One of
these possibilities is to make use of the magnetoelas-
tic coupling in magnetostrictive systems, i.e., to hand-
le the magnetic properties by mechanical deformation
[1]. One of the materials with largest magnetoelastic
coupling is the iron-gallium alloy Fe1−xGax (Galfe-
nol) [2]. Up to now, most of the research was devoted
to study the Fe1−xGax in bulk form [3]. However, in
order to be integrated in nanodevices it is important
to study Fe1−xGax when it is grown as thin films. Due
to the fact that the magnetic behavior of a material is
intimately related to its structural properties, it is im-
portant to perform a detailed crystallographic study.
In this work several series of Fe1−xGax thin films we-
re fabricated by the sputtering technique, by varying
the substrate type (glass, Si, MgO). The determina-
tion of concentration (EDS, RBS), structure (XRD,
SEM, AFM) and crystallographic texture was perfor-
med, in addition to magnetic measurements (VSM,
SQUID, FMR). A strong correlation between the tex-
ture of the material and its magnetic anisotropies is
obtained. These are important results thinking in a
controlled manipulation of the magnetic properties of

Fe1−xGax alloys in future electronic devices.

[1] J. Lou, M. Liu, D. Reed, Y. H. Ren, and N. X. Sun,
Adv. Mater. 21 (2009) 4711.
[2] A. Clark, J. Restorff, M. Wun-Fogle, T. Lograsso, and
D. Schlagel, IEEE Trans. Magn. 36 (2000) 3238.

[3] M. Eddrief, Y. Zheng, S. Hidki, B. R. Salles, J. Milano,

V. H. Etgens, and M. Marangolo, Phys. Rev.B 84 (2011)

161410.
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In this work, structural, magnetic and local pro-
perties of GdIn(NixCu1−x )4 (0.00≤x≤1.00) samples
synthesized via flux method are investigated by means
of X-ray, magnetization, heat capacitance and electron
spin resonance measurements. The analysis of X-ray
powder diffraction data taken at room temperature
reveals that all samples belong to cubic space group
(Cl5b-type structure) with lattice parameters ranging
from 7.08 to 7.23 Å. Interestingly, the analysis of both
T-dependence of magnetic susceptibility and MvsH
loops indicates a gradual transition from antiferro-
magnetic to ferromagnetic ground states as function
the Ni-doping. The transition temperatures are con-
firmed via heat capacitance measurements. Finally,
electron spin resonance data taken in the tempera-
ture range of 100≤T≤300 K shows a single resonance
of Dysonian with a nearly temperature g-independent
and a linear thermal broadening of the linewidth fo-
llowing a Korringa-like behavior for all samples. Such
observation is an indicative of an metallic environment
Gd3+ ions. Besides, the doped samples show an increa-
sing of the residual linewidth which can be linked with
can be linked with the chemical disorder introduced
by the Ni-doping.
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We study metallic strips in the presence of spin-
orbit coupling at zero temperature. We focus on fi-
nite strips with Rashba spin-orbit coupling (RSOC)
[1]. We study the Rashba helical currents (RHC) (i.e.
spin-up and spin-down charge electron currents that
flow in opposite directions) and the spin accumulation
for the noninteracting case in rings and in open strips,
with and without external electromagnetic sources.
We determine the distribution across the strip sec-
tion of the RHC, as a function of the RSOC strength,
strip width and electron filling. We then focus on
strips with RSOC and on-site Hubbard repulsion U.
We show that these RHC remain in the presence of U
at quarter filling, where the system remains metallic,
and even at half-filling where a Mott-Hubbard metal-
insulator transition occurs for large Hubbard repul-
sion. We use a variety of numerical methods, inclu-
ding exact diagonalization, variational Monte Carlo,
and the time-dependent Density Matrix Renormali-
zation Group method for the interacting case.

[1] I. J. Hamad, C. J. Gazza and J. A. Riera. Phys. Rev.

B 93, 205113 (2016).
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The physics of half-metallic systems has become
very attractive in view of the potential spintronic ap-
plications. The Sr2FeMoO6 is a half-metallic ferro-
magnetic double perovskite with high Curie tempe-

rature (420 K). In this compound, we replace di-
valent Sr2+ by trivalent La3+ ions to observe the
Curie temperature behavior. We present an elec-
tronic approach using the Green function technique
and the renormalization perturbation expansion met-
hod. This approach is based on a correlated elec-
tron picture with localized Fe-spins and conduc-
tion Mo-electrons interacting with the local spins
via a double-exchange-type mechanism. Our results
show that the Curie temperature in Sr2−yLayFeMoO6

(0 ≤ y ≤ 1) system increases with La-doping.
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Silicene is a two-dimensional low-buckled honey-
comb lattice forming of silicon atoms. In recent years,
silicene have received considerable attention in view of
their attractive electronic and thermo-electronic pro-
perties (graphene-like) that promise potential applica-
tions for spintronic nano-devices. Silicene has a large
intrinsic spin-orbit interaction and a buckled struc-
ture involving valley and spin manipulation (valley-
spintronics). In this work, we have theoretically in-
vestigated the ballistic electronic transport and the
thermoelectric effect of a periodic-potential structu-
re in the monolayer silicene. The electronic trans-
port properties like transmission (T ) and conduc-
tance (G) are calculated by using the transfer ma-
trix method. Also, we have studied the thermoelec-
tric effect in this silicene structure by calculating
the Seebeck coefficient (S) and the thermopower fac-
tor, and their dependence for the spin-valley chan-
nels (σ, η). In our results, we have found that the
electronic transport and the thermoelectric proper-
ties can be modulated by the strength potential and
the number of barriers of the superlattice structure.
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After more than a decade of extensive research on
the magnetic order triggered by lattice defects in a wi-
de range of nominally non-magnetic materials [1], we
report its application in a spintronic device. The devi-
ce presented in this work is based on a spin-filter phe-
nomenon we have discovered at the interfaces between
defect-induced magnetic regions, produced at the sur-
face of a Li-doped ZnO microwire by low-energy pro-
ton implantation [2], and non-magnetic regions. Giant
positive magnetoresistance larger than 500 % is obser-
ved at 300 K and magnetic fields ∼ 100 Oe. The ef-
fect scales with the number of interfaces introduced
along the wire and depends on the implantation dose.
By modeling the transport through the magnetic/non-
magnetic interfaces, the magnetic exchange coupling
strength between localized magnetic defects is calcu-
lated and compared to coupling strengths of ferromag-
netic materials found in the literature.

[1] P. Esquinazi et al., IEEE Transactions on Magnetics

49, 4668 (2013).

[2] I. Lorite et al., Applied Physics Letters 106, 082406

(2015).
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We explored exchange-biased samples as radio fre-
quency rectifiers able to work without external ap-
plied magnetic field. Our device is based on spin rec-
tification effects [1] and inverse spin Hall effect [2],
which generates a direct voltage from ferromagnetic
resonance. Spin rectification effect is occasioned by a
non linear coupling between a dynamic electric current
and a dynamic electrical resistance induced by a mi-
crowave magnetic field via anisotropic magnetoresis-
tance and anomalous Hall effect. Inverse spin Hall ef-
fect is the conversion spin current into charge current.
Samples of nominal composition Ta (15 nm)/Ni81Fe19

(tNiFe)/Fe50Mn50 (20 nm)/Ta (15 nm), with tNiFe =
20 nm, 40 nm and 80 nm were deposited on 4×13 mm2

glass substrates via magnetron sputtering at room
temperature. Interfacial coupling between FeMn and
NiFe generates the exchange bias effect [3]. Thus is
possible to obtain direct voltage at zero magnetic field
for several frequencies. The films were constructed in
order to explore maximum absorption in commercial
frequencies, such as WiFi and GSM. Connecting the
films to a load, we estimated the fraction of the in-
cident radio frequency power converted in usable dc
power.

[1] H.J. Juretschke, J. Appl. Phys. 31, 1401 (1960).
[2] A. Hoffmann, IEEE Trans. Magn. 49, 5172 (2013).

[3] W. H. Meiklejohn and C. P. Bean, Phys. Rev. 102, 1413

(1956).
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Materials presenting high spin-orbit coupling are
able to convert spin currents into charge currents.
The phenomenon, known as inverse spin Hall effect
(ISHE) [1], promises to revolutionize spintronic tech-
nology, enabling the electrical detection of spin cu-
rrents. It has been observed in a variety of systems,
usually non-magnetic metals, but also in antiferro-
magnetic (AF) materials. In order to generate spin
currents, spin pumping is widely used. It occurs when
a ferromagnet (FM) in contact with a metal is put
in ferromagnetic resonance (FMR), and magnetiza-
tion precession injects spins into the adjacent layer. If
the metal is an AF, the interfacial magnetic exchange
coupling may originate the exchange bias effect (EB)
[2]. It has several manifestations, being the shift of
the magnetization curve along the magnetic field axis
one of the most known. Using a shorted microstrip
line technique, spin rectification [3] and inverse spin
Hall effects in exchange biased Ta (15 nm)/NiFe(20
nm)/FeMn (20 nm)/Ta (15 nm) thin films were stu-
died. The direct voltage emerging in these samples
near FMR was measured using a nanovoltmeter. Mea-
sured signals are related to both inverse ISHE and
spin rectication effects, and two distinct protocols we-
re employed to separate their contributions. Our re-
sults suggests that the curve shift due to EB may
enable high frequency applications without an exter-
nal applied magnetic field.

[1] A. Hoffmann, IEEE Trans. Magn. 49, 5172 (2013).
[2] W. H. Meiklejohn and C. P. Bean, Phys. Rev. 102, 1413
(1956); ibid. 105, 904 (1957).

[3] H.J. Juretschke, J. Appl. Phys. 31, 1401 (1960).
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Spin transfer oscillations (STOs)[1] are promising
for microwave applications due to their wide frequency
tunning range vs. current, fast modulation rates and
compatibility with nanoelectronics. Nevertheless, one
of the main issues for these STOs is their relative large
linewidth, which can be reduced by phase-locking se-
veral oscillators together. To this aim, we studied the
synchronization of an STO to a microwave signal for
standard in- plane magnetized oscillators, for which
an in-plane precession (IPP) mode is stabilized. The
injection locking of this IPP mode to an external mi-
crowave current was demonstrated by experiments to
occur at two times the generated frequency (2f) [2].
However, the linewidth in the locked regime was re-
duced only by a factor of ten, while a reduction to
the linewidth of the source was expected. This raises
the question on the role of noise on the phase-locking,
which leads us to investigate the phase noise and the
transient behavior to the locked state for 2f synchro-
nization. The numerical analysis of the phase noise
in the synchronized state predicts a crossover from a
1/f2 (random walk) dependence to a 1/f0(white noi-
se)for phase locking upon increasing microwave cu-
rrent. Experimentally we found for MTJ nanopillars
that while a complete synchronization is achieved in
the frequency, the system is not in a truly phase loc-
ked regime. In order to understand the effects of ther-
mal fluctuations in the synchronized state, we derived
from the KTS model[3] an analytical expression for
the transient state for the IPP mode. It was found
that at 2f the phase approaches its locked state ex-
ponentially and oscillating above a critical microwave
current. The correlation between the transient beha-
vior and the phase noise will be discussed.

[1] J. C. Slonzewski, J. Magn. Magn. Mater. 159 L1 (1996)
[2] Quinsat et al., App. Phys. Lett 97, 182507 (2010)

[3] A. Slavin and V. Tiberkevich, IEEE Transactions in

Magnetics, Vol. 45, NO. 4 (2009)
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In ferromagnetic oxide double perovskite, the cha-
llenge is to obtain higher Curie temperature (TC). Ex-
perimental results have been showed that increasing
the number of conduction electrons in Sr2FeMoO6 by
a substitution of divalent Sr2+ by a trivalent La3+ the
higher TC is obtained. Withing a first principle calcu-
lations we study the effects of disorder in the electronic
and magnetic properties of double perovskite. In par-
ticular, we analyzed the Sry−2LayFeMoO6 with 25 %
and 12.5 % of disorder. Our calculations were made
into the framework of Generalized Gradient Approxi-
mation with a Hubbard correction on Fe 3d and Mo 4d
orbitals. Theoretical ground state calculations show a
decrease in the total magnetic moment and with 25 %
of disorder the Mo anti-sites changes its local magne-
tic moment allowing the electronic transport of charge
carriers on Fe spin-up channels with y > 0,25.
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Semiconductor spintronic devices necessitate fe-
rromagnetic behavior at or above room tempera-
ture. In this contribution, we report a manganese-
reconstructed gallium nitride surface structure, na-
mely MnGaN, which is atomically thin and dis-
plays ferromagnetic domains at room temperature.
These findings are supported by first-principles cal-
culations which reveal highly spin-polarized surfa-
ce states, arising from a long range ferromagnetic
coupling among the Mn atoms. In order to provide
insight on the nature of the involved magnetic inter-
actions, we perform bulk studies including substitu-
tional Mn impurities with different doping concen-
tration. We find that the non-magnetic GaN subs-
trate seems to affect the surface magnetic interac-
tions, involving the Mn nearest neighbor atoms in
the magnetic coupling. This MnGaN surface struc-
ture is a thin ferromagnetic material system which
has the potential to be used in future spin-based se-
miconductor devices working at room temperature.
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The exploration of new emergent phenomena and
exotic matter states is an active area in condensed
matter physics. These studies require samples of very
high quality, which involves characterizing and con-
trolling properties at microscopic scales maintaining
homogeneity macroscopically. In this work, we studied
thickness effects in the properties of β-FeSe grown by
sputtering.

We report a superconductor-insulator transition by
reducing the thickness, for films in different types of
substrates and in a wide range of growth temperatu-
re. In the literature, there are similar reports in epi-
taxial films of β-FeSe, which have been interpreted in
terms of a possible continuous quantum phase transi-
tion induced by disorder [1, 2]. In our samples, as the
thickness decreases the evolution of the structural and
magnetic properties is not trivial, implying that the
scheme of induction of disorder is inappropriate.

The non-superconducting and insulating samples
growth by sputtering present an epitaxial nature. The
tetragonal structure and the magnetic order present
in this samples suggest the possibility that these films
are of the β-Fe4Se5 phase [3], recently proposed as the
non-superconducting parent of FeSe.

[1] R. Schneider, A. Zaitsev, D. Fuchs et al.; Phys. Rev.
Lett. 108, 257003 (2012)
[2] R. Schneider, A. Zaitsev, D. Fuchs, et al.;
Lett.Supercond. Sci. Technol. 26, 055014 (2013)

[3] T. K. Chen, C. Chang, H. Chang et al.; PNAS 111, 63

(2014)
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Bulk FeRh is an unusual alloy as it undergoes an
infrequent transition from an antiferromagnetic (AF)
to a ferromagnetic (F) state upon heating from room
temperature (RT) to above TAF−F ≈ 330-370 K wit-
houth developing structural changes. It is a first order
transition that exhibits thermal hysteresis of about
10 K. FeRh is not the only compound that shows this
behaviour but it is unique in that TAF−F is signifi-
cantly above RT. This fact makes of FeRh a very in-
teresting material for technological applications (such
as thermally assisted magnetic recording), especially
in the form of thin films.

Here we report X-ray diffraction (XRD), ferromag-
netic resonance (FMR), and dc magnetization results
obtained on a set of 100 nm-FeRh films deposited on
MgO (100), MgO (111)and Al2O3(0001) substrates.
After deposit, most of our samples were annealed at
700◦ C in order to induce the chemical order of Fe
and Rh atoms, the elimination of residual (paramag-
netic) γ phase, and the promotion of the AF-F tran-
sition. XRD data indicate that the films deposited
on MgO (100), Mgo (111) and Al2O3(0001) develop
strong [001], [011] and [111] textures, respectively. The
magnetic characterization consists on dc magnetiza-
tion curves and ferromagnetic resonance (FMR) expe-
riments. FMR is a powerful technique that is particu-
larly sensible to specific properties of the films such as
shape, magnetocrystalline, and tension-induced aniso-
tropies, becoming a unique tool to trace structural and
magnetic transitions. A joint analysis of the measured
microstructural and magnetic properties suggests that
by using different substrates the in-plane strain can be
changed from compressive (MgO(100)) to tensile (c-
Al2O3), which is a relevant piece of information for
direct applications of FeRh films. Moreover, we found
that the observed characteristics of strain nicely re-
flect on the magnetic properties of the films, and more
especifically on the magnetoelastic anisotropy deter-
mined by FMR measurements.
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Grazing incidence fast atom diffraction (GIFAD) is
an extraordinarily sensitive phenomenon. It was first
reported in 2007 [1, 2] and has since become a powerful
surface analysis technique as well as a most useful tool
for testing potential energy surfaces (PESs).

In this work we theoretically address GIFAD for
light atoms on insulating alkali-halide surfaces. Our
model combines a description of the projectile-surface
interaction by means of a three-dimensional PES,
built from high-precision density functional theory
(DFT) calculations; with a semiquantum treatment of
the elastic scattering process within the surface initial-
value representation (SIVR) [3].

The focus of our discussion will be on features of the
projectile-surface interaction that result in visible ef-
fects on the GIFAD pattern. These features include i)
the increased corrugation when van der Waals (vdW)
interactions are taken into account, which significantly
alter the intensity profiles for incidence along the 〈100〉
channel and low enough normal projectile energy and
ii) the double-well structure observed for incidence
along the 〈110〉 direction, which introduces an extra
form-factor to the intensity distribution, due to intra-
channel Young-type interference. We will present re-
sults for He/KCl(001), H/LiF(001) and H/KCl(001),
and establish a comparison with the well-documented
He/LiF(001) benchmark system.

The visibility of vdW interactions through their ef-
fect on GIFAD patterns, as well as the possibility to
trace the origin of qualitative features of a GIFAD pat-
tern back to details of the interaction between the pro-
jectile and the surface ions illustrate why this highly
sensitive technique has positioned itself as a power-
ful tool for quality-checking atom-surface interactions,
thus contributing to the development of more accurate
descriptions of the latter.

[1] A. Schüller et al., Phys. Rev. Lett. 98, 016103 (2007).
[2] P. Rousseau et al., Phys. Rev. Lett. 98, 016104 (2007).

[3] M. S. Gravielle and J. E. Miraglia, Phys. Rev. A 90,

052718 (2014)
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Low-dimensional magnetic nanostructures show in-
teresting phenomena with a high potential for their
integration in magnetic recording, spintronic, and sen-
sing devices. In this regard, a considerable effort is
dedicated to produce and investigate two-dimensional
(2D) metal-organic coordination networks (MOCNs)
deposited on non-magnetic metal surfaces, where the
periodically arranged metal centers are magnetically
coupled by the organic ligands.[1-3] However, realiza-
tion of these systems has been challenging since the in-
teraction with the metal surface can significantly mo-
dify the chemical and electronic states of both organic
and inorganic components. In this work we show that
functionalization of surfaces is an efficient strategy to
tune surface-network interactions aiming to true 2D
systems.

We recently synthesized a quasirectangular MOCN
comprised of Mn atoms and TCNQ (7,7,8,8-
tetracyanoquinodimethane) molecules deposited on
the 0.5ML Sn-Cu(100) surface alloy. This MOCN
would present, according to our DFT+U calcula-
tions, super-exchange mediated anti-ferromagnetic
(AF) coupling between the Mn atoms. The calcula-
tions predict a magnetic moment for the Mn atoms
close to 5 uB, corresponding to a high-spin (S=5/2)
state. From calculations with different magnetic orde-
rings we estimated an AF coupling with nearest neigh-
bors of J=0.96 meV, much larger than the coupling
reported for TCNQ-Mn on Au(111) [3]. Remarkably,
while on the Sn-Cu(100) surface alloy the charge
transfer to the molecules is active, the chemical in-
teraction between the Mn adatoms and the surface is
significantly weaker than on Au(111). Therefore, the
synthesized system constitutes a promising model to
investigate the puzzle of the factors that influence the
magnetic properties of MOCNs confined to metal sur-
faces.

[1] P. Gambardella, et al., Nature Mat. 8, 189 (2009).
[2] Abdurakhmanova et al., Phys. Rev. Lett. 110, 027202
(2013).

[3] M. Faraggi at al., J. Phys. Chem. C, 119, 547 (2015).
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Single atoms with partially filled d- or f -shells on a
solid state surface are known to exhibit strong electron
correlations leading to physical properties that do not
correspond with the isolated-atom picture. The mag-
netic properties of such impurities on metals are in-
herently connected with many body interactions bet-
ween the localized magnetic moment and the suppor-
ting surface [1−5]. In this framework, the Kondo effect
[1, 6] is the most frequently found.
Using scanning-tunneling spectroscopy, we report re-
sults on the Kondo temperature TK of Co atoms on
the (111) surface of Ag, as the surface density of state
ρS changes. Due to the long Fermi wave vector of the
surface states, ρS at a given surface point is affected
by defects lying far away from this point. We have
cleaned a large area on the Ag(111) surface and mea-
sured the differential conductance at a given surface
point with and without a Co atom. From this infor-
mation we obtain TK and the change in ρS at the
Fermi energy at different points on the on the surface.
We obtain that TK varies approximately linearly with
ρS . We analyzed the data on the basis of an SU(4)
Anderson model derived from ab initio calculations,
obtaining agreement with the experimental data. The
results suggest that at least a quarter of the coupling
of the Co impurity with extended states is due to sur-
face states.

[1] J. Kondo, Progress of Theoretical Physics 32, 37 (1964).

[2] L. Kouwenhoven and L. Glazman, Physics World 14,

33 (2001).

[3] V. Madhavan, W. Chen, T. Jamneala, et al, Phys. Rev.

B 64, 165412 (2001).

[4] N. Knorr, M. A. Schneider, L. Diekh ?ner, et al, Phys.

Rev. Lett. 88, 096804 (2002).

[5] J. Henzl and K. Morgenstern, Phys. Rev. Lett. 98,

266601 (2007).

[6] J. Kondo, Phys. Rev. 169, 437 (1968).

P-96 PWC-V-6

A simple two-dimensional model to study
magnetic domain walls dynamics
Caballero N.1, Kolton A.1 2, Curiale J.1 2, Jeudy V.3,
Bustingorry S.1
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Magnetic domain wall motion plays a key role on
understanding magnetization reversal dynamics and
on developing new magnetic-based memory devices.
This has strongly pushed research on domain wall dy-
namics during last years. Great efforts were devoted
to the study of mean stationary domain wall velocities
in magnetic ultrathin films, in response to a uniform
driving field. In order to get a deeper understanding of
magnetic domain wall dynamics, the development of
new models capturing the main ingredients responsi-
ble for the complex observed domain wall behavior is
necessary. We model the magnetization dynamics of
quasi-two-dimensional systems with a perpendicular
easy axis of magnetization by using a simple scalar-
field model, based on a classical model of Statistical
Mechanics. The model can be reckoned as a simplifi-
cation of the Landau-Lifshitz-Gilbert equation. This
allows a systematic study of the domain walls mo-
tion driven by magnetic fields, following typical expe-
rimental protocols of polar magneto-optic Kerr effect
microscopy. The model considers the magnetization
component parallel to the easy axis of magnetization
and may include magnetic exchange, dipolar interac-
tions, structural disorder, temperature and an exter-
nal magnetic field. The influence of each parameter
can then be evaluated and the results can be correla-
ted with experimentally observed velocity-field data.
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The possibility of controlling oxide interfaces is
still intriguing researchers owing to their poten-
tial applications in spintronic devices. The case of
La0.7Sr0.3MnO3 (LS0.3MO) is particularly interes-
ting, as it is ferromagnetic with a high Curie tempera-
ture (Tc ∼ 370 K) and has a half-metallic character.
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However, the tunneling magnetoresistance (TMR) ra-
tios obtained in magnetic tunnel junctions made with
this manganite are much smaller than expected.[1]
The reduction of the spin polarization at the inter-
face has been usually attributed to surface symmetry
breaking effects, preferential orbital occupation, strain
and charge transfer.[2, 3] We present synchrotron stu-
dies of LSxMO/LS0.3MO bilayers grown by pulsed
laser deposition on SrTiO3 (001) substrates, where
the tunnel barriers are low doped manganites with
Sr doping 0 < x < 0,1 and 2 - 6 nm thick. By
combining surface sensitive techniques such as XAS,
XMCD and XLD, we are able to describe the magne-
tic order, oxidation states, electronic orbital occupa-
tion and spin-polarization at interfaces. Synchrotron
experiments suggest the existence of an optimal ba-
rrier thickness with the higher spin-polarization. We
explain the non-trivial magnetic profile by the com-
bined effect of two mechanisms. On one hand, the
extra carriers supplied by the low-doped manganites
tend to compensate the over-doped interface, favoring
the existence of ferromagnetic zones where the double-
exchange coupling dominates. Besides, the evolution
from a tensile-strained structure of the inner layers
to a compressed-structure at the surface changes gra-
dually the orbital occupation and hybridization of the
3d-Mn orbitals, being detrimental for the spin polari-
zation of the electronic bands. Moreover, we found
clear evidence of spin polarization at the La sites,
which can be driven by charge migration through the
La-O hybridized orbitals. Finally, we discuss the ef-
fects of the LSxMO on the TMR in modified tunnel
junctions LSMO/LSxMO/STO/LSxMO/LSMO.

[1] M. Bowen et al., Appl. Phys. Lett. 82, 233 (2003).
[2] A. Tebano et al., Phys. Rev. Lett. 103, 079902 (2008).

[3]. H. Yamada et al., Science 305, 646 (2004).
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The production of 2D metal-organic networks
(MONs), formed by the coadsorption of metal atoms
and organic ligands on surfaces, has attracted con-
siderable attention for its promising applications in
data storage, or catalysis. An organic ligand extensi-
vely used to form these structures is the strong accep-
tor 7,7,8,8-Tetracyanoquinodimethane (TCNQ) mole-
cule. It was shown that a key point in defining the fun-
ctionality of MONs is the interaction of the molecule

with the surface. In this regard, the (3
√

2×
√

2)R45◦

reconstruction of the SnCu(001) surface alloy is a pro-
mising functionalized surface concerning the control of
the molecule/substrate interaction since it was shown
that produces a significant reduction of the Cu(100)
surface reactivity with respect to carboxyl and amino
groups.

In this work we have studied the self-assembly of
TCNQ molecules on the (3

√
2 ×

√
2)R45◦ recons-

truction by means of X-ray photoemission spectros-
copy, scanning tunneling microscopy, near-edge X-ray
absorption fine structure spectroscopy, and density-
functional theory calculations. Our results show that
surface alloying strongly attenuates the interaction of
the molecule with the surface, but it does not inhibit
the charge transfer from the substrate to the mole-
cules. The assembly mechanisms are completely mo-
dified with respect to the bare Cu(001) surface and
small domains of MONs with Cu adatoms are for-
med on top of the surface alloy at room temperature.
Ordered domains are obtained when the adsorption
is performed with the surface kept at 420K. At low
coverage a MON with a TCNQ:Cu ratio of 1:2 is for-
med, where each Cu adatom is coordinating 2 cyano
groups; while at coverages close to a saturated mono-
layer a MON with a TCNQ:Cu ratio of 1:1 dominates.
In this last case, 2 types of supramolecular interactions
stabilize the molecular assembly: metal-ligand coor-
dination interactions, with Cu adatoms coordinating
3 cyano groups, and CH· · ·N hydrogen bonds. This
work shows that surface functionalization with Sn is a
useful tool to modify the self-assembly of strong accep-
tor molecules on Cu surfaces in a controlled manner.
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High interest has risen in the past two decades
around the development of multiferroic devices that
present correlated properties for the design of struc-
tures with four (or more [1]) resistive states and that
can be reverted either with magnetic or electric fields
[2]. In despite of that, in these multiferroic oxide hete-
rostructures, the physics and origin of interfaces inter-
action for specific thicknesses stills remains not well
understood (couplings, microstrains, etc). So in this
way it also becomes very important to keep an eye on
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the fabrication procedure to ensure that the growth
or contamination are not hiding (or destroying) an in-
terface interaction or other intriguin phenomena.

We present the case of multiferroic multila-
yers of La0,8Ba0,2MnO3 (ferromagnetic, FM) and
Ba0,25Sr0,75TiO3 (ferroelectric, FE) materials grown
by sputtering technique. Particularly the characteriza-
tion of superlattices (SLs) shows, for AFM, an appro-
ximately inverse dependence between the roughness
and the sample ferroelectric thickness, for X-Rays, an
evidence of good Strongly-textured growth because of
their peak intensity [3]; and both can be corrobora-
ted by TEM images that justify and correlate their
analysis. Finally a reduction in the Curie Tempera-
ture (Tc) was observed as the nominal FM layer de-
creased, which we suppose can be attributed to the
lack of magnetic material surrounding each ferromag-
netic layer, however, variations observed for different
FE thicknesses were not expected, and may be due to
certain thicknesses favoring a FM-FE coupling.

[1]. F. Yang, M.H. Tang, Z. Ye, et al., J. Appl. Phys. 102.

044504 (2007).

[2]. M. P. Singh, W. Prellier, L. Mechin, et al., J. Appl.

Phys. 87. 022505 (2005).

[3]. M. Sirena, N. Haberkorn, M. Granada, et al., J. Magn.

