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Homage to Nicolás Cabrera 

(1913-1989) 

Sebastian Vieira 
Department of Condensed Matter Physics, 

Universidad Autónoma de Madrid 
 
Nicolás Cabrera was an outstanding scientist who strongly influenced the development of Physics 
in Spain in the last third of the twentieth century. His personal contributions to science are widely 
known and cited today. As the current head of the Department of Condensed Matter Physics, in 
the Universidad Autónoma de Madrid, I will refer briefly to his role in the creation of the Physics 
Department of our University.  
As with many other Spanish scientists, writers and artists, Cabrera was exiled as a consequence of 
the civil war. Before this, the new physics developed mainly in Europe had also permeated Spanish 
society. This led talented young people to go abroad to learn in the most prestigious laboratories. 
One of the most prominent of these was Nicolás's father, Blas Cabrera, who was then the leading 
Spanish figure in the growing international activity on physics. He was the head of a modern and 
well equipped laboratory of physics and chemistry, close to the students' residence where Dalí, 
García-Lorca and Buñuel were living then. He made an important experimental contribution to 
magnetism, and it was on this subject that Nicolás Cabrera performed his first experiments under 
the supervision of S Velayos.  
At that time, scientists such as Santiago Ramón y Cajal, Blas Cabrera and others contributed, 
through their talent and efforts, to a small `golden age' of Spanish science. Civil war swept away 
all this blossoming activity. More than thirty years later, Nicolás often dreamt of emulating his 
father's endeavours for the development of science in Spain.  
The opportunity came in the 1960s when he accepted the offer of the Spanish Minister of 
Education, Villar Palasí to set up the Department of Physics of the new Universidad Autónoma de 
Madrid. In this he encouraged Cabrera to adopt the same criteria of quality and efficiency that he 
had used as head of a new department in the University of Virginia. For many young people 
beginning their careers in physics then, myself included, Cabrera was a mythical figure. His return 
to Spain with the aim of forming a new and modern Department of Physics was very exciting for 
us, and we wanted to be part of it. His great talent and personal qualities enabled him to quickly 
assemble an excellent group of young scientists. He was granted autonomy by the authorities to 
offer positions according to his personal criteria, fulfilled by considering mainly CVs, 
recommendation letters and interviews.  
The early years were extremely exciting due to the friendly and creative atmosphere promoted by 
Cabrera. Many reputable scientists visited our Department and gave interesting seminars, so 
valued by Cabrera as to make attendance quasi-compulsory. It is impossible in a short space to 
give a full account of all the innovations that he introduced in teaching and research; we felt that 
our department was creative and competitive, and our scientific standards were soon recognized 
by the international community.  
Although Cabrera dedicated much time to organizational work, he made a great effort to continue 
the investigations on surface physics previously undertaken in Virginia. An ambitious plan was 
launched, following his arrival to Madrid, to build a machine to perform experiments on atomic-
beam scattering by surfaces. That became the most important experimental challenge of this 
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period. Former colleagues on surface physics, such as Vittorio Celli, spent prolonged periods in 
our department working in Cabrera's research group. Unfortunately all these exciting activities 
suffered the suppressions of the University governors and the Ministry of Education during 
Franco's last years. Several professors were banned from the university for their political opinions. 
Others, who came to Spain attracted by Cabrera's project, had to leave the country due to the hostile 
atmosphere created by the political authorities. It was very sad for us to realize that such attitudes 
found support among many representing the Spanish academic establishment.  
Cabrera's work stood out among the extremely low scientific level of most of the university 
departments and research centres of physics in Spain at that time. Fortunately, this devastating 
period concluded with Franco's death, and Cabrera's projects survived. During this dark time 
Cabrera thought often of going back to the USA, but he stayed, out of consideration for the young 
people that he had engaged on his personal challenge. He had the opportunity to see his work bear 
fruit, and that the steps he had taken became an irreversible turning point in the development of 
physics in Spain.  
 
 

 

 
References and further reading 
 
[1] “Homage to Nicolás Cabrera”, S. Vieira, https://www.inc.uam.es/homage-to-nicolas-cabrera/  
[2] “Nicolás Cabrera Sánchez, un físico creador y organizador. Dos facetas de un gran 
científico”. S. Vieira, https://www.torresquevedo.org/libros/index.php/CTE/article/view/115  
[3] “Nicolás Cabrera. A biographical sketch”, J. Solana and S. Velayos, Philosophical Magazine 
A, 45 (1982) 223-225 
[4] “La Física en España (V): una nueva era (1975-2003)”, J.M. Sánchez Ron, Revista Española 
de Física, septiembre-octubre 2003.  
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Dear members of the Nicolás Cabrera Institute, 
 
This year's meeting organizers decided to start the booklet with the homage to Prof. Nicolás 
Cabrera written by Sebastián Vieira some years ago. Indeed, there is no better way to start than to 
remember why the Department of Physics was founded in our University and what the figure and 
work of Prof. Nicolás Cabrera means to the development of Physics in our University. 
 
This meeting vividly shows a relevant part of the present activity in our Institute. During past 
years, we have been debating on how to improve our research and have included a number of 
initiatives to boost it, among which the present meeting, the prize for young researchers and the 
well-established Nicolás Cabrera summer school. 
 
The University has been re-considering  during past months the role of the Institutes and is working 
on a framework that should hopefully allow for a better management. 
 
The role of Institutes with respect to the role of the Departments is very clear--the activities of 
Institutes cannot correspond to those developed in a Department and teaching activities are 
restricted to specialized and postgraduate teaching. While this seems a priori reasonable and serves 
to avoid duplicities, it eliminates from the very start the core of our activities from the Institute's 
assignments and creates a weak competitive position when it comes to justify personnel dedicated 
to the Institute. Both instruments, Institute and Departments, are however official parts of the 
University and should be work equal foots. 
 
The University has a tendency to focus on local arrangements debated in commissions that 
consider just internal checks and balances, mostly supporting activities carried out within the 
Departments. Funding agencies and probably the society as a whole require however active and 
internationally competitive activities. The latter can hardly be achieved if efforts are too centered 
in internal issues. The role of the Nicolás Cabrera Institute, and of other centers of our University, 
such as Center for Condensed Matter Physics, IFIMAC, which is the only one holding a María de 
Maeztu recognition, needs to be strengthened to compensate for the tendency to drift towards 
increased self-esteem, often not shared by peers outside our environment. 
 
Prof. Nicolás Cabrera came to Spain from abroad and set-up a different way of thinking, which 
lead to a positive feeling very well explained in the text starting this booklet, "we felt that our 
department was creative and competitive, and our scientific standards were soon recognized by 
the international community.". The Institute will move at some point to new premises and work in 
the new framework set-up by our university. Hopefully this will serve to strengthen such a positive 
feeling. 
 
The present meeting is made by the effort and contributions from our young peers. I wish you a 
fruitful meeting and intense debates. 
 

Hermann Suderow 
Director of the Nicolás Cabrera Institute 
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PROGRAM 
 
 
9:30   Opening session of the XXII Young Researchers Meeting of the INC. 
 

Session I (Chair Edwin Herrera) 
 
09:40 INC Young Researchers Prize in Materials Science 2019: “Plasmon Induced dual 
 wavelength operation in a Yb3+ laser” Laura Sánchez Garcia. Dpto. Física de  Materiales. 
 
10:05 “Adenovirus major core protein condenses DNA in clusters and bundles, modulating genome  

release and capsid internal pressure” Natalia Martin González. Dpto. de Física de la Materia  
Condensada. 
 