Magn. Mater. 272/276. 1171-1173 (2004).
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In this work we studied the graphene / BN inter-
face using DFT. The calculation were executed using
the pseudopotential method, the interaction electro-
electron was includes with generalized gradient ap-
proximation of Perdew-Burke and Hernzehof such as
implemented in the Quantum Espresso package. We
studied the 2x2-graphene/2x2-h-BN and 2

√
3× 2

√
3-

graphene
√

13×
√

13 h-BN geometries. We found that
the graphene is bound to the BN by means of Van der
Waals forces. Additionally, we also find that graphe-
ne retains its hexagonal honeycomb structure because
the bond lengths and the graphene lattice constant
change slightly with respect to ideal values 1.42 X
and 2.45 X. Finally, we found that graphene preserves
its electronic properties due in the band structure the
Dirac Cones no change after relaxation process.
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Self-assembled monolayers (SAMs) are useful in dif-
ferent fields: chemistry, material science, and physics.
This is due to their ability to form one ordered mole-
cular overlayer on the surface of metallic substrates.
They could be instrumental in the modification of the
chemical environment of a surface or electrode, thus
affecting processes of charge transfer, or even assist
the formation of nano-scale structures. An interesting
property of these molecules is the possibility of mo-
difying the functional end groups, which can modu-
late the nature of the interaction with the surroun-
ding environment, thus opening new alternatives for
basic research and technological applications. These
types of device-oriented applications require a tho-
rough understanding of the molecular electronic struc-
ture and the different barriers for charge transport
along the molecules, certainly including the modifi-
cations induced by the coupling of the molecules to
the contact electrodes. The electronic structure of self-
assembled monolayers (SAMs) formed by thiols of dif-
ferent lengths and dithiol molecules bound to Au(111)
has been characterized. Inverse photoemission spec-
troscopy (IPES) and density functional theory have
been used to describe the molecule/Au substrate sys-
tem. All molecular layers display a clear signal in the
IPES data at the edge of the lowest unoccupied sys-
tem orbital (LUSO), roughly 3 eV above the Fermi
level. There is also evidence, in both the experimental
data and the calculation, of a finite density of sta-
tes just below the LUSO edge, which has been re-
cognized as localized at the Au-substrate interface.
Regardless of the molecular lengths and in addition
to this induced density of interface states, an appa-
rent antibonding Au?S state has been identified in
the IPES data for both molecular systems. The main
difference between the electronic structures of thiol
and dithiol SAMs is a shift in the energy of the an-
tibonding state. The results presented here comple-
ments previous reports for alkanethiols and provide
new data for the case of aromatic dithiols on Au.
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The films that exhibit perpendicular magnetic an-
isotropy (PMA) have gained interest because they are
potentially suited for magnetic memory devices. In
these materials, much effort is devoted to studying
the dynamics of magnetic domain walls (DW) since
the DW motion is a key issue to control magnetiza-
tion reversal [1]. Moreover, in some particular kind of
memories, DW motion is in the heart of the working
mechanism of the device [2]. Understanding and con-
trolling the effects of fabrication conditions of stacks
with PMA on the magnetic properties, and in parti-
cular on the DW dynamics, is a mandatory issue to
achieve a memory device based on such materials. Per-
pendicular anisotropy in films may have its origin in
multiple factors but surface effects and preferred crys-
talline orientation play a key role. In such cases, the
competition between in-plane and out-of-plane aniso-
tropies determines the resulting easy axis direction. In
order to elucidate the growth conditions incidence on
domain wall dynamics, we fabricated and studied Co
films with PMA. Pt/Co/Pt trilayers with PMA were
deposited by DC sputtering. Since the typical thick-
ness of the magnetic layer (Co) is of 1 nm or less,
this was challenging from the technical point of view.
Having assured reproducibility, fabrication conditions
such as substrate quality, substrate type and Co thick-
ness were varied. The resulting samples were exhaus-
tively characterized, both structurally and magneti-
cally. Magneto-optic Kerr effect magnetometry and
microscopy combined with X-ray reflectometry and
atomic force microscopy were adopted as experimental
techniques. Interestingly, we have found that increa-
sing the thickness of the magnetic layer (from 0.4 to
0.9 nm) the coercive field increases too, while the do-
main wall velocity, for a given magnetic field, strongly
decreases. In this work, we will particularly discuss on
the relationship between the DW velocity, the coercive
field and growth conditions.
[1] D. Ravelosona et al., Phys. Rev. Lett., 96, 186604

(2006).

[2] S. Parkin et al., Science 11, 190 (2008).
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In this work we present a Conducting Atomic For-
ce Microscopy (CAFM) study of TiO2 thin films that
display bipolar resistive switching behavior. Samples
were synthesized by reactive sputtering after a lit-
hography process to obtain the bottom Au electro-
des on a SiO2/Si substrate. Pt and Pt-Ir coated
tips were used for electrical AFM measurements. We
compare these measurements with I-V characteris-
tics of the same device using macroscopic Al elec-
trodes in a crossbar pattern. We demonstrate the
existence of two stable resistive states and the bipo-
lar nature of the switching through current-voltage
AFM measurements, presenting also a discussion on
the possible transport and switching mechanisms.
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At submicron separation, the radiative heat trans-
fer is modulated by evanescent electromagnetic fields.
This implies that the spectral heat transfer rather
than following Planck´s broadband distribution exhi-
bits a high coherence. In this work, we tune the near-
field heat transfer using polaritonic materials (NaBr)
coated with porous bismuth. Bismuth has a low plas-
ma frequency, and by varying the porosity, its plasma
frequency can be matched to the frequency of the lon-
gitudinal phonon in NaBr. The hybridization of the
plasmonic and phononic modes leads to a Fano-type
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resonance where the spectral heat transfer can be com-
pletely suppressed.

The theory is extended to superlattices of metallic
and polaritonic materials and we show the influence on
the NFHT on the presence of defects in composition
and or in geometry. Small variations in the periodicity
of the superlattice can be used to introduced thermal
localized states that are clearly seen in the spectral
heat transfer.

[*] Partial support from DGAPA-UNAM IN1100916
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We study of the effect of hindered aggregation on
the island formation process in a one-dimensional epi-
taxial growth model with arbitrary nucleus size i.
In the proposed model the aggregation of monomers
to stable islands is hindered by an additional ag-
gregation barrier, εa, which decreases the diffusion
rate of monomers to the islands. As εa increases,
the system exhibits a crossover between two diffe-
rent kind of behaviors: diffusion-limited aggregation
(DLA) and attachment-limited aggregation (ALA) [1-
3]. The island-size distribution, P (s), is calculated for
different values of εa by a self-consistent set of equa-
tions for the nucleation and aggregation capture ker-
nels. The results given by the analytical model are
compared with those from kinetic Monte Carlo simu-
lations finding a good agreement for all considered va-
lues of i and εa. As the aggregation barrier increases,
P (s) smoothly approximates to the limit distribution
P (s) = δs,i+1. The system has a complex and rich
behavior in the crossover regime which can be explai-
ned in terms of the different time scales of the micros-
copical processes. Our model can be used to extract
information about microscopical parameters from ex-
perimental results for P (s).

[1] Y. Han, É. Gaudry, T. J. Oliveira and J. W. Evans, J.
Chem. Phys. 145, 211904 (2016).
[2] D. L. González, J. Phys. A: Math. Theor. 50, 035001
(2017).

[3] D. L. González, A. Pimpinelli, and T. L. Einstein. Phys.

Rev. E 96, 012804 (2017).
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Centro Atómico Constituyentes, Comisión Nacional de
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We present here a Conductive-tip Atomic Force Mi-
croscopy (CAFM) study of the electric field effects
on the Ag nanoparticles (AgNPs) embedded in me-
soporous thin films (MTF). AgNPs can be efficiently
photoreduced inside the pores of TiO2 MTF forming
patterns by optical lithographic methods, generating
well-defined conductive and non-conductive regions.
We have previously studied the local control of the
electrical and morphological properties of these Ag
loaded TiO2 MTF. These experiments resulted in a
direct local modification of the distribution of AgNPs
inside the mesoporous titania films with a consequent
electric conduction change. AgNPs filling is favoured
by the cathalitic properties of titania unlike the less
reactive SiO2 surface. In the case of SiO2/TiO2 me-
soporous multilayers, it is known that the AgNPs are
selectively syntethized only inside the TiO2 layer. We
show here that for mesoporous SiO2/TiO2 bilayers,
it is possible to induce and control the electrochemi-
cal migration of Ag from TiO2 to SiO2. It could yield
more complex designs and contribute to the develop-
ment and miniaturization of memory cells and other
electrical devices and sensors.
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Zirconia-based ceramics possess a wide range of re-
levant applications due to its unique mechanical, elec-
trical and optical properties. On the one hand, ZrO2
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has a high mechanical and chemical resistance, which
is suitable as protective coating. Meanwhile, yttria-
stabilized zirconia (YSZ) is one of the main electroly-
te materials for solid oxide fuel cells (SOFC) devices
due to its high ionic conductivity at high tempera-
tures. In this work, ZrO2 and YSZ thin films synt-
hesized by sol-gel method and deposited by spin and
dip coating is studied. ZrO2 films are synthesized as
coatings for Zircaloy rod spacer grids used for critical
heat flux tests, while YSZ films are synthesized for
non-electrolyte supported SOFC. Morphological cha-
racterization of these films is performed by SEM, while
TEM and XRD provide insight on the crystallographic
properties. Electrical properties of these materials are
measured by impedance spectroscopy (EIS) and con-
ductivity experiments. Highly dense films with good
adherence to substrates and thickness above 200 nm
are achieved by this method.

P-113 PWC-V-18

Study of transmittance in a 1D
superconductor-semiconductor photo-
nic crystal
Herrera A.1, Porras-Montenegro N.1
1 Departamento de F́ısica, Universidad del Valle, Cali,

Colombia

E-mail: alan.herrera@correounivalle.edu.co

In this work using the transfer matrix method
(TMM) we study the transmittance of 1D pho-
tonic crystals made of alternated layers of a se-
miconductor (GaAs) and a high-Tc superconductor
(HgBa2Ca2Cu3O8+δ) under the effects of tempera-
ture, applied hydrostatic pressure and thickness of
the layers. The frequency-dependent dispersion for-
mula according to the two-fluid model and Ginzburg-
Landau theory were adopted to describe the optical
response of the superconducting system. We found
that increasing the superconductor (semiconductor)
layers thickness results in a shift to higher (lower) va-
lues of the transmittance cutoff frequency. Additio-
nally, this cutoff frequency is shifted to lower values
with the temperature increase. Furthermore, we found
that the position and width of the band gaps varies
with the applied pressure. The most notorious varia-
tion is presented in the third gap, whose bandwidth
becomes practically null at the maximum pressure.
We further calculated the photonic band structure of
the system based on the transcendental equation de-
rived from the TMM and Bloch theorem. We realized
that the band structures are strongly consistent with
the transmittance spectra. We hope this work may
be taken into consideration for the development of
new perspectives in the design of new optical devices.
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Resistive switching devices based on transition me-
tal oxides in contact with insulators, represent a new
field of study to resistive random access memory
(RRAM). It is a basic capacitive structure, where an
insulating oxide are sandwiched between two conduc-
ting electrodes (metalic, manganites, or a combina-
tion) [1]. In this case, the resistance mechanism are as-
sociated to the formation and rupture of local conduc-
ting filaments composed by oxygen vacancies and/or
diffused metallic ions from the electrode and the in-
terface type [1 − 3], where oxygen vacancy interacts
in metal/oxide region. In this work, we have depo-
sited Pt(50 nm)/BTO(54 nm)/ LCMO(44 nm) and
LCMO(55 nm)/BTO(48 nm)/LCMO(54 nm) trilayers
on STO substrates to study the electrodes influence
in the electrical properties. Therefore, LCMO layer
was used like bottom electrode in contact with BTO,
while Pt and LCMO layer were the top electrodes.
XRD reveals that LCMO and BTO layers in both
samples grown aligned with substrate with cLCMO

=3.805 Å and cBTO =4.125 Å, respectively. Magneti-
zation measurements reveals a TC ∼ 150 K and Ms ∼
600 emu/cm3 at 10 K. Additionally, the samples was
patterned by lithography, the sample fabrication con-
sist of a well-defined capacitive structures with three
different area to study the influence of dimension re-
duction, where the LCMO bottom electrode are expo-
sed to facilitate electrical measurements. At low tem-
peratures, Pt and LCMO electrodes allows study the
manganite metal-insulator transition implications on
the phenomena of resistive switching.

[1] R. Waser, M. Aono, Nature Mater. 6, 833 (2007).

[2] U. Celano, Y. Y. Chen, D. J. Wouters et al., Appl.

Phys. Lett. 102, 121602 (2013).

[3] T. Bertaud, M. Sowinska, D. Walczyk et al., Appl.

Phys. Lett. 101, 143501 (2012).
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Shape memory alloys are materials which present
important reversible inelastic deformation, as a result
of a thermoelastic martensitic transformation. Depen-
ding on temperature and material, strain which ap-
pears upon mechanical loading or cooling under stress
is recovered after unloading and/or heating. The resul-
ting effects, such as shape memory effect (SME), have
potential applications in microactuators. To enhan-
ce applications of SME at micro- or nanoscales, it is
necessary to understand the role of dimension (thick-
ness) and the microstructure (grain size) on marten-
sitic transformations [1].

In this work, the influence of the microstructure on
the resulting martensitic transformation of polycrys-
talline Cu-Al-Ni thin films is analyzed. We are particu-
larly interested in identifying possible size and disor-
der effects. Films with thickness between 2 and 5 µm
are grown by DC sputtering at different temperatures
on substrates such as silicon and high oriented pyroly-
tic graphite. The microstructure of the films is analy-
zed by X-ray diffraction and transmission electron
microscopy. The martensitic transformation is mea-
sured by electrical transport. Thin films with grain
size that range from 30 nm to 5 µm can be obtai-
ned by modifying the substrate temperature used du-
ring the growth process. In addition, the microstruc-
ture was modified by post annealing. The results show
that the start martensitic temperature and the hyste-
resis of the transformation are strongly affected by
the grain size and by surface passivation. The re-
sults are analyzed by considering barriers related to
interfacial and surface energies. The former refers to
martensite-martensite and martensite-austenite inter-
face. The latter refers a barriers imposed by surface
passivation.

[1] S. A. Wilson et al, Mat. Sci. Eng. R 56 (2007)1-129.
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The study of electrical transport through
voltage-current curves (I-V) in tunnel junction
of GdBa2Cu3O7−d/ insulator/ GdBa2Cu3O7−d and
Nb/ insulator/ GdBa2Cu3O7−d is analyzed using
a conducting atomic force microscope (CAFM) at
room temperature. The insulating barriers used are
thin films of SrTiO3 (STO) and BaTiO3 (BTO) both
of 2-4 nm thickness. These materials are structurally

compatible with cuprates given their similarity in
lattice parameters. The main difference is that the
BTO is a ferroelectric material, while in the STO
the ferroelectricity can be produced by stress or
deformation at the interfaces. The properties of the
insulation barriers depend on the thickness and the
characteristics of the IV curves through the junction
depend strongly on the type of material.

The samples were grown by sputtering on STO
(001) from stoichiometric targets. Junctions of diffe-
rent areas (5-10-20-30 µm per side) were obtained th-
rough successive steps of optical lithography and ion
etching. The superconducting transition of the elec-
trodes was characterized by electrical transport using
the 4-prong configuration. The results show that su-
perconducting electrodes with low density of topolo-
gical defects and with critical temperature over liquid
N2 can be obtained for thicknesses of GdBa2Cu3O7−d
(GBCO) between 16 and 24 nm, our results demons-
trate that 16 nm thick GBCO films with an average
root-mean-square (RMS) smaller than 1 nm and lar-
ge surface areas (up 100 µm2) free of 3-D topological
defects [2]. This fact can be associated with stress at
the interface and a reduction of the orthorhombicity
of the GBCO. The reduction in the orthorhombicity is
expected by considering the interface mismatch and it
can also be affected by reduced oxygen stoichiometry.
The results obtained are discussed considering effects
of charge accumulation in the interface and effects of
electric polarization on the barrier.

[1] H. Navarro, Ilkyu Yang, M. Sirena, Jeehoon Kim, N.

Haberkorn. J.Appl.Phys. 118 (2015) 045308

[2] H. Navarro, M. Sirena, J. Kim, N. Haberkorn. Phys.C

510 (2015) 21-26
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The electronic spectra shift of tetracationic
5,10,15,20-tetrakis(1-methyl4-pyridyl)-21H,23H-
porphyrin (TMPyP) upon adsorption on a clay
surface is here investigated using ab-initio electronic
structure calculations performed in the framework of
the Density Functional Theory (DFT). Porphyrins
are heterocyclic macrocycle organic compounds
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with many applications such as photosensitizers for
light harvesting and chemical reactions, molecular
electronics and enzymatic catalysis. They can be
found in biological systems like photosynthesis
of light, enzymes, and transport proteins. The
porphyrins optical spectra can be characterized by
the presence of a dominant so called Soret band
plus a Q-band structure, whose positions and sha-
pes offer a method to characterize porphyrins in
various environments. The influences of the envi-
ronment and DFT exchange-correlation functional
on the UV-vis spectra of the model systems, he-
re considered, are investigated. With this aim, the
TmPyP/Montmorillonite interface is studied and the-
se results are further discussed to tentative address
the observed electronic spectral shift on TMPyP
upon the TMPyP/Clay interaction. The results
suggest that the mechanism is still controversial
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The spinel-type compounds (F-3md space group)
structure is characterised by two different sites for
cations: one with tetrahedral coordination of oxygen
atoms (A site) and the other one with an octahe-
dral coordination (B site). The group presents many
degree of freedom (cations types and distributions,
bonds angles with the anions, etc), giving rise to a
large variety of properties and in consequence poten-
tial applications in spintronic applications. The mag-
netic properties of spinel ferrites strongly depend on
the distribution of cations (A and B sites). Magnetic
coupling in ferrites occurs via super-exchange interac-
tions. Pure bulk zinc ferrite (ZnFe2O4) has only B-O-
B interaction because all the A-sites are occupied by
Zn atoms, which have no-magnetic moment (normal
spinel). This makes ZnFe2O4 paramagnetic at room
temperature and antiferromagnetic below 10 K. Ho-
wever, when particle size is reduced to the nanoscale,
it has been found that some of the iron ions move to-
wards A sites (partially-inverted ferrite) leading to A-

O-B coupling that result in ferrimagnetic Fe arrange-
ment and thus enhancing the total magnetic moment
of the sample [1]. We present here an ab initio study
of the surface and sub-surface structural, electronic
and magnetic properties of ZnFe2O4. The study was
carried out by means of First Principles calculations
based on the Density Functional theory (DFT). In or-
der to solve the Kohn-Sham equations we employed
FP-LAPW method as implemented in the Wien2k [2]
code. In order to elucidate the degree of inversion and
how the inversion depends on the deep position in the
surface, we have calculated the necessary energy for an
inversion in the bulk material and correspondingly in
the surface. We also calculated the X-ray absorption
near edge (XANES) spectra at the Zn and Fe K-edge.
Our predictions are compared with the experimental
XANES spectra obtained in conventional and grazing
incidence configurations, on thin films of zinc ferrite
measured in the LNLS (Campinas, Brazil), in order
to identify the structural changes associated to the
GI-XANES case.

[1] E. Lima Jr.et Al., J. App. Phys. 108, 103919 (2010)

[2] P. Blaha, et Al., Wien2k:www.wien2k.at
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In this work, we study the characteristics of TE
projected band structure and surface modes in a
one-dimensional photonic crystal built with films of
graphene and dielectric. We show that the behavior
of these modes is different from the surface plas-
mons generated for the TM electromagnetic waves.
This is due, in the first case, to the imaginary part
of electrical conductivity and in another case the
real part is determinant. We show that the surfa-
ce modes TE are present in other frequency ran-
ge with other width of the dielectric layers. The
surface modes has short length of propagation and
they do not interfere with each other. We also stu-
died the projected band structure and surface mo-
des TE for quasiperiodic superlattices and we found
that this band does not unfold as in the case TM.
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ZnO (zincite) and Al2O3 (alumina) nanolaminates
have a variety of properties in optoelectronics and now
in spintronics, but some other applications of these
materials can be exploited as thin films produced by
atomic layer deposition (ALD) with low dimensions
[1, 2]. In the present work, [Al2O3/ZnO]n multilayer
nanolaminates were grown, with different number of
bilayer periods (n ≈ 1, 2, 5 and 10), on silicon (111)
and stainless steel 316L substrates. In order to cha-
racterize the roughness and grain size of these nanola-
minates, the atomic force microscopy (AFM) techni-
que, was used. By using scanning electron microscopy
(SEM) the morphology and thickness were determi-
nated and the chemical composition was analyzed by
X-ray photoelectron spectroscopy (XPS) technique.
Tafel curves and electrochemical impedance spectros-
copy measurements in presence of a Hank´s body si-
mulated solution (HBSS), allowed us to establish the
multilayer corrosion resistance. This analysis shows
an improvement in [Al2O3/ZnO]n nanolaminates of
around 90 % over the uncoated 316L stainless steel
substrate. Finally, the samples cytotoxicity level tes-
ted with a LDH Kit [3] using a Chinese hamster ovary
cell line indicated that the best sample behavior was
for the ZnO single layer which presented a cytotoxicity
of 2 %, while the [Al2O3/ZnO]n nanolaminates multi-
layers exhibited 30 % in contrast with the uncoated
stainless steel that presented 45 % in the cytotoxicity
level.

[1] H. Liu et al, Journal of alloys and compounds, 703, 225
(2017)
[2] A. Abou et al, The journal of Physical Chemistry, 118,
3811 (2014)

[3] W. Song et al, Toxicology Letters, 199, 389 (2010)
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Raman spectroscopy provides information about
molecular vibrations, which can be used for iden-
tification and quantification of molecules in a spe-
cimen. However, Raman response is usually weak,
so mechanisms for its enhancement are looked for-
ward. Mechanisms such as the electromagnetic, by
substrates plasmonic excitation, or the chemical, by
charge transfer, have been studied. Further, unlike
common metals, a graphene sheet supports both TE
and TM plasmonic modes, but at frequencies in the
far infrared region, out of the Raman response re-
gion. In this work, we consider a biological specimen
on a periodic multilayer dielectric-graphene substra-
te and we obtain its Raman response by making use
of DFT theory and the matrix-transfer method. Re-
sults show that in this dielectric-graphene multilayer
system, near infrared plasmonic excitation is possible,
and then suitable for Raman response amplification.
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Devices based on the phenomenon of resistive swit-
ching (RS) have been studied on different transi-
tion metal oxides and complex oxides. In these ma-
terials the favorable properties as low power consum-
ption, simplicity, long retention time and even mul-
tilevel switching are very important. A basic device
is generally a capacitor like structure with an insu-
lating oxide layer sandwiched between two conduc-
ting electrodes [1], [2]. Different mechanisms are as-
sociated to explain resistive switching such as the
formation and rupture of local conducting filaments
formed by oxygen vacancies and/or diffused meta-
llic ions from the electrode [3] and also the inter-
face type mechanisms attributed to oxygen vacancy
related redox processes at the metal/oxide interface.
We have deposited La0,3Ca0,7MnO3(LCMO) films
on Y Ba2Cu3O7(Y BCO)/SrT iO(STO) and Nb do-
ped SrT iO3 (STO : Nb) substrates like a possible
route to study the resistive swithiching on complex
oxides. In this case, LCMO (tLCMO = 250nm) was
used like insulator material in contact with YBCO
(tY BCO = 40nm) and STO : Nb like bottom elec-
trodes. From XRD we found that the LCMO and
YBCO layers growth textured aligned with substrate
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with cLCMO = 3,87Å and cY BCO = 3,855Å, respecti-
vely. The LCMO surface was analyzed by Atomic force
microscopy to study the influence on roughness and
grain size associated to use of YBCO like a bottom
electrode. We measure the electrical properties with
temperature (RvT) and I-V measurements (at cons-
tant temperature) using Ag like top electrode, this
allowed us investigate the implications of the stacking
an oxide as the YBCO like a bottom electrode and a
complex oxide like LCMO as an insulator layer with
the phenomena of resistive switching. The movement
of the oxygen vacancies, conducting mechanisms like
space charge limited conduction (SCLC) and a struc-
ture deformations were taken in count for this study.

[1] R. Waser et al., Nature Mater. 6, 833 (2007).

[2] T. Yamamoto et al., J. Appl. Phys. 110, 053707 (2011).

[3] P. Calka et al., Nanotechnology 24, 085706 (2013).
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The magnetocaloric effect (MCE) is the isothermal
change of entropy and the adiabatic change of tem-
perature that appears in some materials during the
application of a magnetic field. The potential of this
effect for eco-friendly room temperature refrigeration
have aroused a particular interest in the scientific com-
munity nowadays. Within the most important MCE
compounds, manganites stand out due to their flexi-
bility to modify the magnetic properties with diffe-
rent stimulus. This characteristic is originated from
the strong coupling between their electronic, magne-
tic and structural degrees of freedom. With the aim
of exploiting the MCE in microdevices, we studied
this effect in La0,88Sr0,12MnO3 thin films grown by
pulsed laser deposition (PLD) on SrTiO3 and silicon
substrates. We compare here the influence of different
structural characteristics in the MCE obtained. We
have measured the MCE indirectly, using the classical
thermodynamics Maxwell´s relations from the mag-
netization results. Alternatively, we are developing a

method base on the fabrication of microthermometers
on the film, to perform a more direct quantification of
the MCE. We present here the results obtained and
discuss the differences between both methods.
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The main objective of this research is to present the
advantages and limitations related to the study and
analysis of mechanical properties (like hardness and
elastic modulus) of some solid state systems (like bulk
and thin film samples) by using an Atomic Force Mi-
croscope (AFM). The technique used in the AFM for
studying these properties is known as Depth-Sensing
Indentation [1, 2] (or Instrumented Indentation) which
is used for realizing a localized mechanical study of
different materials with nano-metric resolution. The
experimental results indicate it is possible to perform
mechanical tests (involving a load and unload cycle)
reaching maximum forces between 5 and 350 µN by
using our experimental set-up. This allows us to study
materials reaching maximum depths about 400 nm
(in the case of a very soft material like Indium) and
with a displacement sensibility about 1 nm. In this
case, different solid systems like Silicon, Sapphire and
Indium were studied for determining and calibrating
the experimental parameters necessary for the correct
interpretation of the instrument piezo-electric respon-
se [3]. In addition, some film/substrate systems like
Au/Si and FePt/SiO2 were studied in order to analy-
ze the performance of this technique in the study of
thin films.

[1] A. C. Fischer, Introduction to Contact Mechanics, Se-

cond Edition, Springer Science + Business Media, LLC,

New York, 2007.

[2] K. L. Johnson, Contact Mechanics, Cambridge Univer-

sity Press, 1985.

[3] M. F. Doerner and W. D. Nix, J. Mater. Res., Vol. 1,

No. 4, 1986.
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Raman spectroscopy is a very important tool for
specimen characterization. However, an issue to be
solved is its usually weak response. For this purpo-
se, mechanisms such as the electromagnetic, by subs-
trates plasmonic excitation, or the chemical, by char-
ge transfer, have been studied. By other side, grap-
hene is a 2D material with remarkable electronic,
optic and chemical properties. For example, a grap-
hene sheet has a frequency independent absorption
of about 2.3 percent. Raman response can be am-
plified by plasmonic excitation of a rugged metallic
substrate. Further, a graphene sheet supports both
TE and TM plasmonic modes, but at frequencies in
the far infrared region, out of the Raman respon-
se region. In this work, we show that if a multila-
yer dielectric-graphene in a Cantor-like arrangement
substrate is considered, it is possible to excite plas-
mons in the near infrared region, making it suitable
for Raman response amplification. The quasi-periodic
sequence is applied via the graphene chemical po-
tential, which is tunable by doping or by gate vol-
tage. Our results are obtained by using the matrix-
transfer method as well as ab-initio calculations.
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The understanding of systems based on gradative
distributions of materials is crucial for the developing
of new optical technologies. Using the scattering ma-
trix formalism, in this work it is presented the nume-
rical study of the optical properties of 1D photonic
graded systems, constructed by multiple bi-layers of
Drude-type metal and air, where the total amount of
material, as well as the length proportion of them in
each bi-layer are kept constant. A graded variation of
the bi-layers length, following an arithmetic progres-
sion is considered. It is shown the formation of a trans-
mission band that grows with the number of bi-layers
and how the increase of the metallic plasma frequency
or the size of the system modifies the transmission
spectra, resembling the response of different photo-
nic crystals. For transverse electric (TE) mode it is
presented the redistribution of the transmission peaks
to higher frequencies as a function of the incident an-
gle, the metal quantity, and the bi-layer length graded
parameter. For the transverse magnetic (TM) mode,
it is observed the appearance of maximum transmis-
sion peaks below the metallic plasma frequency, in an
equal number as the air layers of the system, whose

widths decrease with the augment of the incident an-
gle and the metal quantity. In addition, it is found
a quasi fractal self-similar behaviour of the transmis-
sion peaks as a function of the bi-layer length graded
parameter. Also, the transmission spectra calculated
as a function of the metal absorption is presented.
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The discovery in 2004 of a two-dimensional elec-
tron gas (2DEG) at the interface of two usually insu-
lating and non-magnetic oxides, such as LaAlO3 and
SrTiO3, is a remarkable example of how the recons-
truction of electronic states in few dimensions can
give rise to new unexpected properties. This 2DEG
presents some remarkable phenomena, such as metal-
insulating transitions, superconductivity controlled by
electric fields, two-dimensional magnetism, etc. In a
recent theoretical-experimental collaboration we ha-
ve demonstrated the existence of a similar electron
2DEG at the bare (001) surface of SrTiO3. This gas
proved to be universal, in the sense that it does not
depend on the volume doping of the compound, and
was subsequently found in other materials and sur-
faces. Today there is a general agreement that the-
se 2DEGs are due to the presence of oxygen vacan-
cies near the oxide surface, but it remains to be un-
derstood several of their most important properties,
such as the precise type and shape of the potential
well confining the electrons. In this presentation we
will introduce a very simple tight binding model to
explain new and extensive angle-resolved photoemis-
sion experiments on these 2DEGs addressing such is-
sues. The model allows us to analyze the effect of the
microscopic parameters of the potential produced by
the vacancies, giving us a fundamental tool to inter-
pret the measurements in a more accurate and no-
vel way. Lastly, we will discuss how combining the
model and the experiments opens the door for doing
a tomography of the wave functions associated to
the quantum well states present on these systems.
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The three chemical groups of glyphosate undergo
deprotonation as the pH of the solution is increa-
sed. There is a generally accepted sequence for the
deprotonation that has been studied mainly by infra-
red spectroscopy (IR) and nuclear magnetic resonance
(NMR), but controversy has arisen recently about the
order in which the carboxylic and phosphonic groups
deprotonate. X-ray photoelectron spectroscopy (XPS)
is also well suited for these studies because the proto-
nated and deprotonated moieties of the molecule can
in principle be distinguished through changes of the
core-level binding energies. With XPS, however, only
dry droplets of the solution deposited on a substra-
te can be analysed, what opens the question of the
possible influence of the surface on what is being in-
vestigated.

In this report we analyse the deprotonation of the
amino and phosphonic groups through the N1s and
P2s photoelectron spectra measured in droplets depo-
sited on Si and Au. The pHs of the solutions varied
in the range 1 < pH < 12. O1s and C1s spectra were
also measured, but the use of these spectra is hinde-
red by the presence of spurious components ascribed
to contamination. We have found that the N1s core
level undergoes a large shift upon deprotonation (∼ 2
eV), in good agreement with previous reports. On the
contrary, we have found only a minor change of the
P2s core level in the whole series.

We present also results of calculations performed
with density-functional theory which are in good
agreement with the experimental findings.
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Zn0,95Mn0,05O thin films with different pressure we-
re deposited on Si substrate by pulsed laser ablation
technique, through a pulsed laser (1064nm, and 9ns)
under oxygen atmosphere and average energy around
100mJ per shot. The structural and optical properties

of the films were analyzed as a function of the oxy-
gen gas pressure. The Mn concentration in the films
was around 5 % Wt, the grown process was carried
out at a substrate temperature of 473 K. The crysta-
lline structure of the samples was investigated using
X-ray diffraction technique (XRD) and Atomic Force
Spectroscopy (AFM). Raman Spectroscopy and Uv-
Vis were employed to characterize the optical pro-
perties of the films. The diffraction patterns revea-
led that the ZnMnO thin films were polycrystalli-
ne and have a wurtzite hexagonal structure of ZnO
and without any second phases. XRD pattern of the
Mn doped ZnO shows the presence of strong inten-
sity peak arising (002) reflection, indicating that the
highly c-axis oriented film grown. A lightly shift in
peak positions towards lower 2θ values has been ob-
served, which may be due to the incorporation of Mn
ions inside the ZnO crystal lattice. Some important
structural parameters (lattice parameters of the he-
xagonal cell, crystallite size, tensile and compressi-
ve stress) of the films were determined. The depen-
dence of the optical characteristics on the prepara-
tion conditions, using a UV-VIS spectrophotometer,
was discussed. The average energy band gap of the
films was evaluated around 3.23-5.56 eV. Raman spec-
trum shows E2 (low) mode of ZnO structure shifted to
red and increasing its FWHM. Also was observed E2
(high) mode which is ZnO wurtzite structural related.
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Magnetic and Transport Properties of
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Manganese oxide with perovskite structure
R1−xAxMnO3 (where R and A are rare or alkali-
ne earths metallic elements) has two basal states
possible: ferromagnetic metal and antiferromagnetic
insulator, accompanied by orbital and / or load sys-
tems [1]. This material is known as manganite, where
Pr0,8Ca0,2MnO3(PCMO) phase is a ferromagnetic
(FM) insulator with Curie temperature < 150K [1,
2]. Other manganite that has been extensively studied
is a Ca doped lanthanum manganite, for this work we
selected La0,3Ca0,7MnO3(LCMO), this manganite
offers antiferromagnetic (AFM) behavior with Neél
temperature < 280K [1, 2]. The bilayer films were
grown in substrates SrT iO3 (100) by DC sputtering
technique in high oxygen pressure (3.0 mBar) with
99,999 % pure oxygen gas. We used two stoichiometric
targets of 1 inch of PCMO and 1/2 inch for LCMO
respectively, they were built using stoichiometric
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precursors, this targets was were characterized
structurally and chemically using xray diffraction
(XRD) and EDS. After studied thin films of PCMO
and LCMO, we find the Curie temperature near to
140 K and Neel near to 150 K, later the films were
structurally characterized. We fixing the thickness of
the array in 80 nm in three different configurations
for AFM/FM system: 60/20, 40/40 and 20/60. The
bilayers grown were chemically, structurally, magne-
tically and electrically characterized by EDS, XRD,
hysteresis isotherms, R-T curves applying magnetic
field and I-V curves, respectively. We find correlation
with the thickness of the antiferromagnetic layer and
the magnetic response in bilayers and a change in
transport behavior particularly in measurements of
the resistive switching.

[*] This work is supported by the project titled:
Efectos de Interfase en bicapas de La2/3Ca1/3
MnO3(FM)/Pr1/2Ca1/2MnO3(AFM) crecidas
por la técnica de pulverización catódica identified with
I.C. 71057 of Universidad del Valle, and by Center of
Excellence on Novel Materials.

[1] L. Maŕın, Efectos de Interfaz En Bicapas FM
La2/3Ca1/3MnO3/AFMLa1/3Ca2/3MnO3. Masther Te-
sis, UV, 2011.

[2] T. A. Kaplan et al, Phys. of Manganites
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Photoconductance spectroscopy has been studied
in epitaxial ZnO thin films with different thicknes-
ses that range between 136 and 21 nm. We report
a systematic decrease of photoconductivity and a
red shift of the band edge photoconductance spec-
tra when the thickness is reduced. For thinner films,
it is found that the effective energy gap value di-
minish. By time dependent photoconductivity mea-
surements we found a lower contribution of their
slower characteristic relaxation times when thick-
ness is diminished. These effects can be unders-
tood considering a band-bending contribution whe-
re the Franz-Keldysh effect and the polarization of
the ZnO films play a major role for thinner films.
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Topological / Trivial Insulator Heteros-
tructure
Costa M.1, Costa A.2, Buongiorno Nardelli M.3,
Fazzio A.1
1 Brazilian Nanotechnology National Laboratory
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In 1970 Esaki and Tsui proposed a solid-state ar-
tificial structure: the superlattice[1]. A superlattice is
formed by a periodic charge density variation. These
structures have been used for decades in the physics
community, mainly for semiconductor devices. The
recently discovered of topological insulator materials
aroused the physics community. These materials are
insulating in its bulk and posses metallic states in its
boundary. These states possess unique properties such
as spin texture and robustness against disorder. In
this work, we investigate topological / normal insu-
lator (TI/NI) interfaces and its superlattice using a
combination of density functional theory and a highly
accurate tight biding modeling [3]. The calculations
were based on the Bi2Se3 topological insulator. The
normal insulator in simply the Bi2Se3 without spin-
orbit coupling (SOC). This approach enables us to
investigate a chemically perfect TI/NI interface. Ex-
perimentally these superlattices have been reported by
Belopolski et. al. [4] and Its constructed via In doping
(in the Bi site) of the Bi2Se3. Initially, we investigated
a hypothetical infinity TI/NI superlattice and it can
be shown that for a given NI thickness the topologi-
cally protected states are present. We also investigate
when a TI (NI) is placed between two NI(TI) regions.
Finally superlattices like the reported by Belopolski.

[1] L. Esaki and R. Tsu, IBM J. Res. Dev. 14, 61 (1970).
[2] C. L. Kane and E. J. Mele, Phys. Rev. Lett. 95, 146802
(2005)
[3] L. Fu, C. L. Kane, and E. J. Mele, Phys. Rev. Lett.
98, 106803 (2007)

[4] L. A. Agapito, A. Ferretti, A. Calzolari, S. Curtaro-

lo, and M. Buongiorno Nardelli, Phys. Rev. B 88, 165127

(2013).
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We studied the dynamics of the acoustic breathing
mode in multi-layered MoSe2, directly in the time do-
main, by means of the picoseconds acoustics technique
through ultrafast optical spectroscopy. The method
used was the pump-probe method, where the impulsi-
ve generation through excitation by ultra-short laser
pulses of coherent acoustic phonons of the flakes was

investigated. The experiments were performed for dif-
ferent flake’s conditions, from supported (deposited on
SiO2 substrate) to free standing conditions. This allo-
wed to study within the time domain, the dynamic
of phonons for both cases. These experiments were
also performed using excitation energies around the
energy of the sample’s A exciton of MoSe2, studding
the effects of resonant phonon generation.
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In this work, we intend to investigate the extent
of information about the size-dependent structure of
nanoparticles from the atomic pair distribution fun-
ction (PDF) method. However, we intend to use the
PDF method in an innovative way. Instead of using x-
ray and neutron powder diffraction data, we will use
electron diffraction data acquired from a conventional
transmission electron microscope (TEM), that we will
call PDFe. We will show results regarding the charac-
terization of reference materials (amorphous Carbon
and gold nanoparticle) in order to establish a proto-
col of characterization and to confront the results ob-
tained by electron diffraction with results (from the
literature) obtained by other scattering techniques.
Another important point of our work is to use the
PDFe to characterize nanoparticles, more specifically,
we performed the accurate determination of atomic-
scale structure and structural defects of Zirconium
Oxide (ZrO2) nanoparticles synthesized by different
sol-gel routes, considering the tetragonal and monocli-
nic phases. The advantages and disadvantages of using
electron diffraction (using a transmission electron mi-
croscope) will also be presented to obtain the PDF.
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Long range interactions in 1D models: po-
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The Pariser-Parr-Pople (PPP) long-range interac-
tion model that correctly describes π-electrons in
polycyclic aromatic hydrocarbons has been numeri-
cally studied on chains. Coulomb interactions extend
correlations well beyond the local term of the Hub-
bard model giving rise to radical differences mainly

at half filling. Exact results for short systems (up
to fourteen sites) have been followed by mean-field
calculations of large chains (up to 1000 sites). Our
analysis is based in the computation of the polari-
zability of the system and its size scaling. We find
that the use of this physical magnitude to characte-
rize finite system is very convenient. It can be preci-
sely obtained from the variation of the ground sta-
te energy by the influence of a static electric field
and provides a robust and friendly tool that directly
measures the wavefunction malleability. In the PPP
model, for finite but large sizes, a almost complete
screening of the external applied electric field is obtai-
ned even when a large charge transfer gap is present.
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2 Weizmann Institute, Israel

E-mail: analia.zwick@gmail.com

Precise probing of quantum systems is one of
the keys to progress in diverse quantum technolo-
gies, including quantum metrology, quantum infor-
mation processing and quantum many-body mani-
pulations. We consider a thermometer modelled by
a dynamically-controlled multilevel quantum system
in contact with a thermal bath. Periodic modulation
of the energy level spacings of our quantum thermo-
meter enables us to dramatically increase the accu-
racy of temperature estimation, as compared to that
obtained using conventional thermometers. Further,
as opposed to the diverging relative error near abso-
lute zero of previously suggested thermometers, dy-
namical control enables our thermometer to measu-
re with high accuracy temperatures arbitrarily close
to the absolute-zero temperature, by maximizing its
quantum Fisher information. Alternatively, dynamical
control may greatly increase the range of temperatu-
res measured, or allow for simultaneous high-precision
measurement of multiple temperatures (of a multimo-
de bath).

99



VI - Low-dimensional systems and nanophysics: nanomaterials and nanotechnology

P-130 PTQ-VI-4

Magnetic properties of (U,Gd)O2 nano-
particles
Tobia D.1, Soldati A. L.2, Fernández Zuvich A.3,
Gana Watkins I.3, Milano J.1, Winkler E.1
1 CONICET - Laboratorio de Resonancias Magnéticas,
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The study of lanthanides and actinides oxides has
attracted a lot of interest in the scientific community
as they present complex electronic structures due to
the interaction between the spin and the different or-
bital degrees of freedom, conferring these materials
unusual and varied properties. Recently, much of the
attention was focused on the production and study
of actinides nanoparticles (NPs), specially regarding
the uranium species, due to their potential applica-
tions in the nuclear energy production. Gd is usually
incorporated into the UO2 nuclear fuel as a burna-
ble poison, because of its high cross section for neu-
tron absorption. However, the fabrication process of
the solid solution (U, Gd)O2 and the amount of Gd
incorporated could affect some physical and chemical
properties, that can eventually alter the proper and
safe performance of this fuel in reactors, as well as the
stability in storage and disposal conditions.
UO2 nanoparticles doped with 4, 8, 10 and 15 wt %
Gd2O3 were synthesized by the “Reverse Strike” co-
precipitation method. A thorough study of the struc-
tural and chemical homogeneity properties was re-
cently conducted [1], indicating that the nanoparticles
have homogenous composition at the micrometer sca-
le. In this work we present a study of the magnetic
properties through magnetization and electron para-
magnetic resonance spectroscopy (EPR) experiments.
Particularly, EPR spectroscopy allows to obtain mi-
croscopic information of the crystalline environment
and spin-lattice relaxation that complements the mag-
netic and structural characterization. The studies sig-
nal the presence of different magnetic interacting me-
chanisms, depending on Gd concentration. We discuss
the influence of the synthesis route, grain size and Gd
concentration on the obtained results.

[1] A. L. Soldati et al., J. Nucl. Mater. 479 (2016) 436-446
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The usual optic bar codes are susceptible to suffer
damages which can lead to difficulties in reading them.
Such information loss can be accidental or intentio-
nal. Additionally, this visible information can be ea-
sily copied and reproduced for purposes different than
the intended ones. These disadvantages are overcome
when the same codification is inscribed on arrays of
magnetic nanowires, where the north and south pole
orientation replace the black and white optical infor-
mation. The present work shows the way to optimize
the durability and reliability of the information sto-
red in magnetic bar codes by controlling the relative
width and other geometrical parameters forming the
bars that store the code. The theoretical calculations
are performed employing algebraic expressions for the
magnetostatic interaction between magnetic nanowi-
res [1] and computational algorithms [2].

[1] E. Cisternas and E. E. Vogel, J. Magn. Magn. Mater.
388 , 35-39 (2015).

[2] E. Cisternas, E. E. Vogel, and J. Faúndez, Adv. Cond.

Matt. Phys. 2017, 4396015 (2017).
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E-mail: gonzalo.a.alvarez@gmail.com

Observing and controlling quantum systems like
photons, electrons or nuclei can be used for storing
and manipulating information in emerging technolo-
gies. These quantum technologies include a new kind
of computers, the so-called quantum computers, which
will be qualitatively faster than the most powerful
computers currently available. These new types of
computers allow the simulation of complex systems
consisting of many components, like biological sys-
tems or other quantum systems. An outstanding cha-
llenge that needs to be overcome for developing these
technologies is that one needs to control many interac-
ting quantum systems. Quantum effects are extremely
sensitive to external perturbations, which cause their
quantum features to disappear extremely rapidly, and
this problem grows quickly with increasing system si-
ze. I will report that the controlled creation of quan-
tum states can show a novel type of phase transition
on the coherent dynamic behavior of the quantum sys-
tem [1]. Using nuclear magnetic resonance (NMR) on
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a solid-state system of spins at room-temperature, we
suddenly turn on (quench) an interaction between the
nuclear spins that starts to correlate them [2,3]. As a
result, the collective system is driven into a quantum
superposition. As time evolves, the number of corre-
lated spins increases and consequently the extent of
the coherent quantum state grows in space. We disco-
vered that depending of the strength of a controlled
external perturbation, the spreading in the space of
the quantum correlations undergoes a transition from
a delocalized ”diffusion”to a localized one. These re-
sults show that in order to controllably create large
quantum states, one needs to reduce the strength of
any perturbation below a given threshold. Only below
this threshold is the observed quantum system free to
expand in space.

[1] G. A. Alvarez, D. Suter, and R. Kaiser. Science 349,
846 (2015).

[2] G. A. Alvarez and D. Suter, Phys. Rev. Lett. 104,
230403 (2010); Phys. Rev. A 84, 012320 (2011).

[3] G. A. Alvarez, R. Kaiser, and D. Suter, Ann. Phys.

(Berlin) 525, 833 (2013).
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Thiol-capped gold nanoparticles (AuNP@SR) are
widely studied and employed in different fields of ba-
sic and applied science. However, it is not always
known in detail the structure and composition of those
NPs. Transmission electron microscopy (TEM) and X-
ray photoelectron spectroscopy (XPS) are two advan-
ced techniques used to characterize nanosystems. It is
known that TEM can damage AuNP given coalescence
of metallic neighbor cores. We determine that coales-
cence only occurs across 100 faces between AuNP@SR
of 1-4 nm in size. At least the faces 100 should be
free of thiolate moieties before cores coalescence. The
main radiation damage mechanism is radiolysis rat-
her than knock-on or temperature. The coalescence
process implies the desorption of capping agent. To
prove that thiol desorption, AuNP capped with do-
decanethiol (DDT)and self-assembled monolayers of
DDT on Au flat surfaces were irradiated with elec-
trons. The chemical changes induced by this irra-
diation were monitored by XPS. The results revea-
led that thiolate moieties desorb as disulfide spe-
cies. The chemical kinetics of this process looks li-
ke a first order reaction. Noticeably, the desorption

is not complete, and a steady state is achieved whe-
re approximately the half of thiolate species still re-
main bonded to the surface. This result is consistent
with the idea of preferential desorption of thiol from
100 faces rather than those bonded to the 111 faces.
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Quantum interference in transport through molecu-
lar devices has attracted interest in the last years [1].
It has been shown that molecular vibrations restore
the conductance in the case of destructive interferen-
ce [2]. We study the conductance through two quasi-
degenerate states of a molecular junction, of opposite
parity, so that they interfere destructively. One of the
levels is coupled to a vibrational mode, and Coulomb
repulsion leads to a zero bias anomaly related to the
Kondo effect. For electron-vibration coupling λ =0,
symmetric coupling of each level to the leads, but not
necessarily equal, and some separation of the levels δ,
the conductance vanishes at zero temperature, and the
low-energy physics corresponds to that of the Kondo
model with emergent SU(4) symmetry [3]. Turning on
λ, the same situation is recovered for another value of
δ. The main effect of the vibration is a lowering of the
effective energy of the level coupled with it and a re-
duction of the SU(4) Kondo temperature at the point
of restored symmetry. A similar situation persists for
more general couplings to the leads.

[1] J. Rincón, K. Hallberg, A. A. Aligia, and S. Rama-
sesha, Phys. Rev. Lett. 103, 266807 (2009) y referencias
alĺı citadas.
[2] R. Härtle, M. Butzin, O. Rubio-Pons, and M. Thoss,
Phys. Rev. Lett. 107, 046802 (2011).

[3] L. Tosi, P. Roura-Bas, and A. A. Aligia, J. Phys.: Con-

dens. Matter 27, 335601 (2015).
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The linear and nonlinear optical susceptibility in
a cylindrical quantum dot (CQD) of AsGa/AsGaAl
with a donor impurity inside under the influence of
a uniform magnetic field applied in the axial direc-
tion of the cylinder is studied theoretically. Using the
variational method, the energies and the wave fun-
ctions of the 1s − like, 2p− − like and 2p+ − like
impurity states were found as a function of its posi-
tion inside of the CQD. It was found that there is
degeneration of the energy of the impurity for the
2p− − like and 2p+ − like states in the absence of
a magnetic field, producing two resonant peaks in the
response for the generation of the second harmonic
for any position of the impurity. This degeneration is
removed only when a magnetic field is applied, indi-
cating a Zeeman effect in the system. Thus the va-
riation of the intensity of the magnetic field allows
tuning the condition of resonance of two photons. It
was also found that the increase in the radial posi-
tion of the impurity produces an increase in the in-
tensity of the peaks of the different optical responses
studied, so a variation of the position of the impurity
in a CQD allows modulating the intensity of the linear
and nonlinear optical response in a nano-structure.
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Penta-graphene (PG) is a recently proposed carbon
allotrope with a lattice structure composed entirely
of buckled pentagons with a two dimensional projec-
tion similar to the Cairo pentagonal tiling. It was first
presented by Zhang et al. in 2015 [1], and its proper-
ties have attracted some attention due to its insula-
ting behavior, with an energy band gap of 2.65 eV
(3.2 eV), based on first principles density functional
theory (DFT) calculations, using a GGA/PBE fun-
ctional (hybrid HSE06 functional) [1]. This make PG
a good candidate for opto-electronics applications. Al-
so, many nanostructured systems based on PG are re-
ported, such as PG nanotubes, PG multilayers, and
PG nano ribbons [2]. However, most of the mentioned
work in PG and related structures has been done with

an ab initio approach and, to our knowlegde, only one
tight binding (TB) model is available in the litera-
ture [3]. Our aim in this work is to present another
TB parametrization for PG, and also for a particular
type of PG nanoribbons (PGNRs), within a Slater-
Koster scheme, with a minimal orthogonal s-p orbital
basis. This model allow us to describe in a reasonable
manner the low energy band structure of PG obtained
by DFT calculations. We also calculated some band
structure for PGNRs, with a particular edge confi-
guration, that serve us to test the reliability of our
parametrization. The major concern for this TB mo-
del is to describe the linear optical response of PG and
PGNRs, thus, we also have calculated the in-plane op-
tical absorption of PG and selected PGNRs, in order
to describe what is obtained by our DFT calculations
in the SIESTA code. We obtain an acceptable agree-
ment between both calculations and we expect this
model could be useful for future analysis of PG na-
nostructures with spatial dimensions where first prin-
ciples calculations are much more computationally ex-
pensive.

[1] S. Zhang, J. Zhouc, Q. Wanga, X. Chend, Y. Kawazoef,
and P. Jenac Proc. Natl. Acad Sci. 47, 18809 (2015).
[2] B. Rajbanshi, S. Sarkar, B. Mandal, and P. Sarkar.
Carbon 100, 118e125, (2016).

[3] T. Stauber, J. I. Beltrán, and J. Schliemann. Sci. Re-

ports, 6 22672 (2016).
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Clay minerals have been employed in a variety of
industrial applications and in environmental reme-
diation. Montmorillonite (MMT) is one of the fre-
quently used clay mineral due to its physical, chemi-
cal properties and because it is environment-friendly.
The MMT structure possesses one alumina octahe-
dral sheet sandwiched between two silica tetrahedral
sheets and is typified by a small amount of isomorp-
hous substitutions in its octahedral sheet of Mg (II)
for Al (III) resulting in a negative charge over the
surface, which is neutralized by sodium and calcium
cations. As a catalyst, MMT is successful in several
reactions and its catalytic activity has been impro-
ved under certain modifications such as acidification
and the exchange of sodium and calcium cations by
transition metal cations. For several decades, MMT
has been used as a support for transition metallic na-
noparticles, for example rhodium, copper, nickel and
silver nanoparticles. On the other hand, isolated iri-
dium atoms have been observed on MgO and FeOx
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supports. In this work we investigate iridium adsor-
ption on MMT and analyze the iridium nanoparticles
obtained. We also performed ab-initio calculations in
order to study the interaction between iridium nano-
particles and MMT.

[*] Work supported by project PAPIIT-UNAM IA107517.
Theoretical calculations carried out at the MIZTLI super-
computing center, UNAM (projects SC16-1-IR-103-MZ0
and LANCAD-UNAM-DGTIC-325-MZ0).
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[2] Jian Lin, Aiqin Wang, Botao Qiao, Xiaoyan Liu, Xiao-
feng Yang, Xiaodong Wang, Jinxia Liang, Jun Li, Jing-
yue Liu, and Tao Zhang. J. Am. Chem. Soc. 2013, 135,
15314?15317.
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Advances, 2013, 3, 13583-13593.

P-286 PTQ-VI-12

Surface effects in α-YNaF4 nanoparticles:
a NMR study
B. de Queiroz T.1, Cabrera-Baez M.2, Menegasso P.2,
Martinez E. D.2, Garćıa-Flores A.2, Urbano R. R.2,
Rettori C.2 1

1 Centro de Ciencias Naturais e Humanas, Universidade

Federal do ABC, Brazil
2 Instituto de F́ısica, UNICAMP, Brasil

E-mail: mcabrera@ifi.unicamp.br

Insulating α-YNaF4 (cubic) nanoparticles with 4 -
20 nm are systematically investigated by high reso-
lution 23Na solid state NMR using single pulse (SP),
spin echo (SE), inversion recovery (IR) and 3Q-MAS
experiments. IR spectra show a broad peak around -19
ppm with a shoulder clearly defined around -11ppm.
As evolution time made, the peak at -11 ppm becomes
more pronounced in comparison to the other eviden-
cing a shorter spin-lattice relaxation time of this peak
and was confirmed in all of the measured nanoparti-
cles. After a careful deconvolution of these two peaks,
the intensity as a function of intra-pulse delay time
reveals that the signal at -11 ppm have a spin-lattice
time around 0.02 s, while the signals at -19 ppm give
times in order of 0.3 s in all nanoparticles. It is worth
noting that quadrupole nuclei present long spin-lattice
relaxation times in highly symmetric sites and short
relaxation times in low symmetric sites due to the en-
hanced intensity electric field gradient [2], therefore is
reasonable to think that signals due to low symmetric
sites are the Na atoms present on the nanoparticles
surfaces (loss of the periodicity). The above results
are also supported by 3Q-MAS maps for all nanopar-
ticles. To quantify the ratio between surface Na and
bulk Na, we consider a layer of 2Å as a disordered la-
yer in the surface of the nanoparticles to estimate the
particle sizes giving results in a good agreement with
DRX and TEM estimative. With this, NMR can probe

different Na sites and characterize them giving a fun-
damental microscopical basis for associated materials
with technological applications like a β-YNaF4 hexa-
gonal nanoparticles, up-conversion host systems [3].

[1] A. Aebischer, et al, Angew. Chem. Int. Ed. 45, 2802
-2806 (2006).
[2] A. A. Arnold, et al, J. Phys. Chem. C 117, 25733-25741
(2013).

[3] D. Tu, et al, Angew. Chem. 125, 1166 -1171 (2013).
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This work provides details on the synthesis of
α − Fe2O3 nanostructures using a simple chemical
method with the addition of sucrose. Samples we-
re analyzed through X-ray diffraction (XRD), high-
resolution transmission electronic microscopy (HR-
TEM), and magnetic measurements as a function of
temperature and field. XRD results show a preferen-
tial growth on the [110] crystallographic direction for
sample with 10mmol of sucrose being confirmed by
HRTEM.The HRTEM results also reveal that the as-
synthesized sample (without sucrose) exhibited non-
uniformity particles, differently from sample synthe-
sized with addition of sucrose, in which it shows a
faceted-like and rod shapes to depend of the sucro-
se concentration. Finally, the parameters extracted
from fits of magnetization curve are consistent with
a strong increase of the effective magnetic anisotropy
constant, Keff , which can be related with the in-
creasing of the contribution of shape magnetic aniso-
tropy. These results also show that it is possible to
tune the particles morphologies using the sucrose.
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E-mail: alejandro.leon@udp.cl

The beta-graphyne is a class of graphyne that pre-
sents an interesting difference from other graphyne
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shapes. The Dirac cone is not located in a point of
high-symmetry in reciprocal space [1]. In this work we
perform a theoretical study of the electronic and opti-
cal properties of nanostructures formed by two beta-
graphyne ribbons in different stacking configurations.
The electronic properties of the systems are obtai-
ned using the density functional theory (DFT) codes
OpenMX and Siesta [2-3], which are based on localized
pseudoatomic orbitals (PAOs) and norm-conserving
pseudopotentials. All structures are relaxed using the
Direct Inversion Iterative Subspace method. Our re-
sults show that these systems have interesting elec-
tronic properties, depending on the stacking and the
structure and width of the ribbon edges. We calcula-
te the dielectric function, reflectivity, and absorption
coefficient under different light polarizations. We show
that the beta-graphyne nanostructures exhibit a wi-
de frequency range of optical response which strongly
depends on the photon polarization.

[1] R.H. Baughman, H. Eckhardt, M. Kertesz, J. Chem.
Phys. 87 (1987) 6687; M.M. Haley, S.C. Brand, J.J. Pak,
Angew. Chem. Int. Ed. 36 (1997) 835.
[2] http://www.openmx-square.org.