10:25 “Optoelectronic tweezers for water and aqueous bio-droplets manipulation: moving, trapping,  
splitting and merging”.  Andrés Puerto. Dpto. de Física de Materiales. 
 

10:45 “Incorporation of Ge and S into wide band-gap kesterite for solar cells” Andrea Ruíz Perona. 
Dpto. De Física Aplicada. 

 
11:05 – 11:35   Coffee Break 
 

Session II (Chair Emma Martín) 
 
11:35  Invited talk: “Straintronics in 2D materials”. Andrés Castellanos-Gómez. Instituto de  
Ciencia  de Materiales de Madrid (ICMM-CSIC). 
 
12:20 “Quenching of Exciton Recombination in Strained Two-Dimensional Monochalcogenides”  Juan  

Esteve-Paredes. Dpto. de Física de la Materia Condensada. 
 

12:40 “From quantum anomalous Hall phases to topological metals in interacting decorated 
 honeycomb lattices” Manuel Fernández. Dpto. De Física Teórica de la Materia
 Condensada. 
 
13:00 – 14:30  Poster Session 
 
14:30 – 15:40  Lunch 
 

Session III (Chair Fabrice Leardini) 
 
15:40 “Ultrathin transparent B-C-N layers grown on titanium substrates with excellent electro-
catalytic activity for the oxygen evolution reaction” Nuria Jiménez-Arévalo. Dpto. de Física de 
Materiales. 
 
16:00 “Impedance spectroscopy in optoelectronic devices”. Alba Díaz-Lobo. Dpto. de Física Aplicada. 
  
16:20 “Interfacial Spin-Orbit Coupling: New Platform for Superconducting Spintronics”. César  
 González-Ruano. Dpto. de Física de la Materia Condensada. 
 
16:40 Closing of the XXI Young Researchers Meeting of the INC 
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Session I 
 
 

Chair of the session: Edwin Herrera 

9:40 INC Young Researchers Prize in Materials Science 2019:  

“Plasmon Induced dual  wavelength operation in a Yb3+ laser”. 

Laura Sánchez Garcia Dpto. Física de Materiales 

 
Plasmon-induced dual-wavelength operation in a Yb3+ laser 

 
L. Sánchez-García1, M. O. Ramírez1, R. M. Solé2, J. J. Carvajal2, F. Díaz2, L. E. Bausá1 

 
1Department Física de Materiales, Instituto Nicolás Cabrera and Condensed Matter Physics Center (IFIMAC), 

Universidad Autónoma de Madrid, 28049, Madrid, Spain 

2Universitat Rovira i Virgili, Departament Química Física i Inorgànica, Fisica i Cristal·lografia de Materials i 
Nanomaterials (FiCMA-FiCNA) - EMaS, E-43007, Tarragona, Spain 

 
 
 
Expanding the functionalities of plasmon-assisted lasers is essential for emergent applications in 
nanoscience and nanotechnology. Here, we report on a novel ability of plasmonic structures to induce dual-
wavelength lasing in the near-infrared region in a Yb3+ solid-state laser. By means of the effects of 
disordered plasmonic networks deposited on the surface of a Yb3+-doped nonlinear RTP crystal, room-
temperature dual-wavelength lasing, with a frequency difference between the lines in the THz range, is 
realized. The dual-wavelength laser is produced by the simultaneous activation of two lasing channels, 
namely, an electronic- and a phonon-terminated laser transition. The latter is enabled by the out-of-plane 
field components that are generated by the plasmonic structures, which excite specific Raman modes. 
Additionally, multiline radiation at three different wavelengths is demonstrated in the visible spectral region 
via two self-frequency conversion processes, which occur in the vicinities of the plasmonic structures. The 
results demonstrate the potential of plasmonic nanostructures for inducing drastic modifications in the 
operational mode of a solid-state laser and hold promise for applications in a variety of fields, including 
multiplexing, precise spectroscopies, and THz radiation generation via a simple and cost-effective 
procedure [1]. 
 
[1] L. Sánchez-García, et al., Light: Science & Applications, 8, 14 (2019) 
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10:05 “Adenovirus major core protein condenses DNA in clusters and bundles, modulating 

 genome release and capsid internal pressure”.  

Natalia Martin González Dpto. de Física de la Materia Condensada 

 
Adenovirus major core protein condenses DNA in clusters 

and bundles, modulating genome release and capsid internal 
pressure 

 
Natalia Martín-González1, Mercedes Hernando-Perez2, Gabriela N. Condezo2, Marta Perez-Illana2, 
Antonio Siber3, David Reguera4,5, Philomena Ostapchuk6, Patrick Hearing6, Carmen San Martin2, * 

and Pedro J. de Pablo 1,7* 
1Department of Condensed Matter Physics, Universidad Autonoma de Madrid, Madrid 28049, Spain 

2Department of Macromolecular Structures, Centro Nacional de Biotecnolog´ıa (CNB-CSIC), Madrid 28049, Spain 
3Institute of Physics, Zagreb, Croatia, 4Departament de Fısica de la Materia Condensada, Facultat de Fısica, 

4Universitat de Barcelona, Martí i Franques 1, 08028 Barcelona, Spain 
5Universitat de Barcelona Institute of Complex Systems (UBICS), 08028 Barcelona, Spain 

6Department of Molecular Genetics and Microbiology, School of Medicine, Stony Brook University, Stony Brook, 
NY 11794-5222, USA 

7Instituto de Física de la Materia Condensada (IFIMAC), Universidad Autónoma de Madrid, Madrid 28049, Spain 
Email: natalia.marting@uam.es  

 

Some viruses package dsDNA together with large amounts of positively charged proteins, thought to help 
condense the genome inside the capsid with no evidence. Further, this role is not clear because these viruses 
have typically lower packing fractions than viruses encapsidating naked dsDNA. In addition, it has recently 
been shown that the major adenovirus condensing protein (polypeptide VII) is dispensable for genome 
encapsidation. Here, we study the morphology and mechanics of adenovirus particles with (Ad5-wt) and 
without (Ad5-VII-) protein VII. Ad5-VII- particles are stiffer than Ad5-wt, but DNA-counterions revert 
this difference, indicating that VII screens repulsive DNA-DNA interactions. Consequently, its absence 
results in increased internal pressure. The core is slightly more ordered in the absence of VII and diffuses 
faster out of Ad5-VII– than Ad5-wt fractured particles. In Ad5-wt unpacked cores, dsDNA associates in 
bundles interspersed with VII-DNA clusters. These results indicate that protein VII condenses the 
adenovirus genome by combining direct clustering and promotion of bridging by other core proteins. This 
condensation modulates the virion internal pressure and DNA release from disrupted particles, which could 
be crucial to keep the genome protected inside the semi-disrupted capsid while traveling to the nuclear pore. 
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10:25 “Optoelectronic tweezers for water and aqueous bio-droplets manipulation: moving, trapping, 
splitting and merging” 
 
Andrés Puerto Dpto. de Física de Materiales 

 
Optoelectronic tweezers for water and aqueous bio-droplets 

manipulation: moving, trapping, splitting and merging 
 

A. Puerto, L. Arizmendi, A. García-Cabañes and M. Carrascosa 
Depto. de Física de Materiales, Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, Madrid, 28049, Spain 