[3] J.M. Soler, et .al. Journal of Physics Condensed Matter,

14(11): 2745-2780, 2002.
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3 Facultad de Ciencias Qúımicas - Universidad Nacional

de Córdoba
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In recent years there has been increasing excitement
regarding nanomotors and particularly current-driven
nanomotors.1 Despite the broad variety of stimulating
results found, the regime of strong Coulomb interac-
tions has not been fully explored for this application.
Here we consider nanoelectromechanical devices com-
posed of a set of coupled quantum dots interacting
with mechanical degrees of freedom taken in the adia-
batic limit and weakly coupled to electronic reservoirs.
We use a real-time diagrammatic approach2 to deri-
ve general expressions for the current-induced forces,
friction coefficients, and zero-frequency force noise in
the Coulomb blockade regime of transport. We prove
our expressions obey Onsager’s reciprocity relations
and the fluctuation-dissipation theorem for the energy
dissipation of the mechanical modes. The obtained re-
sults are illustrated with a nanomotor consisting of a
double quantum dot capacitively coupled to rotating
charges. We discuss the dynamics and performance of
the motor as a function of the applied voltage and

loading force for trajectories encircling different triple
points in the charge stability diagram.

[1] R. A. Bustos-Marún, G. Refael, and F. von Oppen,
Adiabatic quantum motors, Phys. Rev. Lett. 111, 060802
(2013).

[2] J. Splettstoesser, M. Governale, J. König, and R.

Fazio, Adiabatic pumping through a quantum dot with

Coulomb interactions: A perturbation expansion in the

tunnel coupling, Phys. Rev. B 74, 085305 (2006).
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Over the last years, two-dimensional materials ha-
ve attracted considerable interest due to the fact that
they offer a new broad playground to explore and de-
velop nanoscale devices with tailored electrical, opti-
cal and thermal properties. In this sense, the thermal
conductivity (κ), thermal rectification (η), and Ka-
pitza resistance (RK) become the measurable physical
quantities that characterizes the thermal transport th-
rough these systems. It has also been reported that the
interface between nanoribbons plays an important role
for heat transfer [1−3]. In the present work, we inves-
tigate the temperature dependence (T= 100-700 K)
of κ, η, and RK in Graphene/X (X=hBN, hSiC, and
Graphane) nanoribbon heterojunctions with armchair
and zigzag interfaces [1, 2]. To do this, non-equilibrium
molecular dynamics simulations were carried out by
using LAMMPS package. The results show that κ and
η are strongly influenced by the system temperature.
For instance, at T=100 K, takes its maximum value
of 78 %, 13 %, and 50 % for interfaces made of hBN,
hSiC, and Graphane, respectively. Moreover, η and
RK decrease when the temperature increases up to
700 K. κ shows a value of 100, 50 and 50 W/m-K for
hBN, hSiC, and Graphane interfaces at T= 700 K,
respectively. The effect of the temperature bias bet-
ween the heat baths on the thermal rectification has
also been studied.
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In this work we present a study of dipolar interac-
tions in a magnetosome-like nanoparticle system, and
their influence on hyperthermia experiments. We ha-
ve modeled the system as a collection of identical na-
noparticles arranged along randomly-oriented chains.
We assume that the effective field felt by a particle is
mainly given by the interaction with other particles
in the same chain. Due to the morphological charac-
teristics of the samples, we have considered only Néel
relaxation as the mechanism of energy absorption, dis-
carding Brown relaxation mechanism. The magnetic
behavior of the particles is described by a previous mo-
del[1] that considers the effects of temperature, as well
as the frequency of the field swept in the experiment.
In this model, which goes beyond the description of
the linear response theory[2], the magnetic field is co-
rrected considering interparticle interactions. We have
studied the parallel and perpendicular components of
the dipolar magnetic field regarding the external one.
Our simulations showed that the particles correspon-
ding to the ends of the chains feel effects due to the
dipolar interactions different than those that the par-
ticles in the central part of the chains feel. This, in
fact, implies important effects, which can be tuned,
concerning the hysteresis of each nanoparticle and hy-
perthermia, as we have discussed in the conclusions of
this work. One of the most important conclusions is
the fact that the dipolar interaction in these kind of
systems can help to improve the hyperthermia signi-
ficantly for nanoparticle systems which can originally
be far from the ideal conditions for hyperthermia ex-
periments.

[1] De Biasi E, Zysler R D, Ramos C A and Knobel M
2008 A new model to describe the crossover from super-
paramagnetic to blocked magnetic nanoparticles J. Magn.
Magn. Mater. 320 e312-5

[2] Rosensweig R E 2002 Heating magnetic fluid with al-

ternating magnetic field J. Magn. Magn. Mater. 252 370-4
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Solid materials are subject to electrochemical pro-
cesses for insertion and extraction of ions, in Li-
ion batteries. However, the use of solids for deve-
loping components of electrochemical cells is very
promising: their potential window is larger at the
electrode-electrolyte interfaces, compared to those on
liquid-ionic electrolytes. The solid state materials are
more stable; unfortunately, the energy required to
move ions in the electrostatic field, generated by
the solid electrolyte structure, rises. Moreover, the
electrode-electrolyte interface contributes to the resis-
tance growth, playing against the ions flow. Si and Ge
nanowires could solve this problem, those have exce-
llent physical and chemical properties to be used as Li-
ion batteries’ anodes. Besides, perovskites like LaTiO3

are solid-state electrolytes that guarantee stability at
the electrode-electrolyte interface and offer ionic con-
ductivity values similar to those for liquid electrolytes,
due to the Li ions’ mobility through the structure va-
cancies. In this context, for this work we studied the
influence, on the electronic properties, of the quantum
confinement as well as the electrode-electrolyte inter-
action. The electrode-electrolyte interface was mode-
led using Si and Ge nanowires (with different dia-
meters and grown along the [111] or [001] crystallo-
graphic directions) which lay down on a thin layer of
the LaTiO3 compound. The diamond-like structured
nanowires’ surface was partially passivated using hy-
drogen atoms, except (some cases) the atoms which
could interact with the perovskite electrolyte. The
thermodynamic and chemical stabilities of these sys-
tems were studied in the Density Functional Theory
scheme, with the Generalized Gradient Approxima-
tion, as implemented in the CASTEP code. The re-
sults show that the nanowires’ deposition on the layers
modify the cross section geometry of the nanowires,
the perovskite layers suffer a great distortion (notable
on its octahedra) and the couple’s electronic behavior
is metallic.
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We present a theoretical investigation of electronic
and topological properties of several proposed and ex-
perimentally realized 2D hexagonal metal-organic fra-
meworks (MOFs) through ab initio and tight-binding
calculations. We introduce a five-band tight-binding
model [1] that describes the electronic structure of the
investigated materials near the Fermi level to a quan-
titative level, including the spin-orbit coupling. We al-
so present ab initio calculations that show [2] that the
band structures of several of the investigated materials
are strongly affected by the partial inclusion of exact
exchange terms in the exchange-correlation potential,
primarily for those materials with a strong contribu-
tion of d electrons on the bands near the Fermi level.
We also show that the presence of metal atoms on the
structures of the MOFs lead to spin-orbit coupling
induced band gaps, and that the magnitude of the-
se gaps can be enlarged by more than 5 times with
appropriate choices of the metal centers. Finally, we
show [3] that the band structure of bilayer systems
constructed by the stacking of the MOFs M3C12S12

(M = Ni and Pt) is a realization of the Kane and
Mele model for topological insulating graphene with
a large spin-orbit gap.

[1] O. J. Silveira et al., J. Phys. Chem. C 2016, 120, 19796.
[2] O. J. Silveira and H. Chacham, J. Phys.: Condens. Mat-
ter 2017, 29, 09LT01.

[3] O. J. Silveira et al., J. Phys.: Condens. Matter 2017,

29, 465502
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The nucleation of nanocrystalline vortex matter
with a large surface-to-volume vortex ratio in micron-
sized superconducting samples opens the possibility of
studying the influence of surface effects on its magne-
tic properties. For instance, theoretical studies predict
that the penetration and depinning fields for vorti-
ces in d-wave superconductors is altered by fermionic

Andreev-bound states appearing at the sample sur-
face. These states, that can exist at zero excitation
energy depending on the relative orientation of the
the sample-surface to the d-wave gap function, gene-
rate an anomalous Meissner current running opposi-
te to the supercurrents. The Bean-Livingston surfa-
ce barrier limiting vortex entry at intermediate tem-
peratures is altered by these surface states and as a
consequence the penetration field Hp depends on the
orientation of the surface of the sample to the d-wave
superconducting order parameter. An experimental
study indeed detected a tiny crystal-orientation de-
pendence of Hp in relatively macroscopic samples.
In this work we study vortex nanocrystals with 10-
1 % surface-to-volume vortex ratio nucleated in cu-
boid Bi2Sr2CaCu2O8−δ samples of 50 to 20µm width
and roughly 2µm thickness (see Fig. 1). The enginee-
ring method we use allowed us to generate two sets of
micro-cuboids, one with the edges aligned along the
nodal and another along the anti-nodal d-wave order
parameter directions. By means of Hall probe mag-
netometers with active areas of 16× 16µm2 we mea-
sure local dc and ac-magnetization. We detect that
the penetration field is enhanced when the edges of
the micro-cuboids are parallel to the nodal direction
of the d-wave order parameter. This result, in agree-
ment with the theoretical predictions, has only been
detected thanks to the combination of low-noise local
magnetic techniques and the nucleation of vortex na-
nocrystals with a significant surface-to-volume vortex
ratio.
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Quantum phase transitions build up one of the sce-
narios for the emergence of non-Fermi liquid (NFL)
behavior in electronic systems, driven by the strong
competence between quantum fluctuations of the two
distinct phases close to the critical point. In this work,
we solve a S = 1 Anderson impurity model with
single-ion anisotropy D, coupled to two degenerate
conduction bands, using the numerical renormaliza-
tion group. At a critical anisotropy Dc > 0, we find a
quantum phase transition between two regular Fermi
liquid phases: for D < Dc the impurity is Kondo scree-
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ned, while, for D > Dc. the impurity magnetic degree
of freedom is quenched by the anisotropy. Surprisingly,
the Fermi liquids are separated by a NFL region, who-
se behavior corresponds to a two-channel Kondo ef-
fect, as we have been able to characterize it through
an analysis of entropy and electrical conductance. In
addition, the two Fermi liquids are differentiated topo-
logically by the value that the integral IL, related with
Luttinger theorem, takes in each one of them: IL = 0
for D < Dc and the non-trivial IL = π/2 for D > Dc.
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In this paper we report the computation for the non-
linear optical rectification and the second and third
harmonic generation for an asymmetric double Si-δ-
doped quantum well potential profile in a GaAs ma-
trix when this is subjected to an in-plane constant
magnetic field effect. Calculations are considering the
parabolic term for the magnetic field induction B
and also the linear term, which is proportional to B
and depends on the wavenumber ky. We are working
in the effective mass and parabolic band approxima-
tions in order to compute the electronic structure for
the system by using a diagonalization procedure. The
nonlinear optical susceptibilities are those that resul-
ted from the compact matrix density formulation. In

particular, in this work we consider the terms χ
(2)
0 ,

χ
(2)
2ω , and χ

(3)
3ω for the electronic polarization expan-

sion, that stands for the nonlinear optical rectifica-
tion, second harmonic generation, and third harmo-
nic generation, respectively. In general we can con-
clude that this asymmetric double δ-doped quantum
well potential profile exhibits magnetic field depen-
dent —including ky-effects— nonlinear optical recti-
fication and second and third harmonic generation,
and that these optical properties can be easily contro-
lled by the in-plane externally applied magnetic field.
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In this poster we will present the design of a new
type of memristor developed using microfabrication
techniques on thin films. Its operation is based on ex-
ploiting the intrinsically remanent behavior of a fe-
rroelectric when subjected to an electric field, in or-
der to disturb the conduction state of a sensitive film.
Due to the interaction between both materials and the
geometry used, a remanent response is induced in the
resistivity of the sensor, in the same way as one would
expect from a memristor. This development was pre-
sented to INPI for patenting. In order to verify the
effectiveness of the development, a device using a Ba-
rium Titanate film as ferroelectric and a conduction
channel of Lanthanum-Barium Oxide as sensor was
designed, manufactured and characterized. It will be
explained in detail how the interactions give rise to a
memristor-like operation, the manufacturing process
used will be described and results of the measurements
will be shown.
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The room temperature photoluminescence from
ZnO/MgO core/shell nanowires (NWs) grown by a
simple two-step vapor transport method was studied
for various MgO shell widths (w). Two distinct ef-
fects induced by the MgO shell were clearly identified.
The first one, related to the ZnO/MgO interface for-
mation, is evidenced by strong enhancements of the
zero-phonon and first phonon replica of the excitonic
emission, which are accompanied by a total suppres-
sion of its second phonon replica. This effect can be
explained by the reduction of the band bending within
the ZnO NW core that follows the removal of atmosp-
heric adsorbates and associated surface traps during
the MgO growth process on one hand, and a reduced
exciton-phonon coupling as a result of the mechanical
stabilization of the outermost ZnO NW monolayers
by the MgO shell on the other hand. The second ef-
fect is the gradual increase of the excitonic emission
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and decrease in the defect related emission by up to
two and one orders of magnitude, respectively, when
w is increased in the 3-17nm range. Uniaxial strain
build-up within the ZnO NW core with increasing w,
as detected by x-ray diffraction measurements, and
photocarrier tunneling escape from the ZnO core th-
rough the MgO shell enabled by defect-states are pro-
posed as possible mechanisms involved in this effect.
These findings are expected to be of key significance
for the efficient design and fabrication of ZnO/MgO
NW heterostructures and optoelectronic devices.
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In this work we present results of the study perfor-
med in Pt clusters doped with a Fe impurity, the sizes
considered in this study are 12 and 13 atoms, the re-
sults show that the total magnetization of the binary
clusters is greater than the magnetization of the co-
rresponding pure Pt clusters. The ferromagnetic order
in the structure is ferromagnetic-like and the structu-
res no present any geometrical symmetry, in particular
for binary clusters of 13 atoms, previous results show
that the ground state no present core@shell geometri-
cal arrangements as in most of nanoalloys containing
Fe, for example Fe-Au[1] and Fe-Ag[2]. The study was
performed using DFT techniques as implemented in
VASP code. The Kohn-Sham equations are solved in-
to the Plane Augmented Wave method. We present
the global minimum structures and the two first iso-
mers, the total magnetization, the binding energy per
atom and the local magnetic moments.

[1] E.E. Carpenter, J. Magn. Magn. Mater., 225, 17(2001).

[2] L. Lu, W. Zhang, D. Wang et al, Mater. Lett., 64,

1732(2010).
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Titanates of lead, transition and rare earth metals
have become favorite objects of investigation due to
their applications in electromagnetic devices as ma-
terials with controllable dielectric characteristics. The

nanocomosite samples of the titanates have been synt-
hesized and their microwave dielectric properties have
been investigated. The lattice packages of SiO2 opal
submicron spheres serve as matrices for preparation
of nanocomposite titanates. Ferroelectric substances
were impregnated in the inter-spherical nano-voids by
liquid-phase method. The particles of introduced pha-
ses have polycrystalline structure, irregular shape and
they sized from 5 to 70 nm. Microwave measurements
were carried out in frequency range from 12 to 38 GHz
using TE10 mode of the conventional rectangular wa-
veguides. Samples were placed inside the waveguide
and the transmission D and the reflection R coeffi-
cients were measured. All microwave measurements
were performed at room temperature. The complex
dielectric permittivity has been retrieved from the
modules of coefficients. The highest values of micro-
wave dielectric permittivity, losses were observed in
the composite with Pr2Ti2O7 nanoparticles. Dielec-
tric and conductivity spectra of the opal-based nano-
composites are typical for conductor-dielectric com-
posites with the concentration of a conductive phase
above, near or below the percolation threshold. They
can be described by Cole-Cole relaxations and Dru-
de conductivity. The low-frequency conductivity pla-
teau observed for compositions above the percolation
threshold is attributed to the filler network conducti-
vity in percolated clusters. The power-law dispersion
of conductivity and dielectric permittivity, characteri-
zing response of composites in the microwave, is rela-
ted to the AC conductivity in finite clusters of filler.
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The successful use of graphene nano-ribbons (GNR)
in a variety of applications in nano-electronics depends
not only on a reliable control of their forbidden gaps
([1],[2]), but also on the understanding of the effects
that contacts to leads may have on their conductance
G. By combining Landauer’s formalism and a simpli-
fied version of the embedded cluster method, G th-
rough suspended 9-AGNR has been calculated as a
function of energy and the strength of the contact
between the ribbon and leads attached to both zig-
zag edges. Green’s functions of contacted ribbons have
been derived from UHF non-spin polarised solutions of
the Pariser-Parr-Pople Hamiltonian. It is shown that
the G associated to the two quasi-degenerate states
around the Fermi level that are strongly localised at
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the zig-zag edges, equals a conductance quantum G0
for very weak leads-ribbon coupling, decreasing to ze-
ro as that coupling increases. At the Fermi level G is
zero for small coupling, increasing up to G0 for a va-
lue of coupling that depends on the GNR length, and,
finally, decreasing to zero for large coupling. Other
levels show a more standard behavior. These results
illustrate the difficulties that may be found in explo-
ring practical uses of GNR.

[1] A.H. Castro Neto, F. Guinea, N.M.R. Peres et al., Rev.
Mod. Phys. 81, 109 (2009) and referencestherein.

[2] S. Das Sarma, S. Adam, E.H. Hwan et al., Rev Mod.

Phys. 83, 407 (2011) and references therein.
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A universal approach to decoherence control com-
bined with quantum estimation theory reveals a cri-
tical behavior, akin to a phase-transition, of the in-
formation obtainable by a qubit-probe concerning the
memory time of environmental fluctuations of a ge-
neralized Ornstein-Uhlenbeck processes. The critica-
lity emerges only when the probe is subject to suita-
ble dynamical control aimed at inferring the memory-
time. A sharp transition is anticipated between two
dynamical phases characterized by either a short or
long memory-time compared to the probing-time.
This phase-transition of the environmental informa-
tion is a fundamental feature that characterizes open
quantum-system dynamics and is important for attai-
ning the highest estimation precision of the environ-
ment memory-time under experimental limitations.
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It is shown here that the Exact Exchange (EE) for-
malism [1] provides a natural and rigorous approach

for a Density Functional Theory (DFT) of the Inte-
ger Quantum Hall Effect (IQHE) [2]. Application of a
novel EE method to a quasi two-dimensional electron
gas (q2DEG) subjected to a perpendicular magnetic
field leads to the following main findings [3]: i) the
microscopic exchange energy functional of the IQHE
has been obtained, whose main feature being that it
minimizes with a discontinuous derivative at every in-
teger filling factor ν; ii) an analytical solution is found
for the magnetic-field dependent EE potential, in the
one-subband regime; iii) as a consequence of i), the
EE potential display sharp discontinuities at every in-
teger ν; and iv) the widely used Local Spin Density
Approximation (LSDA) is strongly violated for filling
factors close to integer values.

[1] T. Grabo, T. Kreibich, S. Kurth, and E. K. U. Gross, in
Strong Coulomb Interactions in Electronic Structure Cal-
culations: Beyond the Local Density Approximation, edi-
ted by V. I. Anisimov (Gordon and Breach, Amsterdam,
2000).
[2] J. Weis and K. von Klitzing, Phil. Trans. R. Soc. A
369, 3954 (2011).

[3] D. Miravet, G. J. Ferreira, and C. R. Proetto, Europhy-

sics Letters (in press).
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Ceramic polycrystalline Pb(Zr,Ti)O3 is the prototy-
pical ferroelectric workhorse, exploited for its perma-
nent dipole moment and its nonlinear susceptibility,
but even more widely for its pyroelectric and piezo-
electric response. However, there has been a drive for
many years to find a replacement that does not intro-
duce as much Pb into the environment, and to find es-
pecially strained nanostructures with stronger respon-
ses. Raman spectroscopy provides a convenient and
fast technique for delineating the structural phase dia-
grams of these materials, based on the commonly very
strong and clear changes to the spectra consequent on
structural phase transitions. I will briefly outline the
basic descriptions that can identify the phase chan-
ges and the characters of the structural changes that
occur, and go on to illustrate their application to seve-
ral systems: (i) reversible and hysteretic transitions in
Pb-free crystals and ceramics,[1] (ii) structural transi-
tions under biaxial stress in epitaxial thin films[2] and
(iii) an enormous enhancement of the transition tem-
perature and piezoelectric response in strongly tensile-
strained (i.e. negative-pressure) cores in freestanding
core-shell nanowires.[3]
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[1] B. Wylie-van Eerd et al, Phys. Rev. B 82, 104112
(2010), H.J. Trodahl et al, Appl. Phys. Lett. 93, 262901
(2008), E.-M. Anton et al J. Materials Research 27, 2466
(2012).

[2] T. Yamada et al, Phys. Rev. B 91, 214101 (2015).

[3] J. Wang et al, Nature Materials 14, 985 (2015).
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Nanoparticles (NPs) exhibit novel physical and che-
mical properties that differ significantly from their
counterpart bulk materials. Concerning thermodyna-
mic properties, there are still fundamental questions
not yet resolved. Anomalous behaviors in NP ther-
modynamic properties were reported, such as devia-
tions from the Debye law of the specific heat and ne-
gative thermal expansion [1, 2]. The Debye tempera-
ture (θD) is a fundamental property, closely related
to changes in the vibrational properties and specific
heat. For capped Pt NPs θD was measured by ex-
tended X-ray absorption fine structure, leading to va-
lues higher than for the bulk [3]. For subnanometer
Pt NPs (0,9± 0,2 nm and Navg ∼ 16 atoms) suppor-
ted on Al2O3 experimental studies based X-ray ab-
sorption spectroscopy exhibit marked contractions of
the Pt-Pt bond distances with respect to the bulk ,
and a negative thermal expansion of the interatomic
distances [2]. The surface atom contraction and the
interaction of the Pt atoms with capping molecules
or support, were indicated as possible reasons to ex-
plain these anomalous behaviors. As a first step to
investigate these problems, in this work we calculate
ab initio the thermodynamic properties of isolated Pt
NPs for sizes between 13-55 atoms. We expect to shed
some light on the problem by considering only the in-
trinsic effects of the small dimension of NPs. From
the determined NPs equilibrium geometries, we eva-
luate their vibrational density of states (VDOS), and
the specific heat. The thermal evolution of the ave-
rage interatomic distances is determined by ab initio
molecular dynamics. We find that the relaxed inter-
atomic distances are reduced with respect to the bulk
ones. The VDOS present discrete states giving rise to
deviations from the typical Debye model of the speci-
fic heat at low temperatures. Estimated θD are lower
than for the solid.

[1] H.E. Sauceda et al., J. Phys. Chem. C 117 25160
(2013).
[2] L. J. Giovanetti et al., Phys. Chem. C 111 7599 (2007).

[3] S.I. Sanchez et al., J. Am. Chem. Soc. 131 7040 (2009).
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We have investigated the energetic stability and the
electronic properties of metal-organic topological in-
sulator bilayers (BLs), (MC4S4)3 BL, with M = Ni
and Pt, using first-principles calculations and tight-
binding model. Our findings show that (MC4S4)3
BL is an appealing platform to perform electronic
band structure engineering, based on the topologi-
cally protected chiral edge states. The energetic sta-
bility of the BLs is ruled by van der Waals interac-
tions, the AA stacking being the energetically most
stable one. The electronic band structure is charac-
terized by a combination of bonding and antibon-
ding kagome band sets, revealing that (NiC4S4)3 BL
presents a Z2 -metallic phase, whereas (PtC4S4)3
BL may present Z2 -metallic phase or quantum spin
Hall phase. Those nontrivial topological states we-
re confirmed by the formation of chiral edge states
in (MC4S4)3 BL nanoribbons. We show that the lo-
calization of the edge states can be controlled with
a normal external electric field, breaking the mirror
symmetry. Hence, the sign of electric field selects in
which layer each set of edge states are located. Such
a control on the (layer) localization of the topologi-
cal edge states brings us an additional and interesting
degree of freedom to control the transport proper-
ties in layered metal-organic topological insulators.
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Twisted light (TL) is light having a helical wave
front. Such light exhibits several interesting features:
Due to the azimuthal phase dependence a phase sin-
gularity occurs at the beam axis, leading to the na-
me optical vortex. Furthermore, in addition to spin
angular momentum (SAM) associated with the han-
dedness of circular polarization, such light fields carry
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orbital angular momentum (OAM). Depending on the
combination of SAM and OAM, TL beams may have
strong field components along the propagation direc-
tion or strong magnetic field close to the beam axis.
The research in TL spans nowadays several areas of
fundamental and applied physics [1].

Of particular interest is the interaction of a TL
beam with matter, which opens up the possibility to
address unusual transitions [2-3]. In this paper we fo-
cus on the interaction of TL with a semiconductor
quantum dot (QD). QDs are discussed for many appli-
cations in optoelectronics and spintronics which, ho-
wever, requires a precise control of the optically ex-
cited states. Here we will show that the interaction
of a QD with TL having a strong magnetic compo-
nent may be used for the excitation of specific light-
hole (LH) excitons, which cannot easily be addressed
by conventional Gaussian beams or even twisted light
with dominant electric fields.

[1] D L Andrews, Structured light and its applications:
An introduction to phase-structured beams and nanoscale
optical forces (Academic Press), 2008
[2] G F Quinteiro, D E Reiter and T Kuhn Phys. Rev. A
91 033808, 2015

[3] G F Quinteiro, D E Reiter and T Kuhn Phys. Rev. A

95 012106, 2017
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We study low-width N zigzag graphene nanorib-
bons (ZGNRs), employing a tight-binding Hamilto-
nian and taking into account nearest-neighbor hop-
ping (NN) and third-neighbor hopping (N3) [1], [2],
[3]. We calculate the band structure and the density
of states, and employing the Landauer-Buttiker for-
malism we calculate the conductance of a ZGNR two-
terminal device as a function of the hopping tc that
connects the central cell to the leads. We show that the
system can be tuned to an insulator-metal transition,
with the conductance at the Fermi energy exhibiting
a staircase behavior as a function of tc. We also show
that for N <∼ 7, due to N3 hopping, these ZGNRs do
not develop magnetic order at their edges.

When NN and N3 hopping have the same sign, the
net effect of the inclusion of N3 hopping is to produce
a braiding of the conduction and valence bands, ge-
nerating Dirac cones for non-commensurate wave vec-

tors ~k. New conductance channels are open, and the
conductance at the Fermi energy assumes integer mul-
tiples of the quantum conductance unit Go = 2e2/~.
When NN and N3 hopping have opposite signs, an in-
sulator phase that presents a kind of Lifshitz insulator-

metal transition can be obtained, where the topology
of the Fermi surface changes in a discrete way, with
the gap decreasing logarithmically with the increase
of N , tending asymptotically to a band metal.

[1] S. Kivelson and O. L. Chapman, Phys. Rev. B 28, 7236
(1983).
[2] G. Karakonstantakis, et al. Phys. Rev. B 88, 224512
(2013).

[3] P. Schmitteckert, et al. The Journal of Chemical Phy-

sics 146, 092320 (2017).
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We study a LiCs strongly-interacting molecular gas
loaded into an one-dimensional optical lattice at quar-
ter filling. The molecules are in the lowest electro-
nic and vibrational state, X 1? (? = 0). Due to the
large intermolecular distance and low filling, dipole-
dipole interaction in the nearest-neighbor approxima-
tion governs the dynamics of the rotational excita-
tions. For low DC electric field strengths, the full set
of rotational levels N = 0, 1 must be taken into ac-
count, nevertheless, our calculations show that very
weak fields act as field-selectors disclosing two- and
three-level systems out of the original four-level one.
The dynamics and the generated von Neumann en-
tanglement entropy among the internal rotational sta-
tes throughout the evolution are presented for low,
moderate and strong fields . We observe a sharp
and monotonous growth of the entanglement as the
dynamics take place showing the potential of these
molecular systems to be used in quantum informa-
tion protocols. The numerical simulations are per-
formed by means of the Time-Evolving Block Deci-
mation algorithm based on the Matrix Product Sta-
te formalism and the Susuki-Trotter decomposition.
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Alternating layers composed of superconducting
and dielectric materials can exhibit properties of pho-
tonic crystal [1, 2]. This type of super lattice structure,
according to theoretical studies, presents a behavior
in the visible region of the electromagnetic spectrum
not fully understood but with promising optoelectro-
nic applications. We deposited YBa2Cu3O7/BaTiO3

(YBCO/BTO) multilayers on (001) SrTiO3 (STO)
substrate at high oxygen pressures by the DC and RF
sputtering technique, respectively, where the number
(n) of bilayers was varied systematically. The samples
were characterized by X-ray diffraction and resistance
as a function of temperature. X-ray diffraction (XRD)
indicates a textured growth of the multilayers with
the Bragg peaks associated with the direction (00l) of
the YBCO and the BTO layers perpendicular to the
surface of the substrate. The electrical characteriza-
tion allowed establishing a transition temperature of
∼ 85K for the YBCO, while in the bilayer (YBCO
/ BTO)1 was ∼ 70K. In multilayers, we studied the
optical properties at temperatures below of supercon-
ductor transition. The optical measurements was done
using a supercontinuous laser, in the range of 200-1200
nm, determining the reflectance of the material at dif-
ferent temperatures. These optical measurements ha-
ve shown signs of the presence of reflection intensities
in the ranges between 300-400 and 600-800 nm. Our
interest is to study the dependence of the position and
width of the reflection pattern with the number of bi-
layers (YBCO / BTO)n. These results will allow the
identification of this YBa2Cu3O7/BaTiO3 system as
a unidimensional photonic crystal.