Email: andres.puerto@uam.es 
 
Manipulating water, organic or biological droplets is an important issue in nano- and biotechnology. In this 
work, a strategy to manipulate aqueous droplets by photovoltaic optoelectronic tweezers (PVOT) is 
reported. PVOT are based on the action of light-induced electric fields created in certain ferroelectric 
materials such as LiNbO3:Fe (LN:Fe) by the bulk photovoltaic effect. These optoelectronic tweezers have 
been successfully used to manipulate and pattern micro and nano-objects including particles [1,2] and oil 
droplets [3]. However, no effect on aqueous droplets has been observed so far due to water screening of the 
photovoltaic electric fields. In fact, only one work has reported some data on moving water droplets (around 
a few microns) using PVOT [4] but only when the LN:Fe substrate was coated with a film of a hydrophobic 
material. Here, we present a novel and versatile PVOT configuration to manipulate aqueous droplets. In 
this configuration the LN:Fe crystal is immersed in paraffin oil and the droplet is hanging at the interface 
air-paraffin [5]. Using a laser beam focused on the substrate surface a variety of manipulation processes 
with droplets (moving, trapping, splitting and merging) have been achieved. Figure 1 shows a representative 
experiment in which the droplet is moved approaching to the light beam (a-c) where it is trapped on the 
substrate (d-f) is shown. The technique has been successfully applied with a variety of bio-droplets such as 
DNA and sperm aqueous droplets. Therefore, the proposed method should have a high potential for 
optofluidic and biological applications. 
 

 

Figure 1. Photographs of a water droplet containing fluorescein-tagged-DNA moving (a-c) and trapping on the substrate (d-f) by 
the PVOT action. The inset in (f) shows a fluorescence image of the trapped droplet. 

 
Financial support from MICIU of Spain under grant MAT2017-83951-R is gratefully acknowledged. 

 
[1] M. Carrascosa, A. García-Cabañes, M. Jubera, J. B. Ramiro,…, Appl. Phys. Rev. 2, 040605 (2015). 
[2] A. García-Cabañes, A. Blázquez, L. Arizmendi, F. Agulló, M. Carrascosa, Crystals 8, 65 (2018). 
[3] L. Chen, S. Li, B. Fan, W Yan, D. Wang, L. Shi, H. Chen, D. Ban, S. Sun, Sci. Rep. 6, 29166 (2016). 
[4] B. Fan, F. Li, L. Chen, L. Shi, W. Yan, Y. Zhang, S. Li,…, Phys. Rev. Appl. 7, 064010 (2017). 
[5] C. M. Phan, B. Allen, L. B. Peters, T. N. Le, M. O. Tale, Langmuir, 28, 4609 (2012). 
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10:45 “Incorporation of Ge and S into wide band-gap kesterite for solar cells”.  

Andrea Ruíz Perona  Dpto. de Física Aplicada 

 
Incorporation of Ge and S into wide band-gap kesterite for 

solar cells 
 

A. Ruiz-Perona1, Y. Sánchez2, T. Kodalle3, M. León1 and R. Caballero 1 
1Universidad Autónoma de Madrid, Departamento de Física Aplicada, C/ Francisco Tomás y Valiente 7, 28049, Madrid, Spain. 

2IREC, Catalonia Institute for Energy Research, C/ Jardins de les Dones de Negre 1, 08028 Barcelona, Spain 
3PVcomB-Helmholtz Zentrum Berlin für Materialien und Energie, Swcharzschildstrasse 3, 12489 Berlin, Germany 

Email: andrea.ruizp@estudiante.uam.es  
 

Kesterite (Cu2Zn(Sn,Ge)(S,Se)4) materials are being studied for photovoltaic applications due to their good 
electrooptical properties such as high absorption coefficient and tunable direct bandgap ranging from 1.0 
eV (Cu2ZnSnSe4) [1] to 2.25 eV (Cu2ZnGeS4) [2] by modifying the material composition with the partial 
or total substitution of Sn with Ge and Se with S atoms, and to their non-toxic and earth abundant 
constituents. Wide-bandgap absorbers are attractive to be used for semi-transparent solar cells or as top 
cells in tandem devices.  In this work, kesterite thin films were grown by co-evaporation of Cu, ZnSe, Sn, 
Ge and Se onto Mo and semi-transparent substrates followed by a thermal treatment under S or Se presence 
in Ar atmosphere. Absorbers were characterized using energy-dispersive x-ray spectroscopy (EDX), glow 
discharge optical emission spectrometry (GDOES), grazing incidence x-ray diffraction (GIXRD) and 
scanning electron microscopy (SEM). Current-voltage (JV) and external quantum efficiency (EQE) 
measurements were also carried out for electrooptical characterization of the final photovoltaic devices.  
Samples with different Ge/Sn and S/Se content were fabricated and the effect of compositional differences 
on the optoelectronic properties and device performance was studied. Addition of alkali metals such as Na 
has been proved to have a beneficial effect on kesterite-based solar cells [3]. Here, a NaF precursor layer 
was deposited before the co-evaporation of Cu2ZnGeSe4. A higher Na content, varied via the thickness of 
NaF layer, leads to a higher Ge incorporation while decreasing Cu content. This also affects the in-depth 
elements distribution through the kesterite absorber layer, influencing solar cell performance. Solar cell 
with efficiencies ranging from 3.4% to 6.4% were obtained, depending on their composition. Some devices 
were fabricated on FTO substrates, achieving efficiencies up to 5.6 % with  Eg = 1.28 eV and 3.1 % with 
Eg = 1.70 eV. 

 
Figure 1. EQE spectra of Cu2Zn(Sn,Ge)Se4-based devices  with different x=Ge/(Ge+Sn) atomic ratios. 

 
[1] S. Kim et al. Sol. Energy Mater. Sol. Cells, 144, 488-492 (2016) 
[2] E. Garcia-Llamas et al., Solar Energy Materials and Solar Cells, 158, 147-153 (2016) 
[3] S. Haass et al, Adv. Energy Mater., 8, 1701760 (1-9) (2018) 
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Session I I 
 

Chair of the session: Emma Martín 
11:35    Invited talk: “Straintronis in 2D materials” 

Andrés Castellanos Gómez Instituto de Ciencia de Materiales de Madrid 

 
Straintronics in 2D materials 

 
Andres Castellanos-Gomez  

1 Materials Science Factory, Instituto de Ciencia de Materiales de Madrid (ICMM-CSIC), Madrid E-28049, Spain. 
Email: andres.castellanos@csic.es  

Strain engineering is an interesting strategy to tune a material’s electronic properties by subjecting its lattice 
to a mechanical deformation. Conventional straining approaches, used for 3D materials (including epitaxial 
growth on a substrate with a lattice parameter mis-match, the use of a dielectric capping layer or heavy ions 
implantation) are typically limited to strains lower than 2% in most cases due to the low maximum strains 
sustained by brittle bulk semiconducting materials. Bulk silicon, for example, can be strained only up to 
1.5% before breaking. Moreover, these straining approaches induce static deformations of the 
semiconductor materials and therefore they are not suitable for tunable functional devices. 
2D materials can be literally stretched, folded, bent or even pierced. [1] This outstanding stretchability (and 
the possibility of using dynamically varying strain) of 2D materials promises to revolutionize the field of 
strain engineering and could lead to "straintronic" devices – devices with electronic and optical properties 
that are engineered through the introduction of mechanical deformations. 
In this talk I will discuss our recent efforts to study strain engineering in 2D materials and to exploit it to 
fabricate strain tunable functional optoelectronic devices. [2-7] 

 
Figure 1. (left) artistic representation of a single-layer MoS2 photodetector subjected to biaxial strain. (right) 

photocurrent spectra acquired at increasingly high biaxial strain. 
 
[1] R Roldán et al. Journal of Physics: Condensed Matter (2015) 27 (31), 313201 
[2] A Castellanos-Gomez, et al. Nano letters (2013) 13 (11), 5361-5366  
[3] J Quereda, et al. Nano letters (2016) 16 (5), 2931-2937 
[4] JO Island, et al. Nanoscale (2016) 8 (5), 2589-2593 
[5] R Schmidt et al. 2D Materials (2016) 3 (2), 021011 
[6] R Frisenda, et al. npj 2D Materials and Applications (2017) 1 (1), 10 
[7] P Gant, et al. Materials Today (2019) 



 

12 
 

12:20 “Quenching of Exciton Recombination in Strained Two-Dimensional Monochalcogenides” 
 
Juan Esteve-Paredes Dpto. de Física de la Materia Condensada 

 

Quenching of Exciton Recombination in Strained Two-
Dimensional Monochalcogenides 

 

J.J. Esteve-Paredes1, Sahar Pakdel1,2 and J.J. Palacios1,3 
1Departamento de Física de la Materia Condensada, Universidad Autónoma de Madrid, E-28049 Madrid, Spain  

2Department of Physics and Astronomy, Aarhus University, 8000 Aarhus C, Denmark  
3Instituto Nicolás Cabrera (INC) and Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de 

Madrid, E-28049 Madrid, Spain  
Email: juan.esteve@uam.es 

We predict that long-lived excitons with very large binding energies can also exist in a single or few layers 
of monochalcogenides such as GaSe. Our theoretical study shows that excitons confined by a radial local 
strain field are unable to recombine despite electrons and holes coexisting in space. The localized single-
particle states are calculated in the envelope function approximation based on a three-band k.p Hamiltonian 
obtained from density-functional-theory calculations. The binding energy and the decay rate of the exciton 
ground state are computed after including correlations in the basis of electron-hole pairs. The interplay 
between the localized strain and the caldera-type valence band characteristic of few-layered 
monochalcogenides creates localized electron and hole states with very different quantum numbers which 
hinders the recombination even for singlet excitons.  
 
 
[1] J.J. Esteve-Paredes et al., Phys. Rev. Lett., 123, 077402 (2019) 
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12:40 “From quantum anomalous Hall phases to topological metals in interacting decorated   
honeycomb lattices”. 
Manuel Fernández Dpto. de Física Teórica de la Materia Condensada 

 

From quantum anomalous Hall phases to topological metals 
in interacting decorated honeycomb lattices 

 
A Manuel Fernández1, B Jaime Merino1 

1Departamento de Física Teórica de la Materia Condensada, 
Condenssed Matter Physics Center (IFIMAC) and Instituto Nicolás Cabrera (INC), 

Universidad autónoma de Madrid, Madrid 28049, Spain 
Email: manuel.fernandezl@uam.es  

 
An analysis of the stability of topological states induced by Coulomb repulsion on decorated honeycomb 
lattices (DHL) is presented. Based on a mean-field treatment of a spinless extended Hubbard model on the 
decorated honeycomb lattice we show how the quantum anomalous Hall (QAH) phase is a robust 
topological phase which emerges at various electron fillings and involves either quadratic band crossing 
points (QBCP) or Dirac points of the bands. We show how a topological metal can be induced from the 
QAH by electron doping the system in a broad electron doping range. Electrons on the Fermi surface of 
such metallic states are characterized by having a nonzero Berry phase which can give rise to a 
nonquantized intrinsic Hall conductivity.  
 

 
 
Figure 1. (a) The DHL band structure of a tight-binding model is presented along the k-path M-Γ-K-M displaying 

Dirac points at K (K’) and QBCP’s at Γ. (b) When off-site Coulomb repulsion is switched on, a gap is opened up at 
these touching points. V1 and V2 parametrize the Coulomb repulsion between n.n. and n.n.n. respectively. The 

Chern numbers (νn) associated with each band are also shown. (c) The QAH phase emerges characterized by chiral 
currents piercing elementary plaquettes of the lattice spontaneously breaking time-reversal symmetry. 

 
This talk is in relation with our recently published article. In order to see more details of our work, I 
provide you the paper reference [1].  
 
[1] M. F. López and J. Merino, Phys. Rev. B 100, 075154 (2019). 



 

14 
 

Session I I I 
 

Chair of the session: Fabrice Leardini 
15:40 “Ultrathin transparent B-C-N layers grown on titanium substrates with excellent electro-
catalytic activity for the oxygen evolution reaction” 

Nuria Jiménez-Arévalo Departamento de Física de Materiales 

Ultrathin transparent B-C-N layers grown on titanium 
substrates with excellent electro-catalytic activity for the  

oxygen evolution reaction  
 

Nuria Jiménez-Arévalo1, Fabrice Leardini1,2, Isabel Jiménez Ferrer1,2, José Ramón Ares1, Carlos 
Sánchez1,2, Mahmoud M. Saad Abdelnabi3, Maria Grazia Betti3, Carlo Mariani3  

1 Departamento de Física de Materiales, Universidad Autónoma de Madrid, Madrid, Spain  
2 Instituto Nicolás Cabrera, Universidad Autónoma de Madrid, Madrid, Spain 

3Dipartimento di Fisica, Università di Roma ‘La Sapienza’, I-00185 Roma, Italy  
Email: nuria.jimenezarevalo@estudiante.uam.es 

 

Ultrathin B-C-N layers grown on Ti substrates are investigated as efficient anodes for electrochemical 
water splitting. A fast and direct synthetic route has been used, based on plasma-enhanced chemical 
vapour deposition with Methylamine Borane as a single-source molecular precursor. The effect of growth 
time on the morphological and structural properties and on the chemical composition of the layers has 
been investigated by scanning electron microscopy, Raman spectroscopy, x-ray photoelectron 
spectroscopy and transmission electron microscopy coupled with electron energy loss spectroscopy. Flat 
B-C-N layers on top of an amorphous titanium oxide layer present at the Ti surface have been obtained 
by using short growth times, while longer growth times give rise to core/shell structures formed by 
vertical wall B-C-N layers and titanium carbonitride phases. The obtained layers present enhanced 
electrocatalytic activity for the oxygen evolution reaction in alkaline aqueous solutions. Moreover, owing 
to their ultrathin nature, the B-C-N layers preserve the photocurrents of the underlying titanium oxide 
layer, acting as transparent electrodes with high conductivity for the photogenerated charge carriers and 
improved electrocatalytic activity for the oxidation of water to oxygen gas. The present results may have 
important applications in the development of metal-free photochemical water splitting devices. 

 

Figure 1. Schematic representation 
of the positions of the valence and 
conduction bands (VB and CB, 
respectively) and the Fermi level 
(EF) of Ti-BCN electrodes relative 
to water oxidation/reduction 
potentials. 