[1] E. Yablonovitch, Phys. Rev. Lett. 58, 2059, (1987).

[2] S. John, Phys. Rev. Lett. 58, 2486, (1987).
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We study an ensemble of polar molecules loaded
on a 1D optical lattice in the Mott insulator regime,
allowing one molecule per site. The trapping strength

of the periodic array is one experimental parameter
to control the system. Another parameter can be in-
troduced by applying an external DC electric field.
In the weak field regime, the rotational states N
with projections m = 0 couple to each other pre-
serving the selection rule ∆N ± 1. The field-free ro-
tational states are eigenstates of the rigid rotor Ha-
miltonian, nevertheless, they are not the appropria-
te basis to study the system. Hence, we analyze the
effect of the field on the field-dressed rotational sta-
tes that enables us to determine the single-molecule
rotational splitting necessary to obtain the on-site
excitation energy. We present the rotational split-
ting for several alkali polar molecules as a function
of the DC field strength parameter, in the relevant
case of a field perpendicular to the one-dimensional
array, paving the way for the quantum control
of collective rotational excitations by changing the
strength and orientation of the external electric field.
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In the frame of axion electrodynamics, a Green fun-
ction formalism is developed for treating the interac-
tion of an electromagnetic wave with the rough surface
of a semi-infinite doped topological insulator. Explicit
expressions for the components of the photon propa-
gator are obtained, which take into account the non
trivial topology induced by the presence of a non ze-
ro topological parameter. This formalism is applied to
the determination of the cross sections for the scatte-
ring of TE and TM electromagnetic waves by the sur-
face roughness. It is shown that the scattering cross
section of incident radiation of a given polarization
contains contributions which are quadratic functions
of the root-mean-square deviation of the rough sur-
face from a perfect plane and are linear functions of
the topological parameter jump across the surface.
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The hafnium oxide is a material with high dielectric
constant (ε ≈ 22), and a band gap nearly 5.7 eV. Ad-
ditionally, this material presents resistive switching ef-
fect and it is possible to deposit it on silicon. The later
permits its use in micro and nano electronics appli-
cations, especially in storage information (ReRAM),
which is a possible applications for systems based on
resistive switching effect. We grew HfO2 thin films
with different thickness on Pt/TiO2/SiO2/Si, using
the magnetron RF sputtering deposition technique in
an oxygen atmosphere with 10−1 mbar pressure and
temperature substrate of 550◦C. The thin films were
characterized through X ray diffraction (XRD), ato-
mic force microscopy (AFM) and voltages current cur-
ves (I-V) by the two points method with the Keithley
2450 Source Meter. We identified the characteristic
peaks of the platinum and HfO2 thin film for all sam-
ples, for the latter we noticed no impurity, neither ad-
ditional phases. A statistical analysis was performed
in order to obtain the average roughness, the correla-
tion length, the roughness coefficient and the depen-
dence with HfO2 thickness. The I-V curves allowed us
to identify the mechanism of electrical conduction in
the samples and how it is related with the roughness
in the surface of the film. We obtained a 30 % dif-
ference among the states of the samples with 120 nm
and 155 nm. Whereas, in the samples with the smaller
thickness, had just a 10 % difference.

[1] R. Waser. et al. Journal of nanoscience and nanotech-

nology, 12, p7628 (2012).

[2] W. J. Zhu, et al. IEEE electron device lett. 23, p97

(2002).

[3] M. A. Villena et al., J. Appl. Phys. 114, p144505 (2013)
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Systems which include Majorana-like zero-energy
excitations are gaining great deal of attention becau-
se their interesting properties. For instance, because of
their non-Abelian statistics they are potentially useful
for quantum computation implementations. Among
other systems, they are predicted to be found bound
to the end of a topological superconductor nanowire
[1]. When the MBS are connected to a quantum dot
(QD), unique features are observed at zero-energy due
to the leakage of the MBS into the QD [2,3]. In this
work we consider a single level QD and an MBS pla-
ced at the end of a topological nanowire. Both are
coupled to the continuum and does not have a direct
connection between them. We addressed the behavior

of Coulomb blockade and Kondo effect in the QD due
to the presence of MBS in the continuum. By em-
ploying a Green’s function formalism via equation of
motion procedure we are able to calculate the relevant
physical quantities. Our results show that the leakage
of the MBS into continuum state can alter the either
the Kondo physics of the system. We believe that our
findings could be useful to establish new measurables
features in MBS-QD systems.

[1] A. Y. Kitaev, Phys. Usp. 44, 131 (2001).
[2] E. Vernek, P. H. Penteado, A. C. Seridonio, and J. C.
Egues, Phys. Rev. B 89, 165314 (2014).

[3] M. T. Deng, S. Vaitiekenas, E. B. Hansen, J. Danon,

M. Leijnse, K. Flensberg, J. Nygard, P. Krogstrup, and C.

M. Marcus, Science 354, 1557 (2016).
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In this work we study the topological properties
of a monolayer of Transition Metal Dichalcogenides
(TMDC) in the presence of a laser field. First, we iden-
tify its crystal structure and the atomic orbitals invol-
ved by using previous results from DFT. The simplest
model has three bands and uses only the orbitals dz2 ,
dxy and dx2 from W . We present models with nearest
neighbors and up to third neighbors. It is seen that
the model with nearest neighbors is a good approxi-
mation for the band structure near some symmetry
points, whereas with a model with up to third nearest
neighbors we can describe the entire First Brillouin
Zone.

With these models we investigate the effects of a
circularly polarized laser beam acting normally on the
monolayer using Floquet theory. The topology of the
Floquet band structure is characterized calculating so-
me topological invariants (winding numbers). To sup-
port these results we calculate the Floquet bands in
bulk and on the edges of nanoribbons, with zigzag
and armchair edges. Finally we calculate the conduc-
tance in nanoribbons with different edges and dis-
cuss the effects of the Floquet gaps induced by the
laser and the formation of topological edge states.

P-361 PWQ-VI-17

Thermal conductivity in nanostructured
Si-membranes
Mancardo Viotti A. M.1, Carusela M. F.2 1, Monastra
A. G.2 1
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For nonmetallic materials, heat flow is mainly trans-
port of phonons. As nanostructures have sizes com-
parable to phonon coherence length, the dual wave-
particle nature of phonons becomes important. Ther-
mal transport, that is mainly in a semiballistic re-
gime, can be tuned by border effects or superimpo-
sed structures where scattering processes take place.
Silicon membranes are typical examples, where ther-
mal conduction can be controled by the engineering
of structures or patterns on them.

We study numerically the thermal conductivity in
a suspended Si-membrane with patterns of Si-pillars
designed on it when it is subject to gradients around
room temperature. Both membrane thickness and pi-
llars are of the order of 10 nm. We found that thermal
conductivity depends on the different features of pi-
llars as depth, width and separation between them.

The simulations are based on molecular dynamics.
As a complementary part of the work concerning
the simulations, we also describe the thermalization
process, usually not fully discussed for the opera-
ting conditions of these type of nanostructures.

P-266 PWQ-VI-18

Applying a fermion-to-qubit map on the
study of coupled charged quantum dots
Sanz L.1, Macedo de Souza F.1
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E-mail: liliana.sanz@gmail.com

The Jordan-Wigner transformation is used to per-
form a fermion-to-qubit mapping in order to derive a
set of Lindblad superoperators that can be straight-
forwardly used on a wide range of physical scenarios,
as a multipartite quantum system in contact with se-
veral reservoirs. We explore the effect of a charge sen-
sor, acting as a probe, over the quantum dynamics of
electrons on coupled quantum molecules. Each mole-
cule consists on two quantum dots coupled by tun-
neling. The probe consists on a quantum dot atta-
ched to source and drain leads, that allows a current
flow. The dynamics of populations, entanglement de-
gree and purity show how the probe is behind the sud-
den deaths and rebirths of entanglement, at short ti-
mes. Then, the evolution leads the system to an asym-
ptotic state being a statistical mixture. Those are sig-
natures that the probe induces dephasing, a process
that destroys the coherence of the quantum system.

P-169 PWQ-VI-19

Morphological characterization of Grap-
hene and MoS2 by AFM with potential
applications in Nano-electronics
Aldana C.1, Velandia F.1, Pasos J.1, Galvis A.2,
Yenny H.3, Hurtado Morales M.1
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The emergence of microelectromechanical sys-
tems (MEMS) and nanoelectromechanical systems
(NEMS), and the development of nanostructures of
single molecular layer became the new path of research
in the area of nanotechnology [1]. These materials ha-
ve great relevance in modern technological applica-
tions, being characterized by highly resolution nanos-
cale techniques as STM, SEM, TEM and AFM. One
of the most advantages of Atomic Force Microscopy
(AFM) compared with high vacuum characterization
techniques is due to AFM can be performed in normal
conditions (pressure and temperature), allowing rele-
vant information about some physical properties on
their surface (electrical conductivity, roughness, grain
sizes, grain boundaries, topography and/or morpho-
logy).

In this work, we are producing Graphene and
Molybdenum Disulfide (MoS2) using electrochemi-
cally exfoliation method starting from graphite pa-
per like acting as working electrode and Pt as counter
electrode in acid media and a potential greater than
10 V [2]. Graphene flakes are 5 micrometers and MoS2

1 to 2 micrometers in diameter according with AFM
and SEM images. Other relevant techniques like HR-
TEM (SAED) and XRD have revealed 2D structure,
solid state UV-Vis spectroscopy their band-gap and
FT-IR and Raman spectroscopy their symmetric and
asymmetric vibrational modes. These partial results
are being used in other projects like transparent elec-
trodes, actuators, absorber layers, fluorescence quen-
chers and in thermoelectric devices [3].

[1] M. Mandar et al, ScienceDirect, Volume 144, 682 (2016)
[2] M. Hurtado et al, IOPScience, Volume 27, 1 (2016)

[3] Q. Wang et al, nature nanotechnology, Volume 7, 699

(2012)
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Exciton-polariton ribbons with spin-orbit
coupling
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Polaritons are quasi-particles that emerge from the
coupling between excitons and photons confined in
optical microcavities. These cavities can be shaped
into micropillars, which when are coupled allow the
construction of uni- and two-dimensional lattices with
arbitrary geometries. These polariton’s lattices cons-
titute a novel and versatile platform with which it
is possible to emulate, in the context of photonics,
electronic properties of conventional condensed mat-
ter systems and in turn to design Hamiltonians with
peculiar transport properties. In this work we pre-
sent a generalized tight-binding model that allows to
describe, with a minimal amount of parameters, the
band structure and edge states of two-dimensional po-
lariton’s lattices, including the effect of an effective
spin-orbit coupling between polarizations. This mo-
del based on non-orthogonal photonic orbitals faith-
fully reproduces experimental results reported for dif-
ferent geometries and contributes to understand pro-
perties related to the non-trivial topology of this class
of systems. We analyze in particular the influence of
the non-orthogonality of the orbitals and the photonic
spin-orbit coupling on the polarization and dispersion
of the edge states associated with the s and p bands.

P-441 PWQ-VI-21

SU(4) Kondo entanglement in double
quantum dot devices
Bonazzola R.1, Andrade A.1, Facio J.1, Garćıa D. J.2
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We analyze, from a quantum information theory
perspective, the possibility of realizing an SU(4) en-
tangled Kondo regime in semiconductor double quan-
tum dot devices. We focus our analysis on the ground
state properties and consider the general experimen-
tal situation where the coupling parameters of the
two quantum dots differ. We model each quantum
dot with an Anderson type Hamiltonian including an
interdot Coulomb repulsion and tunnel couplings for
each quantum dot to independent fermionic baths.
We find that the spin and pseudospin entanglements

can be made equal, and the SU(4) symmetry reco-
vered, if the gate voltages are chosen in such a way
that the average charge occupancies of the two quan-
tum dots are equal, and the double occupancy on
the double quantum dot is suppressed. We present
density matrix renormalization group numerical re-
sults for the spin and pseudospin entanglement en-
tropies, and analytical results for a simplified mo-
del that captures the main physics of the problem.

P-136 PWQ-VI-22

Theoretical study of the optical response
in nano-structures by using a master equa-
tion in the Lindblad form
Portacio A.1, Rodriguez B. A.2, Villamil P.3
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We study theoretically the linear and non-linear op-
tical susceptibilities for a nanostructure that inter-
acts with a classic monochromatic optical field, by
solving a Born-Markov master equation in the Lind-
blad form. Considering the reservoir for the system,
the quantum vacuum of the electromagnetic conti-
nuum modes, the processes of spontaneous emission
are studied formally between two levels of the nanos-
tructured quantum system, within the framework of
the quantum theory of open systems. Analytical ex-
pressions were found for optical rectification, second
harmonic generation, changes in refractive index and
optical absorption, which present significant differen-
ces to those found with the traditional method for
calculation of the optical response. Finally, compara-
tive results are presented between the proposed met-
hodology and the conventional method, for the opti-
cal response in a cylindrical quantum dot (CQD) of
AsGa / AsGaAl with an embedded hydrogen-like im-
purity and under the action of a uniform magnetic
field, applied in the axial direction of the cylinder.

P-79 PWQ-VI-23

Entanglement generation through the in-
terplay of harmonic driving and interaction
in coupled solid state qubits
Gramajo A. L.1, Dominguez D.1 1, Sanchez M. J.1
1 Centro Atómico Bariloche, CONICET - Instituto

Balseiro, UNCuyo

E-mail: majo@cab.cnea.gov.ar

The control and manipulation of entanglement is
one of the central prerequisites of quantum compu-
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ting architectures in order to exploit the non local
quantum correlations. In this work we study the ma-
nipulation of quantum entanglement in solid state qu-
bits by periodic external fields. As an entanglement
measure we compute numerically the concurrence of
two coupled superconducting qubits both driven by
a dc+ac external control parameter. We show that
when the driving term of the Hamiltonian commu-
tes with the qubit-qubit interaction term, it is pos-
sible to create or destroy entanglement in a contro-
lled way by tuning the system at or near multipho-
ton resonances. On the other hand, when the driving
does not commute with the qubit-qubit interaction,
the control and generation of entanglement induced
by the driving field is more robust and extended in pa-
rameter space, beyond the multiphoton resonances.

P-138 PWQ-VI-24

Temporal Response of a Strongly Coupled
Quantum Dot-Cavity System
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In this work, a theoretical study of the temporal dy-
namics of a coupled quantum dot-optical nano-cavity
system under the influence of a short laser pulse is
performed. The calculations are carried out using the
theory of open quantum systems through the forma-
lism of the master equation in the Lindblad form. It

includes the interaction with the environment through
terms of decay of the cavity populations, spontaneo-
us emission and dephasing. The quantum dot is mo-
deled as a two-level system and is considered a sin-
gle mode of the electromagnetic field within the ca-
vity. The temporal dependence of the cavity trans-
mission and the photoluminescence spectrum is ob-
tained in the case of resonant and non-resonant pul-
ses considering different intensities and pulse times.

P-490 PWQ-VI-25

Controlling observables in normal and
Josephson junctions
Zacarias A.1, Pototzky K. J.1, Gross E. K. U.1
1 Max Planck Institute of Microstructure Physics. Wein-

berg 2, D-06120 Halle (Saale), Germany

The theory of time-dependent quantum transport
addresses the question: How do electrons flow through
a junction under the influence of an external perturba-
tion as time goes by? In this contribution, we analyze
the inverse question and search for a time-dependent
bias such that the system behaves in a desired way.
We present results for quantum dots coupled to nor-
mal or superconducting leads. These include results
for junctions with normal leads where the current, the
density or a molecular vibration is optimized to follow
a given target pattern as well as results for junctions
with two superconducting leads, where the Josephson
effect triggers the current to oscillate. We investigate
what happens if the frequency of the Josephson osci-
llation comes close to the frequency of the molecular
vibration. In addition, we show how to suppress the
Josephson oscillations by suitably tailoring the bias.
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TE plasmonic modes in dielectric-
graphene-dielectric superlattice
Madrigal-Melchor J.1, Pérez-Huerta J. S.1, Rodŕıguez-
Vargas I.1, Suárez-López J. R.1
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Optical and electronic properties of multilayer sys-
tems have been extensively studied in the last years
due to its potential applications in high-performance
optoelectronic devices [1]. In particular, the study of
plasmonic modes is very important in the design of
solar cells in pursuit of better performance and effi-
ciency. On the other hand, the excellent properties of
surface plasmon in graphene together with flexibility,
transparency, and biocompatibility make it a good
prospect for different applications, such as, electro-
nics, optics, THz technology, energy storage, biotech-
nology, medical sciences, enhancement Raman spec-
troscopy, solar cells, and so on [2]. In this work, we
study the plasmonic TE modes in a multilayer sys-
tem dielectric-graphene-dielectric, which are obtained
by calculating the reflectivity poles using the transfer
matrix method, rp = M21/M22. It is obtained that
the plasmonic relation dispersion depends strongly on
several parameters of the system, such as the width
of the dielectrics media, chemical potential of graphe-
ne, dielectric permittivities, and the distance of the
prism from the multilayer system. Another important
feature to highlight is that the number of branches in
the plasmonic relation dispersion depends on the num-
ber of graphene sheets. Finally, we show that grap-
hene plasmons are highly tunable and show strong
energy confinement capability. Additionally, we show
the ATR spectra where appears the minimums which
correspond to the different branches. The ATR mini-
mums are very sensitive to the separation of graphene
sheets (dielectric width).

[1] F Bonaccorso, Z Sun, T Hasan, and A C Ferrari. Nature
Photonics, 4, 611, (2010).

[2] Xiaoguang Luo, Teng Qiu, Weibing Lu, at. al., Mate-

rials Science and Engineering R: Reports, 74, 351, (2013).
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Interface graphene/AlN surface: A first-
principles study
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AlN is a material with wide use in opto-electronics
and high-temperature electronic devices [1]. On the
other hand, Graphene is the most important material
that is used in display screens, batteries of very fast
recharge, storing hydrogen, solar cells and many ot-
her applications [2]. Generally, these applications are
based on combination of graphene with other mate-
rials. We propose a new material based on the jun-
ction between graphene and AlN. Surface (0001) of
AlN in wurtzite structure is very interesting becau-
se of electronic properties [3]. But mismatch in 1x1-
Wurtzite-AlN(0001) / 1x1-graphene is about 26.5 %.
That mismatch is inadmisible in technology. But a
mismatch of about 0.5 % was obtained in 2sqrt(3) x
2sqrt(3) wurtzite-AlN(0001) / sqrt(19)xsqrt(19) grap-
hene. In this work, we study first the adsortion
and lateral diffussion of C atoms as a first step
to study the interface 2sqrt(3) x 2sqrt(3) wurtzite-
AlN(0001) / sqrt(19)xsqrt(19) graphene. Possible sites
to adsorpts C atoms on wurtzite (0001)AlN-Al termi-
nated are: 1) on top of Al, this point is called T1;
2) on top of N, this point is called T4 because it has
four posibles atoms to bond; 3) Bridge 1 between two
adjacent atoms; 4) Bridge 2 between two no adjacent
atoms and 5) H3 at center of an equilateral triangle
formed by three atoms of Al. Calculation based on
Density Functional Theory (DFT) shows that the best
site to put a Carbon atom on wurtzite AlN(0001) is
on H3 and the next point is T4 which is 0.24eV higher.
The worst point is T1. The adsorption of one C atom
on H3 or on T4 is very interesting because the struc-
ture exhibits a magnetic moment of 1.00 µB. Electro-
nic properties as electron energy bands and density of
states are shown.

[1] E. López, J. Arriaga, Superficies y Vaćıo, 17(1), 21,
(2004)
[2] A. Ansón, J. Phys. Chem. B., 110(13), 6643, (2006)

[3] J. Beheshtian, M.T. Baei, A. A. Peyghan, Surface

Science, 606, 981, (2012)
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The La0,5Ba0,5CoO3−δ Perovskite is a material with
interesting properties for applications in electrochemi-
cal storage and energy conversion devices, such as: so-
lid oxide fuel cell and proton-exchange membrane fuel
cell, as a electrolyte and cathode materials, respec-
tively. Such applications are possible due to its pro-
perty as a mixed ionic electronic conductor. In or-
der to understand the crystal structure and the trans-
port mechanisms, we studied the perovskite structu-
ral and electronic properties. Therefore, we performed
calculations by the density function theory (DFT),
where the effects of exchange and correlation were
treated with the generalized gradient approximation
(GGA) in the Perdew, Burke, Ernzerhof (PBE) for-
malism. Moreover, a structural analysis of the energy
variation against the structure volume and fitting the
plot to the Birch-Murnaghan state equation was ca-
rried out. The electronic properties were analyzed by
the representation of bands diagrams (BD) and den-
sity of states (DOS) for the two spin polarizations,
and the Bader charges. We conclude that the ma-
terial is conductive and has a magnetic behavior.
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Optical properties of graphene multilayer
quasi-periodic structure with variation in
chemical potential: case period doubling
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Graphene is a two-dimensional nanomaterial of spe-
cial interest due to its unusual electronic, optical, me-
chanical and chemical properties, which suggest a wi-
de range of applications in optoelectronics, informa-
tion technologies, and ecology, for example. In parti-
cular, the study of the optical properties of graphene is
very important due to its potential applications in ul-
trafast photonics, optical filters, composite materials,
photovoltaic devices, biosensors, and energy storage
devices. In this work, we studied the transmission,
reflection and absorption properties of a multilayer
dielectric-graphene-dielectric system for TM and TE

polarization. The multilayer structure follows a quasi-
regular Period-Doubling sequence and consists of two
different chemical potential of graphene sheets (µgA
and µgB) which are intercalated between the dielec-
tric media. Optical conductivity of graphene takes ac-
count the intra-band and inter-band transitions in the
limit where µgA, µgB >> kT . We use the transfer ma-
trix method for obtaining the transmission, reflection
and absorption spectra. The spectra are very sensitive
respect to the number of layers, the width of dielec-
tric media, the optical contrast of the dielectrics, and
the incident angle, and shows different passband and
stopband regions. By on other hands, it is possible
to observe the self-similarity in the different spectra.
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States of matter with nontrivial topology have been
classified by their bulk symmetry properties. However,
finite ribbons or stackings of monolayers belong to a
subgroup of reduced symmetry. By constructing ef-
fective Hamiltonians containing the proper symmetry
of each case, we find that the nature of topological
states is strongly dependent on the finite size effects
and its appropriate boundary conditions. We apply
our model to crystalline topological insulators com-
posed by IV-VI monolayers and investigate their band
structure and topological phase transitions as a fun-
ction of the number of stacked monolayers. We show
that the reduced symmetry of the finite size sample
strongly affects the hybridization properties of ed-
ge or surface states from opposite sides of the sam-
ple. Particularly, whenever the finite sized material
presents a nonsymmorphic lattice, a distinct degene-
racy is enforced at the time-reversal invariant mo-
menta (TRIMs), thus avoiding a topological phase
transition. For more details see [Araújo et al, PRB
93, 161101(R) (2016)] and [Araújo et al, submitted].
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Influence of lead substitution on
low-energy dynamics in single crys-
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Alyabyeva L.1, Vinnik D.2, Zhukova E.1, Gudkova S.2
1, Prokhorov A.1 3, Ivek T.4, Novosel N.4, Góngora
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M-type hexagonal ferrites is a wide family of com-
pounds with general formula AB12O19 possessing
crystal structure of magnetoplumbite, discovered in
the middle of the XX-th centure. Large cation A is
usually a Ba2+, that could be replaced by Sr2+ or
Pb2+, cation B in most cases is Fe3+ with or without
possible substitution impurities. Giving dielectric and
magnetic properties of the compounds, M-hexaferrites
are prospective for use in a number of fields and mo-
dern devices including magnetic memory, absorbing
coating in radio-frequency range and many others.
Magnetic and dielectric properties of pure barium he-
xaferrite BaFe12O19 have been widely investigated
over last decades, in a broad frequency and temperatu-
re ranges. It was shown that different impurities could
drastically influence the fundamental properties of the
material such as complex dielectric permitivity, mag-
netic susceptibility, complex refractive index, tempe-
ratures of phase transitions and even stability of the
magnetic structure. Despite a whole number of spec-
troscopic studies of barium hexaferrites most of them
are focused on radio-frequencies and thus low-energy
terahertz dynamics remains not well investigated, ho-
wever in this particular region (about 1THz) a new
type of excitation, electromagnons are appear, and
as a result, mechanisms that lead to this magneto-
electric coupling are still not completely clear. In this
study we unveil the effect of partial substitution of 12-
coordinated divalent barium ions with divalent lead
ions on low-energy lattice dynamics. We performed
complex study of single crystal Ba0.3Pb0.7Fe12O19,
including investigation of complex dielectric permit-
tivity in terahertz-infrared frequency region (1-8000
cm-1) as well as ac magnetic susceptibility measure-
ments in a wide temperature range 4-300 K. Distor-
tions of crystal lattice and magnetic subsystem caused
by co-existence of different cations within the same
site-position lead to magneto-electric coupling, obser-
ved in terahertz frequency region in spectra of dielec-
tric response.

[*] The work was supported by the Ministry of Education

and Science of the Russian Federation Projects 5top100.
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E-mail: emanuelm33@gmail.com

The scientific and technological revolution that
started with the production of atomically-flat grap-
hene has swiftly evolved to include research and deve-
lopment in other 2D materials from group-IV atoms.
The fabrication of silicene, stanene and more recently
germanene is a matter of great debate in the commu-
nity due to their electronic and structural properties
and possible applications.

The interest on germanene films is centered on the
electronic properties because of the presence of Dirac-
cones, and on its structure as it arranges on a buckled-
honeycomb lattice that may favor the adsorption of
molecules and other materials.

In this work we present a characterisation of Ge
films grown on Au(111) and Al(111) by evapora-
tion under UHV conditions. Surface crystallography
and composition was analysed by means of several
experimental techniques including Scanning Tunne-
ling Microscopy (STM), Time-of-Flight Direct Reco-
il Spectrometry (TOF-DRS), Low Energy Electron
Diffraction (LEED), Electron Energy Loss Spectros-
copy (EELS), Ultraviolet Photoelectron Spectroscopy
(UPS), and by comparison with Density Functional
Theory (DFT) calculations.

The LEED patterns indicate very well-ordered pha-
ses of the Ge films on both substrates. For Au(111) the
STM also shows a big 5x8 unit cell but the formation
of a honeycomb structure could not be unambiguously
determined as proposed by different groups. Moreover,
the high sensitivity of the TOF-DRS technique allo-
wed us to show the presence of Au atoms in the Ge
film and the diffusion of Ge atoms into the sample.

On the other hand, the preliminary results obtained
for the growth of less than a monolayer of Ge atoms
on Al(111) show a 3x3 structure without diffusion of
Ge atoms into the Al sample.

The comparison of the results obtained in our la-
boratory with data reported in recent literature is al-
so presented, analysing similarities and differences for
both systems.
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Fullerene-Silicon crystalline structures were studied
using a semi-empirical potential of the form proposed
by Tersoff. The Zinc-Blende structure was proposed
as the most stable for this material.

Fullerene (C60) and silicon were simultaneously
deposited by thermal evaporation and chemical va-
por deposition respectively. The samples were cha-
racterized by Scanning electron microscopy, Energy-
dispersive X-ray spectroscopy, Micro-Raman spectros-
copy, Wide-angle X-ray scattering, X-ray photoelec-
tron spectroscopy and its thermal stability was stu-
died up to 600o C. Results are discussed in compa-
rison with pure C60 deposited by the same method.
A crystalline material was obtained: results suggest a
polymerization of fullerenes through silicon atoms was
achieved. Cubic FCC and hexagonal structures were
found, the former in agreement with our simulation
results. The samples proved to be thermally stable.

P-299 PTC-VII-9

Effect of a thin film of metamaterial
on the localized modes in a symmetrical
Fibonacci photonic crystal
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The effects of a thin metamaterial film on the loca-
lized defect modes arising in a binary quasi-periodic
Fibonacci crystal structure composed of two materials
with alternating positive and negative refractive inde-
xes are investigated. By using the transfer matrix met-
hod, the transmission coefficient and the dispersion
law for the film are calculated for four possible con-
figurations with specular symmetry, for both the TE
and TM modes. For oblique incidence, many peaks co-
rresponding to perfect transmission are obtained. It is
shown that the presence of the photonic crystal leads
to modifications of the period of Fabry-Perot oscilla-
tions and additionally, bands with strong deflection
of the transmission coefficient emerge. For the case of

the Fibonacci configuration these alterations are more
accentuated for TM modes.

P-426 PTC-VII-10

Optical properties of dielectric-graphene
multilayer system with quasi-periodic Thue
Morse variation of chemical potential
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Potential applications in optoelectronics have gene-
rated a great interest in the study of graphene opti-
cal properties. Along with this, for example, graphene
has exceptional properties such as high mobility, opti-
cal transparency, flexibility, and robustness. For the-
se properties, graphene could be used in a variety of
devices such as transparent conductors, organic light-
emitting diodes, photodetectors, touch screens, satu-
rable absorbers and ultrafast lasers, solar cells, biosen-
sors, for mentioning some of them [1]. In this work, the
transfer matrix method [2] is implemented in order to
obtain the optical properties of the system such as
reflection, transmission, and absorption in the infra-
red region. The multilayer structure was compound by
intercalating graphene sheets between two consecuti-
ve dielectrics with the chemical potential of graphe-
ne sheets following the Thue-Morse (ThMo) sequence
(µgA, and µgB). The graphene sheets were described
by the optical conductivity considering interband and
intraband transitions [3]. The structure of the spectra
depends strongly on the number of sequence genera-
tion, the width of the different dielectrics and optical
contrast. The results for transverse magnetic polari-
zation (TM) and transverse electric polarization (TE)
for different parameters of the structures are shown.
We obtain reflection and absorption bands well defi-
ned. We had made a comparison between the quasi-
periodic and periodic variation of chemical potential.