 
[1] Leardini, F.;  Jiménez-Arévalo, N.; Ferrer, I.J.; Ares, J.R.; Molina, P.; Gómez Navarro, C.; Manzanares, Y.; 
Granados, D.; Urbanos, F.J.; García-García, F.J.; del Campo, A.; Avvisati, G.; Betti, M.G.; Mariani, C., 2D 
Materials 6, 035015 (2019) 
[2] Jiménez-Arévalo, N.; Leardini, F.; Ferrer, I.J.; Ares, J.R.; Sánchez, C.; Saad Abdelnabi, M.M. ; Betti, M.G.; 
Mariani, C., ACS Applied Energy Materials (submitted, 2019) 
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Impedance spectroscopy in optoelectronic devices 
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Impedance measurements have been performed on a variety of n-AlxIn1-xN (x = 0.38-0.42) on p-Si (111) 
heterojunction solar cells with (Al,In)N thickness from 65 to 145 nm. Impedance frequency was varied 
from 20 Hz to 1 MHz and bias voltages from -1 V to 0.5 V in order to study both the space charge region 
capacitance and minority carrier lifetimes. Equivalent circuit used for the analysis consist on two Cp-Rp 
sub-circuits in series with a resistor. To complete solar cell characterization, light and dark I-V 
measurements were performed to extract device characteristic parameters, using the so-called two-diode 
model to fit dark I-V curves. 
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Interfacial Spin-Orbit Coupling: New Platform for 
Superconducting Spintronics 
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Superconducting spintronics offers a tantalizing prospect of ultralow-power applications by marriage of 
dissipationless currents and versatile manipulation of spins. However, it currently relies on complex 
building blocks and multiple ferromagnetic multilayers to overcome the competition between 
superconductivity and ferromagnetism through long-range triplet (LRT) proximity effects [1]. 
Unfortunately, these approaches are not compatible with commercial spintronic applications based on 
ferromagnets, such as a Fe or Co which with a MgO tunnel barrier ensure record values of room-
temperature magnetoresistance (MR). To overcome these limitations, this work demonstrates a much 
simpler platform, all-epitaxial Fe/MgO/V junctions, relying on a single ferromagnetic layer and a suitable 
tunnel barrier with a spin-orbit coupling inherent to interfaces. Remarkably, by cooling such structures 
below the superconducting temperature of Vanadium they undergo a 1000-fold increase in 
magnetoresistance anisotropy. Supported by theoretical calculations, we experimentally demonstrate that 
the resulting transport phenomena, consistent with LRT, are strongly influenced by SOC, even when its 
role in the normal state is negligible [2]. This discovery opens unexplored possibilities for applications 
and manipulating elusive spin-triplet superconductivity. 

 
Figure 1. Sketch of the junctions (left) and of the proposed LRT generation mechanism (right). 

 
[1] F.S. Bergeret, I.V. Tokatly, Phys. Rev. Lett., 110, 117003 (2013). 
[2] I. Martínez, P. Högl, C. González-Ruano et al., Phys.Rev.Appl. (accepted for publication on Physical Apllied, 
arXiv:1812.08090) 
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Parametric amplification of the Josephson current in noisy 
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Scanning Tunneling Microscopy experiments 
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Josephson scanning microscopy consists of measuring the Josephson coupling between a superconducting tip and 
a superconducting sample as a function of the position on the sample with a Scanning Tunneling Microscope 
(STM). The junction's barrier is formed by vacuum and the conductance of the junction is very small. Furthermore, 
the measurement of the current-voltage characteristics is constrained by the needs arising from scanning 
microscopy, mostly implying that the Josephson coupling energy is smaller than the thermal energy. This 
considerably reduces the Josephson current, which is much smaller than the tunneling current for voltages above 
the superconducting gap and thus difficult to follow during scanning. Here we find a low frequency AC Josephson 
current whose size is considerably larger than the DC Josephson current. We determine the parameters of the 
junction and find a parametric amplification of the Josephson current enforced by relaxation oscillations. 

 

 

FIG. Oscillating Josephson current in the 
negative differential resistance regime.  (a)  
In the main panel we show the tunneling 
current vs bias voltage close to zero bias. 
Data are shown in blue, with voltage swept as 
marked by the arrows. Colored points 
indicate the point where the time dependent 
current shown in (b) was recorded. In the 
upper left inset we show the compete curve 
up to the superconducting gap. In the lower 
right inset we compare the time averaged 
tunneling current (left axis) with the 
oscillating component (right axis). Curves are 
taken at zero magnetic field, a temperature of 
150 mK and with a junction’s resistance of 
50kΩ. (b) Tunnelling current vs time for 
different values of the applied bias voltage 
(following the color code given in the main 
panel of (a)).  Bias voltages are provided, for 
clarity, in the legend. (c) Tunneling current vs 
time over 50 ms at a fixed bias voltage, 
indicated in the panel. The current bursts with 
random probability. 
 

 
 



 

20 
 

Pablo Bastante Flores Dpto. de Física de la Materia Condensada 

 

Single-Molecule Junctions: Thermoelectric Properties 
 

Pablo Bastante Flores1, Juan Hurtado-Gallego1 and Nicolás Agraït1,2,3 

1Departamento de Física de la Materia Condensada, Universidad Autónoma de Madrid, Madrid, Spain 
2Instituto Madrileño de Estudios Avanzados en Nanociencia IMDEA-Nanociencia, Madrid, Spain 

3Instituto Nicolás Cabrera en Ciencia de Materiales, Universidad Autónoma de Madrid, Madrid, Spain 

Email: pablobastante550@gmail.com  
 

 
The recently measured quantum interference effects in single molecules at room temperature can bring 

to design low-cost ultra-thin thermoelectric devices with an unprecedented efficiency to either energy 
generation from waste heat or to cool at the nanoscale. By the use of a home-built STM, performing the 
technique STM - Break Junction, both the conductance and the thermopower have been measured 
simultaneously for each single-molecule junction at ambient conditions [1,2]. Two different studies have 
been carried out, about the organic molecules transport properties improvement by adding metallic atoms 
and the development of molecules with mechanically tunable transport properties due to the quantum 
interference effects [3].  

 

Figure 1. Thermoelectric Properties of Organic and Organometallic Molecular Junctions. (a) Set of molecules 
measured for the study. The results of compound 4 are the ones shown. Histograms from I-V curves data about (b) 
the conductance and (c) the thermovoltage of one of the measurements performed for 4 increasing tip-sample 
temperature differences are shown. Dashed lines show the gaussian fitting of the data, where the black dots in (b) are 
located at the mean value and the high obtained. The main value of the conductance (inset) doesn´t depend on the 
temperature difference, while there is a linear increase for the temperature difference dependence of the 
thermovoltage. This behavior is shown in (d) for the 3 measurements performed. By linear fitting the data, the Seebeck 
coefficient is obtained as the slope (inset). 
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Figure 2. Mechanical Tuning of Molecule’s Transport Properties. (a) Histogram of the conductance from the G-z 
curves is shown. Two regions appear for very different values of the conductance (about one order of magnitude and 
a half). (b) G-z curve of one single retraction performing the STM-BJ technique. Stick-slip behavior is shown. Due to 
the quantum interference effects, huge periodical changes of the conductance value are performed by the molecule 
while jumping towards the end of the tip, changing his configuration. (c) Seebeck value for each conductance 
measurement. Conclusive results appear only between G = G0·10-3 and G = G0·10-4, wherein (d) it is shown the linear 
fitting in this range, obtaining the Seebeck coefficient as the slope (inset). 