[1] F. Bonaccorso, Z. Sun, T. Hasan, and A. C. Ferrari,
Nature Photonics, 4, 611, (2010).

[2] Yeh, P., New Jersey: John Wiley & Sons, Inc, (2005).

[3] L. A. Falkovsky and S. S. Pershoguba, Phys. Rev. B,

76, 153410, (2007).
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CuZnAl shape-memory alloy single crystals can ha-
ve two sequential, stress-induced martensitic transi-
tions, depending on their chemical composition and
crystallographic orientation: First, the Beta-18R tran-
sition and, as the load increases, the 18R-6R transi-
tion. At electronic concentration e/a=1.48, the 18R-
6R transition is immediately followed by the plastic
deformation of the 6R phase. This phenomenon is
usually undesired, as it compromises the reversibility
of the pseudoelastic effect. Two different approaches
have been applied to counteract the plastic deforma-
tion of the 6R phase: 1. A modification of the che-
mical composition of the alloy, reducing e/a; 2. The
controlled introduction of gamma-phase nanoprecipi-
tates, which increase the yield stress of the 6R phase.
The former approach was relatively successful but, al
lower e/a, the kinetics of defect formation and pro-
pagation due to pseudoelastic cycling are significantly
increased, which renders these alloys unsuitable for
most applications. The latter approach, on the other
hand, results in 6R without plastic deformation [1],
and does not seem to have a negative impact in the
fatigue life of the alloy [2]. However, the authors only
studied one specific distribution of nanoprecipitates
which, despite being successful, may not be the op-
timal condition to harden the 6R phase and increase
pseudoelastic fatigue life. No information is available
in the literature regarding the effect of different preci-
pitate sizes on the 18R-6R transformation. This work
presents the results of Beta-18R-6R pseudoelastic cy-
cling experiments and TEM microstructural studies
with different sizes of nanoprecipitates. The effects of
mean precipitate size in the 18R-6R transition stresses
and on the pseudoelastic hysteresis are discussed.

[1] F. De Castro Bubani, M. Sade, F. Lovey, Mater. Sci.
Eng. A, v. 543, p. 88 (2012).

[2] F. De Castro Bubani, M. Sade, F. Lovey, Mater. Sci.

Eng. A, v. 557, p. 147 (2013).
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Investigaciones, Pasto, Colombia
2 Instituto de F́ısica La Plata, Departamento de F́ısica,

Facultad de Ciencias Exactas, UNLP - CONICET
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Iron oxide magnetic nanoparticles (MNP) have been
widely used in both, diagnostic and therapy for can-
cer disease research. One of the most important ap-
plications is magnetic hyperthermia therapy, in which,
using MNP as electromagnetic to heat energy trans-
ductors, the cells are killed by increasing temperature.
For this, MNP properties must be optimized in order
to obtain a higher heat quantity using low MNP do-
ses [1]. In this work, an aqueous co-precipitation-based
MNP synthesis is presented. The synthesis tempera-
ture was fixed in 25, 40, 60 and 80oC in order to achie-
ve different particle size. The MNP were superficially
modified using citric acid and dispersed in water. Re-
sults shown that the lower the synthesis temperature
the higher particle size and the higher heat dissipa-
tion at radiofrequency fields of 100 kHz varying am-
plitude. Better results were achieved when the coating
where changed from citric acid to sodium citrate and
poly ethylene glycol, diminishing also their cytotoxic
effects. The cito-toxicity effect was determined in B16
in-vitro cell culture. The effect of MNP coating was
also studied using citric acid, sodium citrate and pol-
yethylene glycol (PEG). Better results were achieved
when the coating where changed from citric acid to
sodium citrate and poly ethylene glycol, diminishing
also their cytotoxic effects.

[1] M. B. Fernández van Raap, et al., Physical Chemistry

Chemical Physics, 19, 7176 (2017).
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Garnets are mixed oxides of chemical formula
A3B5O12 where A is a rare earth cation and B is
a transition metal cation, these are characterized by
magneto-electrical and optical properties that poten-
tialize their application in transmitters, microwave
and data storage devices [1], these properties will
depend on the structure and morphology which are
highly influenced by the partial or total replace-
ment of the cationic sites as well as by the method
of synthesis used [2]. Therefore this paper reports
structural and morphological analysis of Garnet-type
Sm3−xTRxFe5O12 con TR= Dy y Gd systems obtai-
ned by reaction of solid state method, employing sinte-
ring temperature 1200◦C. The morphological proper-
ties of synthesized systems were evaluated by electron
microscopy scanning (SEM) and the structural by dif-
fraction of X-rays (XRD) as well as refinement Riet-
veld using the GSAS software. The results obtained
allowed to conclude that were obtained single pha-
se systems of cubic structure and space group Ia-3d
(230), where substituting elements as the dysprosium
and gadolinium in site A favored the decrease in the
volume of the unit cell and smaller the particle si-
zes, this structural and morphological change is asso-
ciated with minor ionic radii of substituted cations,
which modified the interchangeable interactions and
therefore the magnetic properties, converting them in-
to materials with an important application.

[1] Sushkov, A., Eckel, S., Lamoreaux, S. K. Phys. Rev.
A., 79, 1 (2009).

[2] Dong, B., Yang, H., Yu, L., et al. Mater. Sci., 42, 5003

(2007)
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Cr2−xTixO3: ESR, XRD and XANES stu-
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The detection of gases and volatile organic com-
pounds (VOCs) that are harmful to humans, animals
and the environment is an area of material scien-
ce in constant development and a great research ef-
fort is being made to obtain sensitive materials. Se-
veral types of materials transform the variation of
their physico-chemical properties, in the presence of
gases/VOCs, into a measurable signal. Metal oxide
semiconductors are potential chemical sensors, which
have become mass-use for their large field of appli-
cation, their small size and their simple manufactu-
ring. In addition, they have a high sensitivity (detect
very low concentrations), operate in a wide tempe-
rature range and possess long durability. The system
Cr2−xTixO3 is a solid solution with corundum struc-
ture (0.01< x <0.45). The system has a rapid response
to gases/VOCs. Moreover, this system has intriguing
magnetic and electric transport properties. The con-
duction of the system is primarily determined by Cr
imperfections showing a p-type conductivity. The in-
corporation of Ti decreases its conductivity compared
to pure Cr2O3.
In this work we present a structural, magnetic and
sensing-properties characterization of Cr1,8Ti0,2O3

(CTO). CTO was synthesized by Sol-Gel method fo-
llowed by calcination. The structure of CTO was stu-
died by X-ray powder diffraction (XRD) and X-ray
absorption near edge structure (XANES). XANES
studies allow us to determine that a small amount
of Ti ions are in the +4 state. The dc-magnetometry
and electron spin resonance (ESR) studies reveal that
CTO presents a para- to antiferro-magnetic transition
at 310K. The dc-electric conduction of CTO is des-
cribed by the small polarons model. The transport
curve presents a change in its behavior at ∼ 800K
which could indicate a change in the conducting me-
chanism of the sample. Finally, our studies demons-
trated that CTO has good sensibility to acetone.
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The Ce-3Ni system is a novel precursor for the synt-
hesis of CeO2-Ni composites used in the selective cap-
ture of O2 (g) in high-purity Ar or He supply. The
metal constituents are milled to achieve an intimate
mixture and then selectively oxidized under controlled
conditions. At the first step, the system is milled up to
reach the intermediate stage [1]. At the second step,
it is temperature-assisted to produce the desired cer-
met. But milling of Ce-based alloys in Ar/O2 mixtu-
res in the presence of Ni induces a destabilization and
further phase transformation which eventually favors
the CeNi3 intermetallic formation. The process evol-
ves by an in-series exothermal process as analyzed by
differential scanning calorimetry (DSC). The structu-
re and microstructure of the phases is studied by HT-
XRD. The nanostructure is analyzed by transmission
electron microscopy (TEM). Starting Ce-based alloy
consists of a mixture of two phases reported for Ce: an
hexagonal structure equivalent to a γ-dhcp and a cu-
bic one equivalent to a β -cc. The cubic phase is only
observed at temp. higher than 200 ◦ C in the binary
Ce-Ni phase diagrams. After processing the system for
5 h, a complete γ to β phase transformation is obser-
ved. This process occurs in parallel to the refinement
of the Ni structure. The cubic structure is stabilized
by temperature treatment between 100 ◦C and 600 ◦C
and no significant composition changes are observed
between both Ce-based and Ni cubic phases. Milling
also induces an extension of the solubility limits in
the Ce-Ni system. The CeNi3 intermetallic is obtained
at 900 ◦C under Ar atmosphere treated for 5h. After
that, the system is oxidized in O2. The final oxides
have crystalline habits according to the Fm3m spa-
ce group. The composite is reduced under H2 ( g)-Ar
to obtain a CeO2 -based-Ni mixture. The first results
of selective capture of O2 impurities in in Ar(g) are
promising and currently under way.

[1] S. A. Obregón, J. Andrade, M.R. Esquivel, Internatio-

nal Journal of Hydrogen Energy, 37, 14972 (2012).
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Low-energy ball milling with subsequent thermal
treatment method was used to synthesize Nickel-Zinc
ferrite, Ni1-xZnxFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8
and 1.0), nanoparticles. The samples were analyzed by

means of X-ray diffraction (XRD), SEM-EDX, and in-
frared and Raman spectroscopies. Formation of single-
phase spinel structure, typical of ferrite nanoparti-
cles, has been confirmed by all techniques. The incre-
ment of Zn in Ni1-xZnxFe2O4 produces an increase
in both the lattice and oxygen parameters, and a de-
crease in the ratios of the octahedral to tetrahedral
cation-oxygen bond lengths. The results suggested a
gradual dilation (contraction) of the tetrahedral (oc-
tahedral) with increasing Zn content. From cation dis-
tribution analysis, it was found that at intermediate x
values, the Ni2+ and Zn2+ ions can occupy both si-
tes. The mean crystallite size did not show any trend
with the increase of zinc content. The Raman band
located at about 702 cm-1 (A1g Raman mode assig-
ned to Ni-O bond vibration) was observed to shift
toward lower wavenumbers and to decrease in relati-
ve intensity with increasing x. On the contrary, there
is a gradual increase in relative intensity of the Ra-
man band located at about 650 cm-1 (related with
the Zn-O bond vibration) with increasing x. On the
other hand, the infrared band located at about 590
cm-1 (associated to intrinsic vibrations of the tetra-
hedral groups) was found to shift with x. It is inter-
esting to mention the preferential occupation for Zinc
ions in the tetrahedral sites and on the other hand,
the preferential occupation of Ni ions in octahedral
sites while the Fe is gradually pushed to the octahe-
dral site as the Zn content increases in the samples.
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Synthesis, structural characteriza-
tion and magnetic properties of the
Bi1−xNdxFe0,7Mn0,3O3 perovskites
Saavedra Mesa D. E.1, Scaravaggi F.2, Roa Rojas J.1,
Wolter Giraud A.2, Aswartham S.2, Wurmehl S.2,
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Multiferroic materials have been the focus of a high
percentage of the materials science research due to
their excellent properties when applied to new techno-
logies. One of the most studied material is the BiFeO3

perovskite, because it presents multiferroic properties
and its synthesis does not require high pressure like
BiMnO3. But many problems limit the commercial
viability of Bismuth Ferrite-based devices, for exam-
ple leakage currents and spiral spin modulation. Some
investigations have tried to improve the synthesis met-
hod to avoid the Bi3+ loss, one of the most common
problems in the Bismuth-based perovskites. Others
have shown that the magnetic state of bismuth ferrite
can be effectively changed via a chemical substitution
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in the Bi- or Fe-site. However, the simultaneous subs-
titution in both places allows structural and magne-
tic phase transformations in the system. Some authors
have demonstrated those transformations in a low ran-
ge of substitutions by rare earths in the Bi place and
Mn in the Fe place. My objective is to present the
results of the synthesis of the Bi1−xNdxFe0,7Mn0,3O3

perovskites, comparing the two used methods: solid
state reaction (SSR) and rapid liquid phase synthe-
ring (LPS) technique, showing why for these mate-
rials the second one gives better results. And also, to
present the structural and compositional characteri-
zation, and the particular magnetic behavior of the-
se materials. The structural analysis was carried out
with X-ray diffraction (XRD) measurements. The sur-
face morphology was studied by scanning electron mi-
croscopy (SEM), the composition was analyzed using
energy dispersive spectrometry (EDS), and magnetic
measurements were carried out using a SQUID Mag-
netometer.

[1] IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control (Volume: 62, Issue: 1, January 2015)
[2] Journal of Applied Physics 112, 064105 (2012)

[3] Journal of Applied Physics 108, 074109 (2010)
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Y2O3 and Gd2O3 nanocrystals have been synthe-
sized using the co-precipitation method. The samples
were characterized by X-ray powder diffraction (XRD)
and thermogravimetric analysis (TGA). The structu-
ral properties were investigated by means of XRD re-
sults and Rietveld refinement analysis. These results
show that all samples present a crystalline structu-
re without any impurity peaks, revealing high purity
of the prepared samples. In order to obtain the full
width at half maximum (FWHM), the Rietveld refi-
nement was used and according to Scherrer, the na-
nocrystals present the average size of 12nm for Y2O3

and 17nm for Gd2O3. The analysis of the thermogra-
vimetric show significant mass losses at temperatu-
res around 300oC and 550oC for the gadolinium oxide
precursor and for yttrium oxide phase changes at tem-
peratures between 250oC and 300oC. UV-Vis analy-
sis reveal that the optical band gap of Y2O3 sample
is nearly of 3.90 eV differently of Gd2O3 samples in
which present a band gap of 3.80 eV. Others results on
the strucutural properties with transition metal doped
Y2O3 and Gd2O3 nanoparticles will be presented.
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The perovskites are minerals that recently are re-
ceiving a lot of attention from the scientific commu-
nity for the development of solar cells at low cost
with high efficiency. Also, there is an upcoming use
for perovskite-based colloidal quantum dot materials,
which have a big projection for optoelectronics ap-
plications. With a LAMMPS implementation of an
interatomic potential previously developed with first
principle calculations [1], we are searching for the mo-
lecular dynamics that govern the hybrid perovskite
CH3NH3PbI3 for the development of the colloidal
quantum dot materials.

[1]. A. Mattoni, A. Filippetti, M.I. Saba, et al. Methylam-

monium rotational dynamics in lead halide perovskite by

classical molecular dynamics: The role of temperature. J.

Phys. Chem. 2015.
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In this work, is proposed a method to obtain grap-
hene from electrochemical exfoliation using graphite
flex as the main raw material. By using white clay as
a binding agent, mixtures of different percentages of
graphite are made and baked at a temperature of the
order of the cooking temperature of the clay ( 1000 de-
grees celsius) to avoid disintegration on contact with
water. Using these mixtures as the anode and a Faber-
Castell HB bar as a cathode with a potential difference
of 10V in a 0.1 molar solution of sulfuric acid in 50 mL
of distilled water, it is shown that the elaborated mix-
tures can be chemically exfoliated from graphite flex.
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An study of the structural, morphological, magne-
tic and optic properties of the Sr2RuHoO6 perovskite
has been performed which is a material that is expec-
ted to have an attractive magnetic behavior because
all the ions that compose it have individual magnetic
properties by combining an alkaline earth metal ion,
a transition metal and a rare earth. Rietlved analysis
from x-ray diffraction patterns revealed that this oxide
material crystallizes in a monoclinic perovskite struc-
ture, P21/n(#14) space group [1], with lattice para-
meters a=5.7719 Å, b=5.8754 Å, c=8.1651 Å, and an-
gle β = 90,034 ◦. The morphological characterization
by Scanning electron microscopy (SEM) shows an uni-
form surface topography with strongly interconnected
grains of similar size (D ≈ 0,74µm), which vary in
shape and orientation. Semi-quantitative analysis of
the composition was performed by Electron Energy
Dispersion Spectra (EDX), from which it can be esta-
blished that the composition of the samples is 99 % in
accordance with the expected stoichio-metric compo-
sition. Curves of magnetic susceptibility as a function
of temperature revealed the ferrimagnetic feature of
this material with Neel temperature TN = 14K. Th-
rough the Curie-Weiss magnetic susceptibility adjust-
ment the effective magnetic moment was determined
to be 11,36µB . This value is in agreement with that
expected from the Hund’s rules (11,60µB). The dif-
fuse reflectance spectrum suggests that this material
behaves as a semiconductor with Eg=1.38 eV, which
is in accordance with results of band structure and
density of states calculations

[1] E, Prince (2004). International tables of Crystallo-

graphy. Volume C. Third Edition. Kluwer Academic Pu-

blishers. Boston.
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LabOSat (acronym for ”Laboratory On a Satellite”)
is an universal platform aimed to perform radiation
damage experiments in harsh environments. LabOSat
was specifically designed for electrically testing and
ulterior validation of either custom or commercial de-
vices [1] as payload of small satellites developed by
Satellogic [2]. A preliminary analysis [3] of telemetry
data was recently presented. After a brief description
of the platform, data collected at Low Earth Orbits
(LEO) on TiO2 and La1-xCaxMnO3 based non vo-

latile devices, and on custom ZnO based field effect
transistors will be analyzed and discussed.

[1] M.Barella, G.A.Sanca, F.Gómez Marlasca et al., Pro-
ceedings of the Seventh Argentine Conference on Embed-
ded Systems, Buenos Aires, Argentina, August 10-12, 1
(2016).
[2] http://www.satellogic.com

[3] G.A.Sanca, M.Barella, F.Gómez Marlasca et al., Pro-

ceedings of the 1st IAA Latin American Symposium on

Small Satellites, Bs.As., Argentina, March 7-10 (2017).
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Oxide ceramics with the nominal composition
Ca2−xSrxCo2O5 (0 ≤ x ≤ 0,12) (Ca225−Sr) we-
re prepared using sol-gel method. Their structural
and morphological properties were investigated by X-
ray diffraction (XRD) and scanning electron micros-
copy (SEM), respectively. Transport properties we-
re evaluated in the temperature range between 85
and 300K using Seebeck coefficient S(T ) and electri-
cal resistivity ρ(T ) measurements. S(T ) showed po-
sitive values, suggesting a p-type material, and in-
creased with the Sr content. The electrical resisti-
vity, measured using a four-probe DC method, re-
vealed a metallic behavior; ρ(T ) decreased with the
Sr content and reached minimum values close to
8mΩ − cm at room temperature. From S(T ) and
ρ(T ) data the thermoelectric power factor was cal-
culated, which reached maximum values close to
4µW/K2cm. Thus, these ceramics can be conside-
red as promising materials for use in thermoelectric
devices for room and low-temperature applications.
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Characterization morphological and struc-
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Ceramic composites of La0,95CaCoO0,053/Ag were
prepared by solid state reaction method.

The structural properties were determined by
analysis of X-ray diffraction, showing rhombic hexa-
gonal crystalline structure. It was possible to indentify

125



VIII - Materials preparation and characterization

silver in all composites prepared meanwhile the difrac-
togram showed graphics with more intensity when the
percent of silver rises; the network parameters showed
that in the unitary cell the volume did not change
more than 0.4 %, then the addition of silver is not af-
fecting the compound. In other words the silver is not
substituting the interior of the compound therefore
the silver is occupying spaces between the grains of
the compound without affecting their structure.

The morphological properties were studied using
scanning electron microscopy (SEM), none of the sam-
ples showed a differences in contrast therefore at that
magnification and percentage of addition the silver
particles could not be defined by the microscope.

Transport properties were analyzed depending on
the temperature and the percentage of silver ad-
ded,the properties studied were electric resistivity
ρ(T ) and Seebeck coefficient S(T ) in the temperature
range between 85K and 300K. The electric resistivity
ρ(T ) of the samples decreased their magnitude with
the level of added silver. The lower value of resistivity
was obtained with the 3 % sample of silver. In the
case of the Seebeck coefficient it was positive throug-
hout the temperature range studied suggesting that
the conduction is given by positive charge carriers,
the lowest value of S(T ) was 185µV/K obtained with
the 5 % sample of silver and the highest value was
254µV/K for the 0 % sample.

In order to evaluate the thermoelectric properties of
the composites was use the thermoelectric power fac-
tor, which was calculated from measurements of ρ(T )
and S(T ). The maximum value of this performance
parameter was near 400µW/Km2 for the

The observed behavior in the transport properties
suggest these compounds as potential materials with
thermoelectric properties.
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The properties of CaTiO3 perovskite and its com-
pounds are determined by the synthesis and the struc-
tural modification of A and B sites [1,2]. These mo-
difications allow to achieve diverse applications of the
material in technological fields, like the design of whi-
te emission diodes, optoelectronic systems and mag-
netic devices with a superconductor behavior under

specific conditions [3]. The study of the partial substi-
tution of rare earths like Dy, Ho and Gd, with x = 0.1
in the basic configuration of CaTi1−xTRxO3 system
could provide structural, morphological and magnetic
properties of interest in a wide application field. So,
the samples were prepared by the solid state reaction
using TiO2, CaO, Dy2O3, Ho2O3, Gd2O3 as starting
materials The compositions were treated at 1473 K,
to promote the synthesis reaction as well as milling
process that guarantees the homogeneity of the so-
lids. The XRD results and Rietveld refinement sho-
wed an orthorhombic structure with a spatial group
Pbnm (62), with lattice parameters round a = 5.3954
Å and c = 7.6245 Å and minimal impurities for all
samples. The morphological characterization by SEM,
confirmed the obtaining of regular and homogeneous
solids with clusters sizes around 400 µm. Finally, the
magnetic characterization of the systems was evalua-
ted according to magnetization curves as a function of
temperature and hysteresis curves as a function of the
applied external field, using a vibrating sample mag-
netometer (VSM), resulting in a paramagnetic beha-
vior. The results showed that this information provi-
des relevant tools with respect to the effect of mass
transport properties, in order to elucidate the current
structure after the formation of complex defects (oxy-
gen vacancies).

[1] Y Wu, Z Sun, K Ruan, et al. Journal of Luminescence,
155, 269 (2014).
[2] RF Gonçalves, ARF Lima, MJ Godinho, et al. Ceramics
International, 41 (10), 12841 (2015)

[3] F Li, X Liu and T He. Chemical Physics Letters, 686,

78 (2017).
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Bi4Ti3−x(Nb0,5Fe0,5)xO12 (BTFNx) ceramics with
0 ≤ x ≤ 2 were synthesized to evaluate the ef-
fect of Fe3+/Nb5+ co-substitution into the B-site of
Bi4Ti3O12 (BIT). We show that the XRD pattern for
the compounds with x ≤ 1 is the characteristic one of
a layered perovskite structure belonging to the n=3
member of the Aurivillius family. Impurity peaks as-
signed to a pyrochlore phase were detected at higher
concentrations. Raman measurements corroborated
that Fe3+ and Nb5+ ions were incorporated into the
Ti sites of the Aurivillius structure. Frequency depen-
dent dielectric studies at room-temperature displayed
a reduction of both dielectric constant and loss tan-
gent with substitution, while the electric-field- indu-
ced polarization switching behavior indicated a ferroe-
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lectric character. It was observed that the ferroelec-
tric transition temperature decreased with increasing
Fe/Nb content. Magnetic measurements indicated no
evidence of ferromagnetic ordering, but antiferromag-
netic spin correlations between Fe3+ ions. First princi-
ples calculations performed on Bi4TiNbFeO12 predict
an electric spontaneous polarization of 30µC/cm2

and confirm the antiferromagnetic ground state of
the BTFN system, for which we obtain a nearest-
neighbor super-exchange coupling J=7meV. We asses-
sed different B sites configurations and found a pre-
ference for Ti3+ ions to be located at inner B sites.
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The MgB2 superconductor has great potential for
technological applications based on its critical tempe-
rature Tc (39 K), low cost of the raw materials, che-
mical simplicity and low anisotropy. Powder-in-Tube
(PIT) is the most used method to obtain supercon-
ducting cables due to its brittleness. In this work, we
employed grade 2 titanium as sheath material and a
mixture of 95 at % MgB2 (325 mesh, Alfa Aesar) and
5 at % SiC (20-30 nm) to assemble the superconduc-
ting cables. The set was laminated and / or drawn to
decrease its diameter [1]. Several configurations were
mounted in order to achieve better mechanical sta-
bility and flexibility from the obtained cables. The
starting filaments are placed in a compact array wit-
hin a titanium sheath and the rolling and / or dra-
wing process is repeated with intermediate recrysta-
llization heat treatments. The starting filament was
drawn with a hexagonal cross section to maximize
compaction of the multifilamentary cable. Cables were
prepared with arrangements of 7, 19 and 37 filaments.

We evaluated the titanium tube for the presence of
texture induced by the deformation during drawing
using XRD pole figures. We compared the state of the
monofilamentary cable sheath with that of the multi-
filamentary cables to determine the effect of a greater
degree of deformation arising from the thermomecha-
nical treatment.

The critical current density of the cables was eva-
luated using a SQUID magnetometer.

[1] A. Cabrera, Desarrollo de un cable multifilamentario de

MgB2 envainado en una aleación de titanio, Master Thesis,

Instituto Sábato, 2017.
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Cupric oxide (CuO) films were grown on glass, si-
licon, MgO and PMN-PT ((1-x)[Pb(Mg1/3Nb2/3)]-
x[PbTiO3]) substrates by reactive sputtering techni-
que. The relation between the deposition parameters
and the CuO structure and morphology was investiga-
ted. It was observed that the growth of CuO at tem-
peratures higher than room temperature is affected
by the substrate?s lattice parameters, inhibiting the
grown of CuO in some cases. Also, the polycrystalline
structure of the CuO is correlated with the ionization
power used during the deposition. The roughness and
morphology of CuO are influenced by the O2 flow rate
as well. The use of a buffer layer aiming to enhance the
crystallinity of CuO was studied. Preferential grown
along the [-111] direction using 5 nm thick Ru film at
room temperature was obtained, accompanied by an
improvement of the morphology. These results could
be useful for better understanding the CuO growth
process of, e.g., CuO-based devices, in which the sur-
face quality is very important.

[1] T. Itoh et al., Vacuum 81 (2007) 1068. [2] M.
Kawwam et al., Applied Surface Science 518 (2012)
9949.
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Band-edge photoluminescence of wurtzite-type zinc
oxide (ZnO) materials reveals a phonon-assisted ul-
traviolet (UV) emission enhanced by Na doping. We
report synthesis process of pure and Na doped ZnO
describing changes, in the structure and optical pro-
perties as a function of doping concentration and synt-
hesis temperature. Obtained samples are nanoneedles,
microparticles, and microwires. The structural effect
of Na doping is studied by x-ray diffraction and Ra-
man spectroscopy. Photoluminescence reveals a con-
tribution of band bending at the surface of nanos-
tructures, decreasing with raising Na concentration.
Franz-Keldysh effect predicts strong electric field loca-
lized in depletion region [1, 2] and may be the cause of
red-shift in UV band emission of nanoneedles in com-
parison to microwires. Our results suggest that Na do-
ping introduces an acceptor level between 150 and 200
meV above the valence band. Na doped ZnO micro-
wires structures are promising for room-temperature
blue/UV optoelectronics.

[1] W. Z. Franz, Naturforsch, 13, 484, 1958.

[2] Ferreyra et al, Solid State Comm. 257, 42, 2017.
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Materials which present simultaneously two or mo-
re ferroic orders are called multiferroics. Among the-
se, magnetoelectric materials possess both magnetic
(ferro- and/or antiferromagnetism) and ferroelectric
ordering. Such magnetoelectric effect is very inter-
esting from the point of view of fundamental phy-
sics, and could also lead to applications in spintronics
and other fields.Among the magnetoelectric multife-
rroic materials suitable for applications, bismuth ferri-
te (BiFeO3, BFO) has attracted much attention as it
is perhaps the only known single-phase perovskite ex-
hibiting coupled magnetic (antiferromagnetic) and fe-
rroelectric ordering with transition temperatures hig-
her than 300 K, which is essential for applications. In
this work, we report on structural and magnetic cha-
racterization of a series of epitaxial BFO thin films
grown by low deposition rate RF magnetron sputte-
ring. The samples grown under these conditions have
presented an evolution of the quality of the epitaxy as
the deposition temperature increases, however, a spu-
rious beta-Bi2O3 and supertetragonal BiFeO3 phases
are present in the films grown at higher temperatu-
res. Firstly, we present the structural and morpholo-
gical characterization, performed by x-ray diffraction

(XRD) and atomic force microscopy (AFM), which
shows evidences of these parasitic phases nucleation
in some samples. Secondly, we discuss the presence of
anhysteretic and hysteretic magnetic behavior in mag-
netization measurements carried out by SQUID mag-
netometry. The origin of the magnetic moment, for
each case, is attributed to different parasitic phases.
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Ramirez B. R.2, Hurtado Macias A.3, Arnache O.4,
Lopera W.1, Gomez M. E.5 1, Zambrano G.1
1 Thin Film Group, Universidad del Valle, A.A. 25360,

Cali, Colombia
2 Centro de Investigación y de Estudios Avanzados del
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This work presents the study of nickel-zinc ferri-
tes (Ni(1−x)ZnxFe2O4) synthesized by chemical co-
precipitation method at temperatures of 45 ◦C and
80 ◦C for two different zinc concentration (x = 0.25
and 0.75). The analyzes of magnetic nanoparticles by
X-ray dispersive energy (EDX) and infrared spectro-
metry by Fourier Transform (FTIR), showed the pre-
sence of nickel, zinc, iron and oxygen and the forma-
tion of normal spinel structure confirmed by X-ray
diffraction (XRD). The crystal size, for all samples,
was calculated using the Scherrer equation showing
an average size of 5 and 15 nm for the synthesis tem-
peratures of 45 and 80 ◦C, respectively. Subsequently,
by Transmission Electron Microscopy (TEM), nano-
particles size were estimated, indicated that is simi-
lar to the size of the crystallite calculated by XRD.
Finally the magnetic properties are characterized at
room temperature by a magnetometer of vibrating
sample (MVS) to measure the behavior of magnetic
susceptibility AC. The results showed a superpara-
magnetic behavior, with a decreasing coercive magne-
tic field and a saturation magnetization that increa-
ses with the zinc concentration while decrease with the
synthesis temperature. On the other hand, the satura-
tion magnetization presents higher values in compared
with cobalt zinc ferrites (Co(1−x)ZnxFe2O4), a result
that is relevant for the use of these (Ni(1−x)ZnxFe2O4)
nanoparticles in biomedical and magneto-optical ap-
plications.
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By measuring the lattice parameter of Ni nanowi-
res (NiNW) electrodeposited into the nanopores of
self-organized anodic aluminum oxide (AAO) we de-
termine the Poisson ratio and thermal expansion of
AAO. The measurements were performed in AAO
membranes after a two-step anodization in oxalic-acid
on which the NiNW were electrodeposited into the
pores. The NiNWs up to lengths of ≈ 1 µm, cove-
red about 10 % of the AAO area and less than 5 % of
the membrane thickness. The Poisson ratio of AAO
is significantly larger (about 50 %) than in polycrys-
talline α−Al2O3. Also the thermal expansion of self-
standing AAO along the pore axis is near-zero and
negative. Our results are consistent with the magnetic
anisotropy variations measured by ferromagnetic reso-
nance and magnetization as function of temperature.
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Multiferroic materials, which simultaneously ex-
hibit ferroelectric and magnetic orders in the sa-
me phase, have been intensively studied [1]. Due to
their excellent ferroelectric properties, the Aurivi-
llius compounds, with the general formula (Bi2O2)2+

(An−1BnO3n+1)2− are getting more and more at-
tention of researchers [2]. The Bi5Ti3FeO15 (n=4),
(BTFO) is a promising candidate in this group with
a structure that consist of four layers of perovskite

units of (Bi3Ti3FeO12)2− sandwiched in between two
(Bi2O2)2+ layers along the c-axis. In this work, we
present a high-pressure synchrotron X-ray diffraction
(SXRD) and Raman spectroscopy study of BTFO.
Single-phase BTFO ceramics have been synthesized
by solid-state reaction. At ambient conditions, BTFO
crystallizes in the orthorhombic space group A21am
in accordance with the previous studies [3]. The de-
termined lattice parameters are a = 5.4406 Å, b =
5.4637 Å and c = 41.2626 Å. The lattice parameters,
a and b constantly decrease with increasing pressu-
res and suddenly overlap at 3.8 GPA. The SXRD and
Raman results strongly suggest that the BTFO un-
dergoes an orthorhombic-tetragonal pressure-induced
structural phase transition around 3.8 GPA.

[1] S. Dong, J.M. Liu, S.W. Cheong, and et.al, Adv. Phys.
64, 519 (2015).
[2] F.A.A. Aguiar, A.J.M. Sales, B.S. Araújo, and et.al, J.
Electron. Mater. 46, 2467 (2017).

[3] A. Snedden, C.H. Hervoches, and P. Lightfoot, Phys.

Rev. B 67, 92102 (2003).
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Cellular materials are currently being used for ap-
plications involving energy absorption by irreversible
plastic deformation. The possibility of employing ma-
terials presenting pseudoeslastic behavior would ex-
pand their application to dynamic solicitation with
reversible deformation. Copper shape memory alloys
in the Cu-Al-Ni and Cu-Zn-Al systems had being lar-
gely studied along the years [1]. In particular, cellu-
lar materials had already being prepared using spa-
ce holders infiltrated with melted Cu-Zn-Al alloys [2].
Nevertheless their resulting grain size is in the milli-
metre range, leading to transgranular fracture after a
few compression cycles. The powder metallurgy route
is proposed as an option for grain size reduction in an
effort to avoid this failure. Cu-Ni-Al system was selec-
ted as it is more promising for actuator applications.
The initial alloy powder precursor was prepared in a
Fristsch Pulverissette 7 mill, to obtain a pre-alloyed
mixture of Cu-13.5Al-4Ni composition. This powder
is manually mixed with the space holder (ammonium
bicarbonate) that is eliminated after compaction with
a thermal treatment. Then the pellet is encapsulated
in argon and sintered for 2 days before quenching in
water to retain the shape memory phase. Phase for-
mation is controlled by x-ray diffraction. X-ray tomo-
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graphy (X-Radia Micro XCT-200) allows a comple-
te structural characterization of the obtained foams.
The cell size distribution, connectivity and resulting
porosity can be evaluated from the volumetric recons-
truction. Tortuosity is obtained from spatial distance
maps and cell wall thickness is evaluated from voxel
intensity variation.
[1] J. Mohd Jani, M. Leary, A.Subic et al; Materials and

Design 56, 1078 (2014).

[2] G. Bertolino, A, Gruttadauria, P. Arneodo Larochette

et al; Intermetallics 19, 577 (2011).
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Severe Plastic Deformation (SPD) has been used as
a grain refinement technique reaching submicrometer
scale owing to the excellent mechanical and functional
properties exhibited by the ultra-fine grained (UFG)
materials [1]. The most studied SPD techniques are
High Pressure Torsion (HPT), Equal Channel Angu-
lar Pressing (ECAP) and Multi-Axial Compression
(MAC) [2]. MAC stands out among these techniques
because it is possible to evaluate the mechanical beha-
vior evolution during the processing, and it is easy to
process. In addition, large specimens can be processed,
allowing its application as an industrial process. Ho-
wever, MAC induces strain heterogeneity in the mate-
rial, which leads to different mechanical behaviors th-
roughout the specimen. In the present research MAC
was applied to pure Aluminum (99,77 percent) under
constrained deformation and the strain distribution
after processing was evaluated through microhardness
maps. MAC processing induces larger strains in the
center and along the diagonals of the specimens, pro-
bably associated with the friction between the anvils
and the specimen and the restraining effect of the die
walls.

[1] Kumar, S.S.; Priyasudha, K.; Rao, M.S.; Raghu, T.
Materials & Design, v. 101, p. 117 (2016)

[2] Faria, C.G.; Almeida, N. G. S.; Aguilar, M.T. P.; Cetlin,

P. R. Materials Letters, v. 174, p. 153 (2016).
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The RA-10 is a 30 MW multi-purpose reactor under
construction in Ezeiza, Buenos Aires, designed to sa-
tisfy national and regional demand for radioisotopes,
nuclear materials testing and neutron beams research.
The reactor will start operations on 2021, it will have a
liquid deuterium cold source and a large guide hall for
instruments. Since 2016 the National Atomic Energy
Commission has started a project called ”The Argen-
tinean neutron beams laboratory for the RA-10 reac-
tor” (LAHN); aimed at implementing state-of-the-art
instruments, developing a user community and the la-
boratory staff. Two instruments are being designed for
the first stage of this laboratory: (i) a neutron imaging
instrument on a cold beam; and (ii) a multi-purpose
diffractometer on a thermal beam, optimized for non-
destructive studies on large objects. Both instruments
will be placed on the reactor face, in order to exploit
very intense, undisturbed, neutron beams. Besides
this, an ambitious program has started to popularize
neutron techniques in Argentina and create new users.
A second phase for the project is being evaluated, ta-
king into consideration the demands of the local and
regional scientific community. In this work, the pre-
sent state of the project is described, providing details
of the instruments design and the strategies imple-
mented to develop the Argentinean users community.
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Comparative study of synthesis and cha-
racterization of the Bi1−x(Y1−y Bay)xFeO3

system (with x = 0, 0.07; y = 0, 0.5),
using mill scale iron waste
Garcia Y.1, Mejia J.2, Parra C.1
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In this work we report the synthesis and
structural characterization of bismuth ferrite
Bi1−x(Y1−yBay)xFeO3 with x = 0.07; y = 0,
0.5: produced by solid state reaction technique. The
Bi1−x(Y1−yBay)xFeO3 system was produced using
two processes: a first group of samples was produced
employing mill scale iron waste (heat treated) used
instead of the commercial iron oxide , in the same
way, samples with the same stoichiometry were
produced using the traditional solid state reaction
process. Thus, we present the comparative study of
the effect of the use of mill scale on the conformation
of the crystalline structure of the bismuth ferrite
and we compare it with traditional samples. The
samples were calcined in a tubular oven at 800◦C
for 40 hours. In both cases, the resulting samples
were characterized by X-ray diffraction technique in a
PANalytical X’pert PRO MPD equipment, Co-K ra-
diation (λ = 1.7902Å), and Rietveld refinement using
GSAS program. The results confirm the obtaining of
monophasic solid solutions with rhombohedral struc-
ture R3c. For the samples obtained from mill scale
waste, the presence of secondary minority phases was
evident. The analyses of microstructure by Scanning
electron microscopy (SEM), performed on JEOL
JSM 6490-LV equipment, showed the homogeneous
conformation for the samples obtained with analytical
grade oxides, while in the case of those obtained with
mill scale, different heterogeneous conformations of
varying composition were observed, forming clusters
of 400-600 µm.

P-300 PWQ-VIII-8

Crystalline structures y preferential surfa-
ces developed in the Al-Ni-O system
Obregon S.1, Esquivel M.1
1 Comisión Nacional de Enerǵıa Atómica-Centro Atómico

Bariloche-Consejo Nacional de Investigaciones Cient́ıficas

y Técnicas- Universidad Nacional del Comahue

E-mail: esquivel@cab.cnea.gov.ar

The nuclear activity generates wastes that must be
treated before final deposition. This treatment is im-
perative in diluted wastes to separate the contami-
nant from the main water volume in order to achieve

a safe disposal and an adequate recovery of both cons-
tituents. This problem mainly occurs with Sr2+ and
Cs+ contaminated waters. To safely remove the ca-
tions, an electrochemical method is selected. The met-
hod consist on the design of electrodes using Al2O3-Ni
composites. The electrodes are obtained using a me-
chanically treated mixture of C, Al and Ni powders.
Pellets of Al-Ni are compacted using C as a pore ge-
nerator. Once obtained, pellets are sintered at 1400
◦ for 12 h. As a result, porous samples of Al2O3-Ni
and Al2O2 are obtained. Samples with NiO are re-
duced in H2 to analyze the stability of the Ni con-
tent in the Al2O3 matrix. Structure and microstruc-
ture is studied by XRD. Morphology and crystalli-
ne habits of the composites is analyzed by combi-
ned SEM-EDS. The combined presence of Al2O3, NiO
and NiAl2O4 is observed. Samples present crystalline
habits associated to the Fm3m space group with si-
zes between 5 and 20µ. Samples with diverse carbon
contents show porous with sizes between 5 and 50
µ. Pellets are mechanically and morphologically ap-
propriated for the task designed for.The characteriza-
tion by SEM shows predominant surfaces associated
to Ni-content Fm3m phases. These phases are inti-
mately mixed to the Al2O3 ones. This fact ensures
a stable structure that works properly when submer-
ged in contaminated water. Electrochemical measure-
ments shows a removal of cations by reduction near
70 % of the nominal content on the selected solution.

P-97 PWQ-VIII-9

Phase Transition in (RT )CrO3(4) (RT =
Dy, Gd and Nd) Studied by X-ray Diffrac-
tion and X-ray Absorption Spectroscopy
Fabian F. A.1, Moura K. O.2, Barbosa C. C. S.1,
Garcia F.3, Duque J. G. S.1, Meneses C. T.1
1 Departamento de F́ısica, Universidade Federal de
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We report experimental studies in (RT )CrO3(4)

(Dy, Gd and Nd) compounds obtained by co-
precipitation method and analyzed at different tem-
peratures. The in situ X-ray diffraction measurements
using synchrotron radiation allied to Rietveld refine-
ment performed in precursor revealed the formation of
RTCrO4 zircon-type structure (tetragonal with spa-
ce group I41/amd) to start 400oC up to nearly 650oC
followed by the phase transition to RTCrO3 (orthor-
hombic with space group Pbnm) for annealing tempe-
ratures above 650oC. Evolution of the Cr K-edge in X-
ray absorption near edge structure (XANES) results
have been also observed trough of a change of oxi-
dation states Cr5+ to Cr3+ to depend of the calcina-
tion temperature of the sample. These changes are ac-
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companied with ferromagnetic-antiferromagnetic pha-
se transition from RTCrO4 to RTCrO3 observed by
magnetization measurements as a function of field
and temperature. Moreover exchange bias phenome-
non has been observed to depend of rate RT ions.

P-246 PWQ-VIII-10

Effect of Nb5+ donor doping on the struc-
tural properties and phase transitions of
the BNBT6 lead free electroceramics
Albornoz Diaz J. C. C.1, Venet Zambrano M.1, da
Silva Junior P. S.1
1 Programa de Pos-Graduaçãoo em F́ısica, UFSCar, São

Carlos, SP, Brazil

E-mail: jccadun@df.ufscar.br

The effect of Nb5+ substitution in
[(Bi0,5Na0,5)0,94Ba0,06](Ti(1−x)Nbx)O3 (BNBT6-
100xNb) has been studied by conventional X-ray
diffraction and mechanical and dielectric spectros-
copies. Ceramic samples of BNBT6-100xNb, with
x=0, 0.005, 0.01, 0.02 and 0.04, were prepared via
the conventional solid state reaction method. X-ray
diffraction patterns obtained for all the sintered
samples at room temperature (RT) confirm the
formation of perovskite structure without spurious
phases. The BNBT6-0Nb composition was confirmed,
using the Rietveld refinement method, to be at
the morphotropic phase boundary of the BNT-BT
system. When niobium is added, a clear evolution
towards the tetragonal phase was observed, with
corresponding disappearance of the rhombohedral
diffraction peaks. A possible mix of different types
of tetragonal phases (at RT) was indicated by the
splitting of the peaks of the tetragonal phase, but
corresponding refinements have to be done to confirm
this assumption. The addition of niobium produces
evident variations in the mechanical and dielectric
responses. The differences in the anelastic spectra,
generated by addition of Nb5+ as a donor element,
indicate higher compositional disorder which may
lead to a declining of the piezoelectric properties.
From the mechanical and dielectric measurements
is evident the shift to low temperature of the phase
transitions with increase of Nb. The broad form
of the observed transitions indicate in every case a
diffuse character, as in the Nb-free composition.

P-142 PWQ-VIII-11

Study of the influence of the ionic radius
on structural and magnetic response of
the Pr0,5−xEuxCa0,5CoO3−δ system
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Vargas 1, A . J . Barón- González 1
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The Metal-insulator Transition (MIT), of the oxides
type perovskite formed by elements of earth rare (Tr),
exhibits an interesting behavior in the family derived
from Pr0,5Ca0,5CoO3−δ [1]. Many works have concen-
trated on the study of materials based on cobaltites
doped by substitution of some of their atoms [2].The
influence of ionic radius on the structural and magne-
tic properties of the family of Pr0,5−xEuxCa0,5CoO3−δ
cobaltites with x = 0.02, 0.04, 0.06, 0.10 and 0.50 is
discussed in this work.The Pr0,5−xEuxCa0,5CoO3−δ
family crystallizes in an orthorhombic structure of
space group Pnma (62), without significant changes
of structural phase generated by the variation of the
ionic radius, it is evidenced by the X-ray diffrac-
tion analysis and Rietveld refinement of samples (the
cell parameters are approximately a ≈ 5,3683(25)Å,
b ≈ 7,5962(41)Å and c ≈ 5,3652(19)Å). The magne-
tization measurements as a function of temperature
with the vibrant magnetometer VSM of Quantum De-
sign, in a temperature range of 50K to 300K showed
a paramagnetic behavior with a weak ferromagnetic
feature in 50K due to the presence of ferromagnetic
clusters.

[1] J. Padilla-Pantoja, A. J. Barón-González,B. Bozzo et
al., Physica B: Condensed Matter 455, 56 (2014).

[2] J.Hejtmnek, Z. Jirak, O. Kaman et al., The European

Physical Journal B 86, 305 (2013).

P-103 PWQ-VIII-12

Synthesis and characterization of TM-
doped CeO2 (TM = Fe, Co, Cr and Mn)
nanoparticles obtained by hydrothermal
method
Barbosa C. C. S.1, Costa I. M.2, Duque J. G. S.1,
Meneses C. T.1, Almeida J. M. A.1
1 Departamento de F́ısica, Universidade Federal de
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In this work, we studied the effect of the level and
kind of dopant in development of a long-range magne-
tic order in TM-doped CeO2 nanoparticles obtained
via hydrothermal method. Detailed analyses were ca-
rried out with the purpose of verifying the influence
of insertion of the transition metals on the structu-
ral and magnetic properties of the compounds. In the
studied doping range (up to x = 0.10), X-ray diffrac-
tion, UV/vis absorption and TEM images. The Riet-
veld refinement analysis of XRD patterns show that all
particles have a cubic structure (Fm-3m space group)
with particle average sizes ranging from 8 to 12 nm.
From analysis the TEM images, we estimate the par-
ticles size distribution and observe that nanoparticles
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have a spherical-like shape. The UV/vis absorption
data allows us to state that the doping up to x =
0.10 is not sufficient to change the band gap when
compared to the pure CeO2 independent particles si-
ze distribution. On the other hand, the magnetization
measurements display a saturation phenomena at T
= 5 K and a Curie-Weiss behavior in a wide range
of temperature. From a fit of the Curie-Weiss law we
were able to state that the amount of paramagnetic
ions is smaller than nominal concentration of samples.

P-69 PWQ-VIII-13

Bifunctional magnetic nanoparticles sys-
tems for gamma-dosimetry
Tobia D.1, Lima Jr. E.1, Facchini G.2, Zysler R.1,
Raineri M.1, Troiani H.3, Winkler E.1
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Electron paramagnetic resonance (EPR) is a wi-
dely employed technique for non-destructive measu-
rements of defect centers in organic materials caused
by irradiation. Applications include general radiation
dosimetry, analysis of out-coming products after ra-
diation chemistry and supervision of food irradiation
processes. In particular, L-Alanine (L-Ala) and Hy-
droxyapatite (HAp) are good based materials to em-
ploy in gamma-irradiation dosimetry. After ionising
radiation both systems exhibit defects that are stable
in time and can be measured by EPR. The possibi-
lity of combining these materials with other phases
that allow manipulation of different physical proper-
ties opens new fields for the design of specific sensors.
For example, a bifunctional material can combine a
magnetic phase, which allows the manipulation of the
system through an external applied field, and a ra-
diation sensitive phase that gives information of the
received dose.
With this objective we fabricated Fe3O4 and
ZnxFe3−xO4 nanoparticles with diameters of 10-20
nm by the high-temperature decomposition method.
Subsequently we combined the nanoparticles with the
L-Ala or HAp phases through a simple wet chemi-
cal route. TEM micrographs confirmed the presen-
ce of magnetic nanoparticles embedded in the orga-
nic materials. The systems were gamma-irradiated at
the RA-6 Nuclear Research Reactor located at the
Centro Atómico Bariloche. Prior to irradiation, no
L-Ala or HAp signals were detected by EPR. Af-
ter irradiation, all systems exhibited the superim-
posed signals of both counterparts. The nanoparti-
cles broad line remains unaltered after irradiation,
while the defects generated on the corresponding or-
ganic phase arise with intensities depending on the

received dose. Here we present the preliminary re-
sults on these new bifunctional systems and dis-
cuss the possible application as specific sensors.

P-471 PWQ-VIII-14

Stoichiometry and temperature influences
on electrical, optical and electro-optical
properties of PLMN-PT ceramics
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Transparent relaxor ferroelectric ceramics of
the system lanthanum modified lead magnesium
niobate (PLMN-PT) have been investigated for
a variety of electrical, optical and electro-optic
properties. The capabilities of these materials
could make them very useful in electro-optic and
multifunctional devices. However, a study that
relates the optical, electrical and electro-optical
properties in function stoichiometric formula and
temperature, it has not been analyzed. Therefore,
in this work the characterization microstructural,
structural, electrical, optical and eletro-optical on
(1-x)[Pb(1-3/2y)Lay(Mg1/3Nb2/3)O3]-xPbTiO3 and
(1-z)[(1-x)Pb(Mg1/3Nb2/3)O3+xPbTiO3]+zLa2O3
with z=0.01, y=0.01, and 0.11x0.15 has been perfor-
med. PLMN-PT ceramics were produced by uniaxial
hot-pressing. The results revealed a homogeneous
microstructure and high relative density. Conse-
quently, high optical transmittance was achieved.
It was observed that the properties according to
the stoichiometric formula and the PT had a ma-
ximum, whose behavior was related to the addition
of lanthanum in each of the stoichiometries and
different scattering caused by the addition of PT. The
electro-optical properties in function of temperature
were also analyzed.
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The synthesis, crystal structure and magnetic pro-
perties of two members of the Garnet REIG materials
RE3Fe5O12 where the rare earths RE (RE = Dy, Gd
and Ho) are described. X-Ray powder diffraction mea-
surements show that these materials crystallize in cu-
bic structure with space group Ia3d (#230). The unit
cell parameters, atomic positions and site occupancies
were calculated by Rietveld through the GSAS code
reveal. Where a = 12,4869 Å, a = 12,4723 Å and
a = 12,3833 Å were the lattice parameters for GdIG,
DyIG and HoIG respectively.

The experimental results show the existence of the
double peak in the coercitive force Hc near Tcomp for
these RE3Fe5O12 Garnets compounds near Tcomp.
The experimental values of Tcomp are approxima-
tely 135 K, 226 K and 137 K for GdIG, DyIG
and HoIG respectively. It is also reported the exis-
tence of a double peak in Hc for the GdIG mate-
rial since the peaks in their compensation tempe-
rature have not previously been shown to exist.
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Thermodynamic properties, electronic
structure, crystallographic and magnetic
response of the Sr2HoNbO6 material
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J.2
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In this work we use the Wien2k within the frame-
work of the Kohn-Sham Density Functional Theory
(DFT), applying the Full-Potential Linear Augmen-
ted Plane Wave method (FP-LAPW) and adopted
the Generalized Gradient approximation (GGA) for
the exchange-correlation energy due to Perdew, Bur-
ke and Ernzerhof for the calculation of the Density of
States and band structure of the Sr2HoNbO6 double
perovskite. For calculations we consider the Fm3m (#

225) space group, which was experimentally obtained
from the solid-state reaction synthesis and structural
characterization of this material by X-ray diffraction
measurements and Rietveld refinement. The experi-
mental lattice parameter was 8.018 Å, which is 99.2 %
in agreement with the theoretical prediction from the
minimization of energy through the Murnaghan state
equation. From measurements of magnetic susceptibi-
lity as a function of temperature and adjustment with
the Curie law the effective magnetic moment was ob-
tained to be 10,01µB. This value is close to the theore-
tical expected from the Hund’s (10,60µB). An energy
gap of 3.3 eV between the valence band and the con-
duction band reveals the insulator character of the
Sr2HoNbO6 complex perovskite for the spin up con-
figuration but a semiconductor feature is observed for
the spin down polarization. The thermodynamic pro-
perties were calculated from the state equation using
the quasi-harmonic model of Debye. A specific heat
behavior CV ∼ CP was found at temperatures below
T = 500 K, with Dulong-Petit limit values doubling
those reported for simple perovskites.
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Improving the ionic conductivity in nanos-
tructured membranes based on Poly(Vinyl
Alcohol), Chitosan, Phosphoric Acid and
Niobium oxide
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Nanostructured membranes based on poly(vinyl
alcohol) (PVA), chitosan (CS), phosphoric acid
(H3PO4), and Niobium oxide (Nb2O5) were prepa-
red by solution casting method. The ionic transport,
structural, thermal, and mechanical properties we-
re studied by different techniques. The solution con-
centration ratio of 80/20 (PVA/CS) was chosen due
to their mechanical properties. The 80/20 (PVA/CS)
membrane was doped with 40 % phosphoric acid
(H3PO4) and characterized. Finally, the membranes
were mixed with Niobium oxide (Nb2O5) nanopar-
ticles at different concentrations. Thermal analysis
shows a glass transition temperature between 8 ◦C
and 18 ◦C with a melting point around 160◦C. Impe-
dance spectroscopy was conducted to determine the
conductivity of the samples. The maximum conduc-
tivity was 4.67x10-2 Scm-1 at 130◦C for the sample
with 6 % of nanoparticles, improving the ionic con-
ductivity with respect to the sample PVA/CS + 40 %
H3PO4, respectively. The addition of Nb2O5 nanopar-
ticles made the membranes more effective with respect
to their ionic conductivity.
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Study of the crystalline structure of double
perovskites Sr2FeMo1−xNbxO6 obtained by
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The perovskite-type compounds have many pro-
perties as half-metallicity, colossal magnetoresistan-
ce, ionic-electronic conductivity or superconductivity
among the most relevant. Exist many possible applica-
tion areas for perovskites, because of the physical pro-
perties which could be modified according to the che-
mical content. One example representative is double
perovskite Sr2FeMoO6 because this compound shows
many of the mentioned properties. Turning it into a
good candidate to be used in the development of in-
formation storage devices or electrodes for solid oxi-
de fuel cells. A similar compound is the insulating
Sr2FeNbO6, in the which it is known the Mo subs-
titution Nb is linked to magnetic and electronic tran-
sitions [1, 2]. In this work, polycrystalline samples of
Sr2FeMo1-xNbxO6 where (x = 0 to 1 with 1/10 steps)
were synthesized using the molten salts method for the
first time. Crystalline structure was studied by X-ray
diffraction and the Rietveld refinement method.

[1] B. G. Park, Y. H. Jeong, J. H. Park, et al., Physical
Review B, 79, 035105-1 (2009).

[2] X. Zhao, R. C. Yu, Y. Yu, et al., Materials Science and

Engineering B, 111, 101 (2004).
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The main objective of reactive milling is to achie-
ve an intermetallic compound as a product of two or
more alleys. Depending on the case involved, four dif-
ferent stages can be identified during reactive milling:
initial, intermediate, final and completion. The initial
stage is controlled by fracture process. During this
step, compositional homogeneity is not reached. The
intermediate stage is controlled by both fracture and
cold welding. At this stage, compositional changes are
clearly evidenced. As milling continues, the cycle of
fracture and cold welding reaches equilibrium and the
formation of new structures is identified at the final
stage. The completion stage occurs when further mi-
lling only lead to a refinement of the powder, as in a
steady state processing stage [1, 2]. Alternatively, a de-
composition of the major final structure might occur.
These four stages are generally identified taking into
account x-rays diffraction (XRD) and scanning elec-
tron microscopy (SEM) results. The first technique
gives a statistical analysis of the former alleys compo-
sition changes and the final intermetallics formation,
while SEM can evaluate the morphological and size
evolution of particles through the four stages. Trans-
mission electron microscopy (TEM) is a useful techni-
que to complement both SEM and XRD results. The
combination of several TEM techniques can provide
information about the inner grain structure and par-
tial alley segregation. Moreover, the higher accuracy
of TEM techniques at nanoscale allows to identify the
formation of intermetallics at shorter integrated mi-
lling times than XRD. The aim of this work is to show
how statistical techniques like XRD and SEM combi-
ned with TEM techniques can elucidate a complete
characterization of each milling stage. To achieve this
goal a summary of different metal-based reacting sys-
tems is discussed.

[1] C. Suryanarayana, Progress in Materials Science, 46, 1
(2001).