  
 

 
 
[1] L. Rincón-García, C. Evangeli, G. Rubio-Bollingerac and N. Agraït, Thermopower measurements in molecular 
junctions, Chem. Soc. Rev. 45, 4285 (2016) 
[2] C. Evangeli,  K. Gillemot, E. Leary,  M. T. González, G. Rubio-Bollinger, C. J. Lambert, and N. Agraït, 
Engineering the Thermopower of  C60 Molecular Junctions, Nano Lett, 13, 2141 (2013) 
[3] D. Stefani, K. J. Weiland, M. Skripnik, C. Hsu, M. L. Perrin, M. Mayor, F. Pauly and H. S. J. van der Zant, 
Large Conductance Variations in a Mechanosensitive Single-Molecule Junction, Nano Lett, 18, 5981 
(2018)  
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lattices 
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Disordered arrangements of particles can be totally random, with density fluctuations at all length 
scales, or present long-range interactions that eliminate density fluctuations, while leaving disorder. 
The latter has been coined as disordered hyperuniformity and its search is an ongoing topical field [1]. 
Superconducting vortex lattices can be fully disordered with long range logarithmic interactions, 
which makes them good candidates to show disordered hyperuniform behavior [2]. Here we study 
ordered, polycrystalline and fully disordered lattices in bulk superconductors and in thin films. We 
calculate for each case the structure factor and number variance and find that when lattices have many 
defects, density fluctuations also appear. However, when defects appear at magnetic fields far from the 
critical temperature or upper critical field, density fluctuations are strongly reduced. This suggests that 
vortex lattices disordered by strong individual vortex pinning can show hyperuniform behavior. 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 1. Comparation of a random lattice (a) and a hyperuniform lattice (b) 

 
[1] S. Torquato and F. H. Stillinger, Physical Review E, 68, 041113 (2003). 
[2] Q. Le Thien, D. McDermott, C.J. Olson Reichhardt and C. Reichhardt Phys. Rev. B 96 094516  (2017).  
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XPS/HAXPES characterization of titanate assisted 
organosilanized surfaces 
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Departamento de Física Aplicada, Universidad Autónoma de Madrid, 28049 Madrid, Spain; b Spline, European 

Synchrotron Radiation Facility, 38000 Grenoble, France. 
Email: rodrigo.calvo@uam.es  

The surface biofunctionalization of inorganic materials implies the formation of an organic layer that 
allows the conjugation with the biomolecules. Titanate assisted organosilanization (TAO) is a technique 
for surface functionalization that is gaining relevance as it demonstrates its generic value on both, the 
different types of substrates it can functionalize and the alternatives in functional organosilanes that can 
be integrated on the surface. In this work, we have carried out an X-Ray photoelectron spectroscopy 
(XPS) and hard X-ray photoelectron spectroscopy (HAXPES) characterization [2] of TAO films to make 
an in-depth evaluation of the distribution and orientation of a variety of organosilanes within the 
condensing titanate film. XPS has been used for the inspection of films of the alkane octyl-silane 
(OCTS) and thiol mercaptopropyl-silane (MPS) with respect to a titanate control film (TIPT). It has 
been observed that the organosilane migrates to the surface reverting the molar concentration for OCTS 
and MPS. Relevantly, the surface concentration of the atoms related to the organosilane queues also 
increase notably their molar concentration on the surface. These results highlight that relevant molecular 
dynamics phenomena take place during condensation, leading to a surface segregation. 
An additional organosilane (perfluorodecyl silane, PFDS) was probed by HAXPES at increasing 
energies. The composition of the surface could be explored at different depths. The results show that the 
concentration of organic species increases with respect to the Ti signal as the excitation energy of the 
X-ray beam is reduced. Not only the relative stoichiometry of the elements suggests an organization of 
the organosilane on the film, but also the relative components of core level peaks of specific elements: 
in the Si 1s core level, the one related to the silane (Si-O) with respect to the one related to the substrate 
(Si-Si). 
 
 

 

 

 

 

 

 

Figure 1: a) XPS survey spectrum of MPS condensed by TAO. b) HAXPES Si 1s core level spectrum of a PFDS 
layer, showing substrate (Si-Si) and silane (Si-O) related contributions.  

This data agree with the idea that, not only the organosilanes migrate to the surface during the 
condensation of the titanate, but also they orient preferentially exhibiting their non-hydrolysable 
functional groups to the surface. This behavior can be understood if the condensation kinetics of the 
organosilanes is slower than that of the titanate.  

 [1] D. Moreno-Cerrada, C. Rodríguez, F. Moreno-Madrid, E. Selivanovitch, T. Douglas, P.J. de Pablo, and 
M. Manso Silván, Loading the dice: The orientation of virus-like particles adsorbed on titanate assisted 
organosilanized surfaces, Biointerphases, 14 (2019) 011001. 

[2] J. Rubio-Zuazo, A. Chainani, M. Taguchi, D. Malterre, A. Serrano, and G.R. Castro. Electronic structure 
of FeO, γ−Fe2O3, and Fe3O4 epitaxial films using high-energy spectroscopies. Phys. Rev. B 97, 235148. 
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Spin waves, being usually reflected by domain walls, could also be channeled along them. Recent studies 
allowed observation of spin waves along domain walls in rectangular, circular [1] and triangular dots in 
the ground or metastable states. Triangular dots could also present edge pinned inhomogeneous 
magnetic states, depending on the direction of the external magnetic field. These edge domain walls 
yield the interesting, and potentially applicable to real devices property of broadband spin wave 
confinement to the edges of the structure [2,3], with capabilities to be redirected at angles exceeding 
100 degrees. Specific devices such as edge spin wave interferometers, controllers or splitters have been 
proposed where the edge spin waves could be implemented. Here we present simulation results obtained 
on the YIG based triangles where edge spin waves could be propagated over the corner in triangles of 
up to 4 microns side with a fixed thickness of 85 nm (Figure A). Parameters such as superior vertex 
angle, studied in the range of 50º-120º, and damping, varied from 2.8x10-3 up to 11.2x10-3 have been 
optimized in order to obtain a higher transmission coefficient over the vertex of the edge spin waves. A 
generated upper vertex domain wall causes the propagation and the reflection of the spin wave, which 
has been examined by a reflection coefficient. We have also investigated the depth profile of the edge 
spin waves as a function of the type of local corner excitation. We have also found that the magnetic 
torque strength exerted by the corner-localized oscillators (Figure B) has its minima at the middle layer, 
leading to a depth-dependent transmission of the edge spin waves.  
 

 

 

 
 
 
 
 
 
 
 
 
Figure: A) Snapshot of an edge spin wave propagated through both sides on a 4 micron side YIG triangle with a 
local microwave sinusoidal excitation perpendicular to the left side (4 cells in the bottom left corner). B) Colored 
in the Z direction magnetization profile close to the left corner of the triangle, showing the possibility of having a 

microwave superficial or in depth excitation, which propagates the edge spin wave along the structure. 
 
[1] F. G. Aliev, et al., Phys. Rev. B84, 144406 (2011). 
[2] A. Lara, V. Metlushko and F. G. Aliev, J. Appl. Phys. 114, 213905 (2013). 
[3] A. Lara, J. Robledo, K.Y. Guslienko and F. G. Aliev, Scientific Reports, 7: 5597 (2017). 
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coupling in semiconducting nanowires 
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Semiconductor Rashba nanowires are quasi-one dimensional materials that have large spin-orbit (SO) 
coupling arising from a broken crystal potential symmetry due to an external electric field. There exist 
parametrized multiband models that can describe accurately this effect [1]. However, simplified single 
band models are highly desirable to study geometries of recent experimental interest, since they may 
allow to incorporate the effect of the electrostatic environment of the nanowires at a reduced 
computational cost. We demonstrate here that an effective equation for the linear Rashba SO coupling 
of the semiconductor conduction band can reproduce the behaviour of more sophisticated eight-band 
k·p model, what is achieved by adjusting a single effective parameter that depends on the nanowire 
crystal structure and its chemical composition (see Fig. 1). We further compare our approach with the 
Rashba coupling extracted from several experiments [2] finding an excellent agreement. Our work may 
be crucial in systems where the spin-orbit interaction plays a major role, such as in spintronics devices 
or Majorana nanowires. 
                               