[2] M.F. Giordana et. al., Metallography, Microstructure

and Analysis, 6, 139 (2017).
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The Haldane-Shastry model with a rapi-
dity interaction
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We study numerically the exact solution of the
Haldane-Shastry (HS) model for finite size chains
with a long-range chiral interaction. This interaction
is based on the rapidity operator of its Yangian al-
gebra, which is like a Dzyaloshinskii-Moriya (DM)
interaction. We characterize numerically the ground
state and its level crossings as a function of the
DM strength in an exact diagonalization procedure.
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DFT Study of Ga Role in Acetylene
Semihydrogenation on PdGa(110) Surface
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Recently, it has been proved that intermetallic com-
pounds formed by transition (Pd and Co) and sim-
ple (Ga and Al) metals provide excellent efficiency
and high selectivity for the hydrogenation of Acety-
lene to Ethylene. For this reason we have studied
that reaction on PdGa(110) surface using density
functional theory (DFT) calculations. The reaction
C2H2 + H2 −→ C2H4 is modeled and understood
in terms of chemical bonding change. The evolution
of electronic structure and electron density plot al-
so shed more light on the role of Pd, Ga, and C2H2

during hydrogenation reactions. This new way of loo-
king at a particular chemical reaction includes the
changes in bond order in the different reaction steps.
Our results reveal that the Ga is necessary part of
the active site and not a single spacer. We also found
that additional hydrogenation is energetically more
expensive than ethylene desorption, which shows that
this catalyst has a high selectivity for this process.
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1 Centro Atómico Bariloche - Comisión Nacional de
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Given an arbitrary measurement over a system of
interest, the outcome of a posterior measurement can
be used for improving the statistical estimation of the
system state after the former measurement. Here, we
realize an informational-entropic study of this kind of
(Bayesian) retrodicted quantum measurement formu-
lated in the context of quantum state smoothing. We
show that the (average) entropy of the system state
after the retrodicted measurement (smoothed state)
is bounded from below and above by the entropies of
the first measurement when performed in a selective
and non-selective standard predictive ways respecti-
vely. For bipartite systems the same property is also
valid for each subsystem. Their mutual information,
in the case of a former single projective measurement,
is also bounded in a similar way. The corresponding
inequalities provide a kind of retrodicted extension of
Holevo bound for quantum communication channels.
These results quantify how much information gain is
obtained through retrodicted quantum measurements
in quantum state smoothing. While an entropic re-
duction is always granted, in bipartite systems mutual
information may be degraded.
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We report experimental and theoretical results of
adsorption of CO2 on Cs- and Na-doped mordenites.
This kind of materials are very good candidates to
be funtionalized as trap of gases emerging of internal
combustion engines. In the experiments, the carbon
dioxide was adsorbed at 100oC and then a contro-
led thermal desorption was performed. In each step,
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Fourier Transform Infrared (FTIR) spectra were mea-
sured. Besides, first principles DFT calculations we-
re done for CsxNa1−x with x = 0, 0,25, 0,50, 0,75, 1.
We have calculated geometries and energies for each
adsorption situation as well as the corresponding vi-
brational modes. The possibility to have own ex-
perimental and theoretical results brings us an op-
timal condition to explore new materials of high
impact in environmental science and technology.
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The possibilities of Ni as contact material in elec-
tronic applications has motivated the interest on the
intermetallic phases of the Ni-In system in relation
to the In-Sn alloys and their use in lead free micro-
soldering processes. In spite of this, the available lite-
rature about cohesive, electronic and magnetic pro-
perties of the Ni-In system is scarce. A theoreti-
cal study of such properties specifically for the com-
pounds Ni3In-hP8, Ni2In-hP6, NiIn-hP6 and Ni2In3-
hP5, was previously carried out by the authors. The
present work complements such study by including
two additional phases, i.e., Ni3In-cP4 and NiIn-cP2,
which compete in stability with Ni3In-hP8 and NiIn-
hP6, respectively. In particular, we are interested in
the analysis of the relative stability between Ni3In-
hP8 and Ni3In-cP4 phases, noticing that previous
ab initio calculations conduct to conclusions different
from the ones presented in this work. To investiga-
te this issue we perform calculations using the Full
Potential Linearized Augmented Plane Waves (FP-
LAPW) method, within the framework of the Density
Functional Theory (DFT) and both Generalized Gra-
dient (GGA) and Local Density (LDA) approxima-
tions. Structural parameters, formation energies and
cohesive properties of the studied phases and its cons-
tituent elements were obtained through minimization
of the unit cell parameters. For the Ni3In-hP8 and
Ni3In-cP4 phases, we also calculate their elastic cons-
tants, and based on the averaged elastic moduli, we
present some predictions concerning the mechanical
properties of these phases and the thermodynamic

properties were calculated from the equation of sta-
te using the quasi-harmonic model of Debye. Finally,
the electronic characteristics of several Ni-In com-
pounds are compared through the density of states
(DOS) of each optimized structure revealing that only
Ni3In-hP8 and Ni3In-cP4 are ferromagnetic phases.
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The concept of a continuous-time non-Markov
Chain is generalized into the quantum approach using
a completely positive (CP) map and the Renewal
theory. This point of view introduces in a phenomeno-
logical way the concept of disorder, in order to study
anomalous transport problems in a quantum open sys-
tem. The resulting evolution operator is a CP non-
Markovian generator for the dynamics of a dissipative
quantum open system [1]. If the waiting-time of the
Renewal approach is exponential, we recover a CP se-
migroup for the infinitesimal generator. Two models
of non-Markovian evolution have been solved conside-
ring different types of waiting-time functions on a dis-
sipative quantum walk (a tight-binding model), long
and short times asymptotic results are found analy-
tically using the Tauberian theorem for the inverse
Laplace transform [2]. Extensions for n-body models
are discussed in the context of Fock’s representation.

[1] M.O. Caceres, Non-equilibrium Statistical Physics with
Application to Disordered Systems,Springer, (2017).

[2] M.O. Caceres, Eur. Phys. J.B. (2017) 90: 74.

P-410 PTC-IX-7

Localization effects of quantum coheren-
ces in solid-state many-body systems
DallAlba A.1, Lozano F.1, Zwick A.2, Álvarez G. A.1
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The dynamics of many-body quantum systems can
often be described as a ’quantum diffusion’ process
that undergoes intriguing features such as localisa-
tion, no-thermalisation and irreversibility effects. In
particular, a phase transition from delocalised to lo-
calised ’diffusion’ of a controlled quantum dynamics
can be observed as a perturbation is introduced to the
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control Hamiltonan of the system. This phenomenon
may have relevant implications for quantum informa-
tion processing of large quantum systems required for
the developing of quantum technologies.

In this work we explored, using quantum simula-
tion experiments on a solid-state system with Nuclear
Magnetic Resonance, the physical origin of these lo-
calised controlled correlations and characterised the
role of disorder, long-range interactions and different
perturbation models on the phase transition.
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We find conspicuous low-energy quasiparticle re-
sonances for the two-orbital Hubbard model with
interaction U in each band in the presence of an
inter-orbital Coulomb repulsion U12. These states
are charge-neutral spin-singlet orbital-triplet holon-
doublon bound states formed between both orbitals
when one of the bands is metallic and they are ob-
served as a resonance in the density of states in the
other band at an energy U − U12, even if this band
is insulating, i.e. in an orbital-selective Mott (OSM)
phase. As a consequence, when U = U12 the quasipar-
ticles are located at the Fermi energy and we do not
find an OSM phase for any ratio of bandwidths, as
long as they are finite, solving a long-standing contro-
versy. These states should be observed in ARPES and
optical conductivity experiments where this model is
applicable.
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RCu3Fe4O12 (R: rare earth) double perovksites
possess a variety of electronic and magnetic properties
of interest for technological applications, e.g. to achie-
ve precise control of thermal expansion coefficients.
CaCu3Fe4O12 exhibits a temperature-induced phase
transition from a ferromagnetic-insulating phase, in
which Fe appears charge disproportionated as Fe3+

and Fe5+, to a paramagnetic-metalllic phase at tem-
peratures above 210K, with Fe4+ present. To describe
this phase transition, we propose a microscopic mo-
del with two interpenetrating sublattices of Fe(4−δ)+

and Fe(4+δ)+, respectively, being δ the charge dis-
proportionation at the Fe sites. For the 3d-Fe orbi-
tals we include the t2g localized orbitals, with spin
3/2 and magnetic couplings between them, and the
two degenerate itinerant eg orbitals with local and
nearest-neighbor (NN) electronic correlations, as well
as electron hopping between NN eg orbitals of the sa-
me symmetry. In Ref. [1] a model for LaCu3Fe4O12

was proposed, to describe the paramagnetic-metal to
antiferromagnetic-insulator transition present, due to
charge transfer between Fe and Cu. Here we propose a
model for CaCu3Fe4O12 where the charge dispropor-
tionation in Fe is accounted for, and no Fe-Cu charge
transfer is present as experiments indicate.

We calculated the phase diagram for CaCu3Fe4O12,
which includes phases exhibiting charge dispropor-
tionation between NN Fe ions, with the eg orbitals
in each site symmetrically occupied, as well as no-
vel phases exhibiting local egorbital selectivity. Both
kinds of phases may exhibit paramagnetic and ferro-
magnetic behaviours. We determined the range of mo-
del parameters which best describes the phase transi-
tion observed in CaCu3Fe4O12. We also studied other
phases present at different parameter ranges, which
might be relevant to describe other RCu3Fe4O12 com-
pounds, presenting Fe charge-disproportionation as
well as charge transfer between Fe and Cu.

[1] R. Allub and B. Alascio, J. Phys.: Cond. Mat. 24,

495601 (2012).
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We numerically implement a Mach-Zehnder inter-
ferometer, where the coherence and oscillatory pro-
perties of Bose-Einstein condensates are explored and
the system is modeled by the Gross-Pitaevskii equa-
tion. Several time-dependent external trapping po-
tentials were engineered seeking the adiabatic regi-
me which is quantified by means of fidelity mea-
surements. The dynamics of both conjugate varia-
bles, namely density and phase of the matter-wave
function are shown. Moreover, the acquired phase-
difference as function of the phase-shifter depth
is analysed. We achieve the numerical solution by
means of an adequate implementation of the finite-
difference method for the spatial discretization and
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a Runge-Kutta method for the time evolution.
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Metal nanoparticles have shown a substantial im-
pact across a wide range of fields such as catalysis
and optoelectronics. Among them, ligand protected
Au-nanoparticles have been more studied due to its
stability and high affinity to the thiol group. On the
other hand, silver nanoparticles are known to be less
noble than their gold analogues [1]. One of the main
characteristics of these nanoparticles is their ultras-
tability, recently observed in silver-protected clusters
[2]. Although the outstanding stability of these nano-
particles is attributed to the fulfillment of a closed-
shell electron configuration rule with large HOMO-
LUMO gaps, the key factors causing its ultrastabi-
lity are still unclear [3]. Therefore, to gain some in-
sights on the ultrastability in these metallic clusters,
the atomic configurations and charge distributions of
[Ag44−xAux(SR)30]4− and [Ag25−xAux(SR)18]1− with
R= -H, -CH3, -C6H5X (X =NO2, NH2, COOH) have
been analyzed by means of DFT. Substituting silver
atoms in the core of [Ag44(SR)30]4− by gold atoms,
the stability is increased, observing a clear tendency
between large adsorption energies and large HOMO-
LUMO gaps. The analysis of charge distributions of
silver, gold and different bimetallic clusters help us to
understand where the negative charge is located and
how this distribution affects their relative stabilities.
A different charge distribution is presented for the ex-
perimentally existent clusters. Thus, the origin of the
ultrastabilities of these clusters, the possibility of the
existence of different ligand configurations, the char-
ge distribution and the role of the SR ligands in their
stabilities are discussed.

[1] K. M. Harkness, Y. Tang, A. Dass et. al. Nanoscale,
4,4269 (2012).
[2] A. Desireddy, B. E. Conn, J. Guo et. al. Nature, 501,
399 (2013).

[3] H. Hakkinen. Chem. Soc. Rev. 37, 1847, (2008).
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3 Centro Atómico Constituyentes, CONICET-CNEA

E-mail: pablo.cornaglia@cab.cnea.gov.ar

We analyze the nature of a Mott metal-insulator
transition in multiorbital systems using dynamical
mean-field theory. The auxiliary multiorbital quan-
tum impurity problem is solved using continuous-time
quantum Monte Carlo and the rotationally invariant
slave-boson (RISB) mean-field approximation. We fo-
cus our analysis on the Kanamori Hamiltonian and
find that there are two markedly different regimes
determined by the nature of the lowest-energy ex-
citations of the atomic Hamiltonian. The RISB re-
sults at T → 0 suggest the following rule of thumb
for the order of the transition at zero temperatu-
re: a second-order transition is to be expected if the
lowest-lying excitations of the atomic Hamiltonian
are charge excitations, while the transition tends to
be first order if the lowest-lying excitations are in
the same charge sector as the atomic ground state.
At finite temperatures, the transition is first order
and its strength, as measured, e.g., by the jump in
the quasiparticle weight at the transition, is stron-
ger in the parameter regime where the RISB met-
hod predicts a first-order transition at zero tempe-
rature. Interestingly, these results seem to apply to
a wide variety of models and parameter regimes.
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Both in the theoretical simulation and in the expe-
rimental characterization of non-thermal, laser indu-
ced, transformations in matter, the knowledge of the
energy transfer between the highly excited electronic
subsystem and the lattice vibrations is of utmost im-
portance. In this contribution, I present a calculation
of this energy transfer rate in Antimony for electronic
temperatures between 300K and 20000K. These cal-
culations are based on the Allen theory of the electron
relaxation in metals[1], with the electronic structure
and vibrational modes calculated using the LDA ap-
proximation to the Density Functional Theory. I consi-
der the effect of the electronic excitation on the lattice
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structure, electronic density of states and phonon mo-
des, improving, therefore, over previous calculations
for the same system[2].

[1] Z. Lin, L. Zhigilei, V. Leonid, et al., Phys. Rev. B. 77,
075133 (2008).

[2] L. Waldecker, T. Vasileiadis, R. Bertoni, et al., Phys.

Rev. B 95, 054302 (2017).
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The current search for alloys appropriate for lead-
free soldering applications has motivated a long-
standing effort to establish the relevant properties of
the alloys formed by Cu, i.e., the usual contact ma-
terial, with the binary systems which are intended
to replace the classical Sn-Pb low-melting alloy. The
main part of the studies in the last decades focused
on the alloys formed by Cu with a key candidate for
such a replacement, viz., the In-Sn system. More re-
cently, there has been a growing interest in the effect
of adopting other related binaries, in particular, the
Sn-Sb system, upon the quality and reliability of the
joints. Since these aspects depend upon the proper-
ties of the intermetallic compounds (ICs) formed by
Cu with Sn and Sb, it is necessary to characterize
in detail the physical properties of these ICs. In this
context, the present study focuses on the properties of
the ICs formed by Cu with Sb. Specifically, this work
deals with the following ICs, which occur in the Cu-
Sb phase diagram: Cu2Sb-tP6, Cu3Sb-cF16, Cu3Sb-
oP8, Cu10Sb3-hP26, Cu11Sb3-oC28. The structural,
thermodynamic and electronic properties of these ICs
are established theoretically in the framework of the
Density-Functional Theory (DFT), using the Projec-
tor Augmented Waves (PAW) method in the Genera-
lized Gradient (GGA) and Local-Density (LDA) ap-
proximation. Once the ground-state properties were
established, various quantities describing the thermal
and equation-of-state behavior at finite temperatures
were determined, viz., CP, CV, and the Debye tem-
perature, the thermal expansion coefficient and the

Grüneisen parameter. Trends in the variation of these
properties are established, and a comparison with the
behavior of the related Cu-In and Cu-Sn alloys, re-
cently studied by the current authors [1] is reported.

[1] S. Ramos de Debiaggi, C. Deluque Toro, G.F. Cabeza,

et al., Journal of Alloys and Compounds, 542 (2012) 280-

292.
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The Nitinol (acronyms for NiTi Naval Ordnance La-
boratory) is quasi equiatomic alloy of Ni-Ti known
for its properties of shape memory, superplasticity,
strength and biocompatibility. It is the most widely
used form memory alloy in the production of biome-
dical devices. However, the presence of Ni in metallic
or oxidized form on its surface or the release of it from
the core of the alloy is a serious problem because of
its allergenic properties and toxicity to human tissue.
The most usual procedure is the modification of the
surface by a coating that resists corrosion and is bio-
compatible. The simplest of the procedures consists
of a surface oxidation that manages to grow an oxide
film on the NiTi, the Ti being oxidized preferentially.
For this reason we performed a DFT study of Ni segre-
gation for different oxide coverage. Our results show
that Ni diffusion is strongly dependent of the presence
of Ti and o vacancies and the nature of an interme-
diary oxidation layer. We also analyzed the changes in
the electronic structure and bonding at the interface.
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Mössbauer spectroscopy (MS) is a widely used tech-
nique for the investigations of solid state systems on
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an atomic scale. What is most rewarding in this tech-
nique is its “ability”to measure charge-related proper-
ties, such as the electric field gradient (EFG) tensor
and the isomer shift (IS), as well as magnetic proper-
ties, such as magnetic hyperfine fields (Bhf ). Theo-
retically the IS could be expressed by IS=α(ρA(0) −
ρS(0)), where ρA(0) and ρS(0) represent the electron
charge densities at the nuclear positions in two diffe-
rent solid state environments, here denoted the absor-
ber (A), i.e. the compound in study, and the source
(S) materials, respectively, whereas α is a calibration
constant.
In the present study, we have performed ab-initio cal-
culations of the electron charge density near to the
nucleus of the Sn atom for a set of Sn-based alloys
in order to compare with experimental values of IS,
obtained from the literature, with the purpose to ob-
tain a linear relationship between these data and de-
terminate the value of α. Furthermore, we calcula-
ted the electric field gradient (EFG) and the quadru-
polar shift (QS) of these Sn-based compounds with
the aim to find a possible correlation between the
IS and QS. All ab-initio calculations have been per-
formed in the framework of the Density Functional
Theory (DFT) using the FP-LAPW (Wien2k code)
and GIPAW (Quantum-Espresso code) method. Ba-
sed on these results we also will analyze the accuracy
of the DFT to determinate the EFG using two diffe-
rent self-consistent approaches.
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Complex manganese oxides have been the subject
of intense study for decades due to the discovery
of both intrinsic and extrinsic properties such as
colossal magnetoresistance, ferroelectricity, and
metal-insulator transitions, among others [1]. They
are all modulated by factors such as the amount
of doping, structural strain, crystal defects and the
presence of surfaces and interfaces. This variety of
properties promises several technological applications
for manganites. Recently, this material has been
extensively used as cathode in solid oxide fuel cells
(SOFCs), a clean energy generation technology which
takes advantage of particular characteristics regarding
the chemical and structural stability, ionic-electronic
conductivity and catalytic activity of manganites [2].

In this work, we present a study about the diffusion
of oxygen vacancies, focusing on the role of Sr-doping
in the formation energies and migration barriers
in La(1−x)SrxMnO3−δ compounds by means of the
Density Functional Theory (DFT) and the Nudged
Elastic Band (NEB) method. The distribution of Sr
ions within the crystal structure is obtained using
the approach of Special Quasirandom Structures
(SQS) [3]. We focus on a range of composition
0,20 < x < 0,50 which includes doping concentrations
most frequently used in SOFCs.
We show that the effect of local and global doping
influence both the electronic bandstructure and
the energy formation energies leading to two dis-
tinct regimes, displaying either a deep defect state
or a shallow band-like state close the conduction band.

[1] E. Dagotto, T. Hotta, and A. Moreo, Physics Reports

1, 344 (2001).

[2] C. Sun, R. Hui and J. Roller, Journal of Solid State

Electrochemistry 14, 1125 (2010).

[3] A. Zunger, S.-H. Wei, L. G. Ferreira et al., Physical

Review Letters 65, 353 (1990).
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Methylammonium lead halide CH3NH3PbI3
(MAPI)-based halide hybrid organic-inorganic pe-
rovskite has recently emerged as a promising solar
photovoltaic absorber exhibing an energy conversion
efficiency higher than 20 %. An atomic-level des-
cription of a clean MAPI surface is a first step to
understand its behavior when interfaced with oxides
o molecules. Here, we perform classical molecular
dynamics simulations of MAPI by using the MYP1
force field which was partially derived from ab initio
calculations.[1] The slab method is applied in order
to model MAPI (001) surfaces with two different ter-
minations: PbI2 and MAI. Temperature and in-plane
strain effects are reported, analyzing in particular the
changes of the iodine-octahedron rotations and the
orientations of the MA+ cations at the surface.

[1] C. Caddeo, M. I. Saba, S. Meloni, et al., ACS Nano

2017, 11, 9183-9190
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In this work we present the results of DFT-based
calculations of the electric field gradient tensor (EFG)
for one isotope routinely used in experimental EFG
studies, 91Zr (probe in NMR experiments). For the
study the APW+lo method (WIEN2k code) and GI-
PAW method (QuantumEspresso code) were used.
The first one is a well establish and recognized method
for this type of calculations. GIPAW is a new method
that is computationally “cheaper”, but its capability
to predict hyperfine properties was not deeply discus-
sed in the literature until now.

The subject of this work fits in a recent trend in the
field of DFT applications, the determination of error
bars of predicted magnitudes in a rigorous way. To do
this we have study the EFG tensor at the site of 91Zr
probes in a set of Zr-based oxides for which sufficiently
accurate structural parameters and experimental hy-
perfine values are available in the literature. As a first
step we have performed calculations in metallic Zr,
in order to make a first comparison APW+lo - QE
predictions and to discuss the reported values for the
nuclear quadrupole moment (Q) of the sensitive 91Zr
state. Knowing this quadrupole moment is essential
for a reliable conversion of experimentally obtained
nuclear quadrupole coupling constants into electronic
structure information. In a second step, we discuss
the APW+lo and QE predictions for the EFG at Zr
sites in m-ZrO2, t-ZrO2, o-ZrO2 and ZrSiO4, compa-
ring it with the experimental results. Based on these
results we will discuss the accuracy of DFT for EFG
calculation and how good is the agreement between
EFG predictions by two different implementations of
DFT (precision of DFT codes for EFG calculation).
Finally, we will present calculations of the EFG at Ta
impurity sites in the same set of oxides. These pre-
dictions will be compared with experimental results
obtained in time-differential perturbed angular corre-

lation spectroscopy (TDPAC).
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The dynamics of complex quantum systems ubiqui-
tous in condensed matter physics and in large mole-
cules like proteins, is hard to be studied for unders-
tanding several observed non-intuitive effects. There
are still many open questions, in particular, related to
localization effects, non-thermalization and irreversi-
bility of these dynamics.

A new kind of phase transition has been observed
in the coherent dynamical behavior of a 3D many-
body quantum system [1]. It has been experimentally
evidenced through quantum simulations using nuclear
magnetic resonance (NMR) on a solid-state system [1-
3]. A sudden quench on the interaction Hamiltonian
dynamically induces correlations on the initially unco-
rrelated spins. The cluster-size of the correlated spins
grows indefinitely as a function of time, and therefore,
the spatial extension of the corresponding quantum
superpositions that describes the states. Depending
on the quench strength, a phase transition on the dy-
namical behavior is manifested leading to a localized
dynamics for quench strengths lower than a critical
value.

In this work, we study the link between these dyna-
mical localization effects and the possibility of time-
reversing the spin dynamics. These results provide
insights on the possibilities of achieving the goal of
controlling large quantum systems for developing new
quantum technologies, and contribute to the unders-
tanding of the arising of quantum irreversibility.

[1] G. A. Álvarez, D. Suter, and R. Kaiser, Science 349,
846 (2015).

[2] G. A. Álvarez and D. Suter, Phys. Rev. Lett. 104,
230403 (2010).

[3] G. A. Álvarez and D. Suter, Phys. Rev. A 84, 012320

(2011).
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The evaporation process is a critical phenomenon
in Atom Probe Tomography (APT), an experimental
technique for studying structure and chemistry of a
large variety of materials such as alloys, doped semi-
conductors, layered materials, geological and biologi-
cal materials, among others. APT evaporates atoms
on a surface tip by applying a high electric field and
a laser pulse, which are reconstructed based on the
information of the detector (X, Y) position and time
of flight (tof), giving detailed 3D atomic scale infor-
mation of the studied structure. Despite the advan-
tages of the technique to provide detailed atomistic
information of a sample in real space, there is still a
challenge in the reconstruction process of the original
sample. Among the main aspects that can bias the tra-
jectory are the neighborhood chemical arrangement,
laser heating, and electronic effects. To better unders-
tand the effects of these factors on the trajectory, we
study the near tip trajectory of field evaporated ions
for the case of Al-Sc alloy.

In this work, we use both first principle and classical
electrodynamics methodologies to produce results of
the tip shape evolution and evaporation field values.
All calculations were made using the Octupus softwa-
re to study the evaporation behavior of Al-Sc species
on Al3Sc under two different instrument conditions:
(i) laser shape and (ii) energy. Using the RT-TDDFT
framework, we identify time and space limits where
the ion trajectory is still affected by the specimen.
Additionally, based on the velocity and force at the
boundary for different initial conditions, we extrapo-
late it to differences in the position on the detector.
This information can be used to make better infor-
med reconstruction decisions and can be used to as-
sess uncertainty in the reconstruction process in APT
experiments.
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In this work we study the super-heating state in a
two-dimensional spin lattice, for a micro-canonical en-
semble, by using a standard and a proposed modified
Potts model. We connect our results with the melting
temperature, phase transitions and the recently de-
veloped Z-method. The Potts model is a generalized

Ising model for spin values ranged from q = 1, . . . , n
and the interaction between the spins are only among
nearest neighbors. Additionally a modification of the
model that incorporates kinetic energy on the system
(by the use of additional constant energy) is conside-
red. The super-heating phenomenon is a well studied
event for particles system, which is mainly observed in
pristine crystalline structures, alongside well known-
evidence of these from experiments. The Z-method is
a recent developed simulation technique used mainly
to study the melting temperature in solids. In spite of
this, the connection of the method with spin models
has not been studied. In contrast with the abrupt Z-
shape observed in particles systems, a S-shape curve
is observed for T(E) in first order-phase transitions for
spin systems. In this work we connect the Z-method
with spin models. The connection and the models
allow us to provide a generalization of the Z-method
and his applicability in others systems, and unders-
tanding of the principal reasons that differentiate
the T(E) behavior, for different phase transitions.
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This work propose an improved reconstruction pro-
cess for data collected during an Atom Probe Tomo-
graphy [1] procedure by incorporating most of the da-
ta that was missed during the realization of the ex-
periment. An initial structure with the atomic posi-
tions of the detected atoms (x, y, and z) is toked from
IVAS software as a preliminary input used in the pro-
posed methodology, and then using atomic vacancies
detection algorithms [2], structure minimization tech-
niques, and classical molecular dynamics we improve
the information of the atomic data, shape and morp-
hology of the sample. The detection of atomic vacan-
cies only use the first neighbor distance of the struc-
ture, that imply that non assumption about the crys-
talline structure at a microscopic level will be used,
such as crystalline poles. The classical molecular dy-
namics simulations were realized using a micro cano-
nical ensemble at room conditions. After the process,
a characterization of the structure and a comparison
with other reconstructions is carried out in order to
show the principal advantages and disadvantages re-
lated to the technique. We used Tungsten as a test of
the methodology.
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In this contribution we study the effect of the subs-
titution of carbon atoms by boron on the interaction
between an hydrogen molecule and the walls of a na-
noporous carbon. In particular, we evaluate the struc-
tural changes brought about by the substitution, the
changes in the electrostatic potential and the isolec-
tronic reactivity function, and in the binding energy
of the hydrogen molecule in different sites inside the
pore. We model the nanopore with the triply perio-
dic minimal surface P8Bal[1] which has 192 atoms in
a primitive cubic cell, and contains both hexagonal
and octagonal rings. Our calculations are performed
within the Density Functional Theory framework, in-
cluding self-consistent van der Waals corrections for
the hydrogen-cage interaction energy, as implemen-
ted in the Quantum Espresso package[2]. Our results
might prove useful in the study of carbon storage in
carbonaceous matrices.

[1] Humberto Terrones and Mauricio Terrones, New Jour-
nal of Pnysics, 5, 126 (2003)

[2] P. Giannozzi et. al., J.Phys.:Condens.Matter, 21,

395502 (2009)
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Nonequilibrium Green’s functions (NEGF) provi-
de a solid basis for the theoretical understanding of
the quantum electronic transport properties. We have
recently addressed two nonequilibrium Green’s fun-
ctions approaches for a resonant tunneling structure
under a sudden switch of a bias. We found that the
time-dependent Keldysh formulation of Jauho, Win-
green and Meir, and the partition-free scheme of Ste-
fanucci and Almbladh are formally equivalent in the
case of wide-band limit and noninteracting electrons,
if leads and dot are in equilibrium before the time-
dependent perturbation. In this work we attempt to
extend this approach to more general couplings, for
instance with an energy-dependent nonadiabatic ker-
nel. This investigation sheds light on modern practi-
ces, which are of great interest to the transport com-
munity.

[1] A. P. Jauho, N. S. Wingreen, and Y. Meir, Phys. Rev.
B 50, 5528 (1994).
[2] G. Stefanucci and C. O. Almbladh, Phys. Rev. B 69,
195318 (2004).

[3] M. M. Odashima and C. Lewenkopf. Phys. Rev. B 95,

104301 (2017).
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We study the transmission properties of Dirac elec-
trons in Lorentzian graphene superlattices. The height
of the potential barriers are modulated accordingly to
obtain an effective Lorentzian profile. The Dirac-like
equation and the transfer matrix approach are used
to describe the charge carriers in graphene as well as
to calculate the transmission probability, respectively.
The special shape of the potential profile confabulates
to enhance constructive interference such that broad
flat pass bands are obtained. By appropriately choo-
sing the energy of incident electrons it is possible to
obtain perfect transmission in a wide range of angles
of incidence.
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Garćıa Rocha J., 67
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Gómez J., 79, 88
Gomez M. E., 27, 128
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Rodŕıguez J. E., 125
Rodriguez J. J., 54
Rodŕıguez K., 73, 111
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Rodŕıguez L. M., 86
Rodriguez L., 68, 69, 96
Rodŕıguez Mart́ınez J. A., 87, 117
Rodriguez Ramirez K., 51, 52, 112, 138
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