                                    (a) 

 

 

 

 

                                    (b) 

 

 

 

 

 

 

 

Figure 1. (a) Scheme of a prototypical device for measuring the Rashba spin-orbit coupling, in which a 
semiconducting nanowire is placed on top of a substrate with a gate below. A top metallic layer may be 

deposited to enhance the Rashba spin-orbit coupling. (b) Effective spin-orbit coupling obtained for different 
crystals, using an eight-band k·p model or an effective conduction band approximation. 

 
[1] T. Campos, P. E. Faria Junior, M. Gmitra, G. M. Sipahi, and J. Fabian, Phys. Rev. B, 97, 245402 (2018) 

[2] K. Takase, Y. Ashikawa, G. Zhang, K. Tateno, and S. Sasaki, Scientific Reports, 7, 2045 (2017) 
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A scanning tunneling microscope (STM) has been successfully installed in a dilution refrigerator with 
a 22T superconducting magnet. The set-up is mechanically isolated using a low vibration floating floor 
and has been successfully used to measure single atom point contacts of gold and to acquire atomic 
resolution images in 2H-NbSe2 above 20T. Here, we describe the in-situ sample breaking mechanism, 
the thermalization and filtering of the wiring used in STM measurements, including a new high 
frequency filter and its characterization. 
. 
 
[1] H. Suderow et al. Review of Scientific Instruments 82, 033711 (2011) 
[2]ahombrosdegigantescienciaytecnologia.wordpress.com/2016/07/22/el-microscopio-de-efecto-tunel-binnig 
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There is a high demand for highly selective and sensitive analysis techniques in the realm of personalized 
medicine. For example, there are a plethora of different biomarkers present in a blood sample that, if 
properly analyzed, can be used to monitor a patient’s health1. I will present a potentially fast, label-free 
platform based on Raman scattering that could have an immense impact in the field of diagnostics. 

The typically small Raman scattered signal can be enhanced significantly in the vicinity of plasmonic 
structures, which is also known as Surface Enhanced Raman Scattering (SERS)2. The Raman scattered 
spectrum of a molecule contains all the information necessary to uniquely identify a molecule. However, 
in many cases selecting a few features in the spectrum is enough to identify or at least distinguishing 
different molecules in a known mixture and in this case the complete Raman spectrum is not necessary. 
This is very similar to the color vision system humans and many animals possess that allows us to 
distinguish objects based on the spectral composition of the light coming from an object without the 
need to have access to the complete spectral information. The plasmonic eye I propose is a plasmonic 
nanoantenna that aggregates features from the Raman spectrum such that molecules can be 
distinguished, similar to the human color vision system. 

These antennas will need to be engineered on multiple levels and we will make use of models trained 
with machine learning to assist with the design3. The models will account for enhancing Raman 
scattering as well as engineering the scattering properties of the antenna itself, i.e. beaming the Raman 
signal into specific directions for optimal resolution. The models can then also be used for any other 
inversed design project in the future. 

References 

1. Liotta, L. A., Ferrari, M. & Petricoin, E. Clinical proteomics: written in blood. Nature 425, 905 (2003). 
2. Le Ru, E. C. & Etchegoin, P. G. Principles of surface-enhanced Raman spectroscopy and related 
plasmonic effects. (Elsevier, 2009). 
3. Liu, Z., Zhu, D., Rodrigues, S. P., Lee, K.-T. & Cai, W. Generative Model for the Inverse Design of 
Metasurfaces. Nano Letters 18, 6570–6576 (2018). 
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Two-dimensional materials have been a field of intense research activity since graphene was first 
discovered in 2004 [1], owing to their unique electrical, optical and mechanical properties. Among these 
materials, the family of transition metal dichalcogenides (TMDCs) have attracted a growing interest in 
the past decade due to distinct properties (e.g., an electronic bandgap, strong spin-orbit coupling, spin-
valley locking) that are very attractive for the next generation of nano-devices [2,3]. Here, we take the 
first steps towards the development of devices based on 2D TMDCs. In particular, we study the positive 
impacts of thermal annealing, encapsulation with hexagonal boron nitride (h-BN) and of thin graphite 
contacts on the properties of field-effect transistors based on few-layer MoS2 and WSe2. As a next step, 
we aim to further optimize the contact resistance of our devices and to develop local gate electrodes in 
order to study the electronic properties of few-layer TMDCs at low temperature. 

 
 
 
[1] K. S. Novoselov et al., Science 306, 666 (2004). 
[2] B. Radisavljevic et al., Nature Nanotechnology 6, 147-150 (2011) 
[3] H.-J. Chuang et al., Nano Letters 14, 3594-3601 (2014) 
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Functionalization of 2D materials, and especially of graphene, by either molecular adsorption on top or 
intercalation of elements at its interface with a substrate has received a huge amount of interest during 
the last years owing to the prospect of properties tuning and potential application in the forthcoming 
nanotechnology.[1,2] Graphene growth on metal substrates by Chemical Vapour Deposition (CVD) is 
one of the most used method to obtain large scale and high quality monolayer.[3,4] The structural and 
electronic properties of graphene monolayers so obtained are modified with respect to these of free 
standing graphene due to the interaction with the substrate.[5] To date, this growth methodology has 
been applied mainly on metal surfaces with hexagonal symmetry, and the resulting monolayers become 
patterned according to 2D periodic modulations known as moiré patterns. However, 1D patterning of 
nearly freestanding graphene monolayers is still highly pursued. 
 
In the present work, by combining scanning tunneling microscopy/spectroscopy (STM/STS) and low 
energy electron diffraction (LEED) under ultra-high vacuum (UHV), we report on the structural 
characterization of Gr/Rh(110) as well as the geometrical and electronic features of oxygen intercalated 
Gr/Rh(110). Our results reveal the formation of quasi-1D like patterns on both pristine and oxygen 
intercalated Gr/Rh(110), which could be used as 1D templates. Besides, after oxygen intercalation we 
observe that the graphene is decoupled from the metal, retrieving a nearly free standing monolayer 
(although it is positively doped). Finally, based on high resolution STM images, we demonstrate that 
the oxygen phases on bare Rh(110) [6] are different when it is covered by graphene. 
 

    
Figure 1. STM image of G/O/Rh(110) showing the graphene atomic resolution along with missing row channels. 

Vs=0.38 V; It=10.3 nA; size: 13x7 nm2. 
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Quantum interference effects have been predicted theoretically to have a strong effect on the transport 
properties of molecular junctions. In particular, the thermoelectric properties could be greatly enhanced 
if destructive quantum interference takes place close to the Fermi energy.  
 

 
Figure 1. (a) All the synthetized 3,6- Dipyridylfluorene derivates molecules, measured(green) and not 

measured(black). (b-c) Conductance (G) 1D histograms and Gaussian fit of the Fl-Me, Fl-O and Fl-S molecular 
junction conductances with the most probable value(G). (d) Linear fit of Vth(thermovoltage) vs ΔT (difference 
of temperature between the tip and the sample) measurements of Fl-Me, Fl-O and Fl-S molecules, whose slopes 

corresponds to the Seebeck coefficients(S) shown in d). 
 
We have studied the thermoelectrical properties of para- and meta- dipyridylfluorene derivatives[1] (see 
Figure 1) in order to explore these quantum interference effects in single molecules[2]. We employed 
the STM-Break Junction technique[2] using a homebuilt Scanning Tunneling Microscope (STM) 
modified to measure the electrical conductance G and Seebeck coefficient S simultaneously[3].   
 
 
[1] C. J Lambert., Chem. Soc. Rev., 44, 875 (2015) 
[2] Gilles Yzambart et al., J. Phys. Chem. C,48 , 122, 7198–7204 (2018). 
[3] Charalambos Evangeli et al., Nan Lett. 5., 13, 2141-2145 (2013) 
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In the past years, hybrid superconductor-semiconductor nanowire structures have been extensively 
studied due to their potential for realizing a topological superconductor, which could ultimately lead to 
the development of noise-robust topological qubits. Despite the great recent experimental advances, a 
fully conclusive demonstration of a topological superconductor is still missing. Here, we take the first 
steps towards exploring an alternative approach for engineering a topological superconductor: to 
controllably build it using an array of quantum dots with induced superconductivity. In this work, we 
study a first prototypical device comprised of an InAs nanowire contacted with superconducting Al 
leads, a global back gate and multiple local bottom gates. By employing this geometry, we are able to 
study transport in single and double quantum dots controllably confined in the nanowire. Clear 
signatures of the induced superconducting gap were detected in quantum dots confined near the Al 
contacts. In the double dot regime, we observe a conductance asymmetry with respect to the applied 
bias in some of the triple points, which could be reminiscent of the Pauli spin blockade effect.  
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In the last years, functionalization of AFM tips has been revealed as a powerful tool to achieve an 
enhanced resolution able to resolve intramolecular features [1,2]. The study of molecules in the 
intramolecular scale on a carbon sp2 surface is attractive due to the low interaction that keeps the 
properties of the adsorbed molecule close to the free molecule state, allowing investigating the properties 
of low perturbed molecules. Nevertheless, to the best of our knowledge, the most common tip 
functionalization by means of a CO molecule can be difficult to achieve on a graphene surface due to 
the high diffusion of the CO molecule. Xenon, which has been showed as a good candidate to achieve 
intramolecular resolution [3], could be an alternative since previous works on HOPG [4,5] point towards  
the formation of Xe islands on graphene where the tip could be functionalized. 
 
In this work, a home-made cantilever-based nc-AFM operated under ultra-high vacuum conditions at 
5K has been employed to investigate the adsorption of xenon on Gr/Pt(111) at the submonolayer regime. 
Well-ordered xenon islands have been observed, although their differentiation with respect to the 
graphene is not trivial by means of nc-AFM. Our investigations show that atomic resolution is not 
necessary to differentiate xenon islands from graphene and demonstrate that force spectroscopy can be 
used as an alternative, easier and robust method to identify the xenon regions.  Moreover, tip 
functionalization with a Xe atom has been achieved in two different ways opening the door to future 
explorations of molecules in the intramolecular scale. 
 

  
 

Figure 1. AFM image measured at 5K with atomic resolution of xenon adsorbed on graphene. Image 

parameters: 2.5x2.5 nm
2

; V
s
 = +1.1V; Δf=-2.7Hz; A=20nm. 
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Understanding transport characteristics of single atom junctions is of fundamental importance to 
further progress in nano-electronics. These junctions represent the last limit of miniaturization, 
showing quantum effects in the electric conductance [1-2], thermoelectricity [3], and Joule heating [4]. 
Due to the difficulty of studying thermal transport in these systems, it has been reported only very 
recently using complex microfabricated sensors [5].  
Here, we report a novel approach to simultaneous measurements of electrical and thermal conductance 
of single-atom junctions. We use a scanning tunneling microscope-based setup, using a hot-wire 
temperature sensor. The measurements were performed in ambient conditions at room temperature, 
providing the opportunity for fast thermal and electrical characterization of atomic junctions. We 
characterize the microscope’s performance and demonstrate the capability of our new approach by 
studying charge and heat transport in atomic size metallic junctions. 

 

Figure1 : Experimental setup: custom-built STM setup 
 
 
[1] Quantum properties of atomic-sized conductors. N. Agraït et al., Physics Reports 377 81 (2003). 
[2] Conductance steps and quantization in atomic-size contacts. N. Agraït et al., Phys. Rev. B, 47, (1993). 
[3] Molecular design and control of fullerene-based bi-thermoelectric materials. Laura Rincón et al. Nature 
Materials 15, 289 (2016). 
[4] Heat dissipation in atomic-scale junctions. Woochul Lee et al. Nature 498, 209 (2013) 
[5] Quantized thermal transport in single-atom junctions. Longji Cui et al. Science, 17, 1192 (2017). 
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Photodynamic therapy (PDT) consists in the generation of cytotoxic reactive oxygen species (ROS) by 
means of a photosensitizer (PS) and light [1] in order to cause cancer cell death. Because of being 
easy, selective and having less side effects, PDT is a widely applied technique to treat cancer. 
However, working in vivo presents difficulties due to the attenuation that the light suffers through the 
organism (skin, blood, etc.), being this one of the main reasons why PDT is only used to treat small 
tumors on the skin or on the lining of internal organs or cavities. 
 

 
Figure 1. Schematic process of ROS generation using the up-conversion emission of the NP’s under NIR 

excitation 
 
Eosin Y is going to be used as PS, because of having absorption and emission bands located in the 
visible region of the electromagnetic spectrum, and under the right excitation they generate ROS. 
However, their biological applications are limited because they are not able to enter living cells and can 
only pass through partially broken cell membranes (fixed cells). In order to solve this problem, we have 
attached eosin Y to rare-earth-doped nanoparticles via polyethylene glycol chains (PEG). These 
NaGdF4: Nd3+, Yb3+, Tm3+ nanoparticles, when illuminated with light of 808 nm, have both NIR and 
visible emissions, being the second one generated by upconversion processes. We expect that our NP-
dye structures are capable of penetrating living cells and then performing PDT inside the cells. In 
addition, the NIR emissions of these NP’s are located precisely in the biological windows (regions of 
the spectrum where the attenuation coefficient is low [2], allowing us to detect the emissions), which 
can be used for bioimaging applications.  
 
We have shown that once NP and Eosin Y are linked, the resulting structure is able to bind to living 
cells and generate ROS, resulting in the death of cancer cells. 
 
[1] B. del Rosal et al., Advanced Functional Materials. 28, 1803733, (2018) 
[2] Eva Hemmer et al., Nanoscale, 5, 11339, (2013) 
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Optical trapping (OT) has been evidenced as one of the most important manipulating tools with 
real potential applications in numerous areas ranging from biology to physics [1-3]. However the 
conventional OT are ineffective to trap and manipulate sub-10 nm particles due to the fundamental limit 
imposed by laser beam diffraction and the dramatic disturbances caused by Brownian motion [4]. One 
of the most recent advances in the manipulation of Rayleigh particles is based on reducing the trap 
volume, which increases the optical gradient force. It can be achieved by using a dielectric microsphere 
as a focusing lens [5]. A photonic nanojet (PNJ) is produced on the shadow side of the dielectric 
microsphere when it is illuminated by a plane wave. The light is confined in a narrow region of the space 
as a result of the constructive interference of the electromagnetic field after being diffracted by the 
microsphere. A PNJ usually has sub-diffraction-limit beam waist, and so the optical gradient force near 
a PNJ is much stronger than in a beam focus originated by a high NA objective lens. Therefore, PNJ are 
promising candidates for optically trapping and manipulating luminescent nanoparticles and nanosized 
objects. 

 

 
Fig. 1. (a) Optical image of the 
microspheres used to generate the PNJ, 
(b) TEM image of the UCNPs. Inset 
shows the size distribution obtained 
from TEM images analysis. (c) Scheme 
of the trapped microsphere and the 
UCNP trapped by the generated PNJ 
 

 
Upconverting fluorescence nanoparticles (UCNPs) have a remarkable ability to convert near-

infrared excitation to visible luminescence and have shown a great promise for broad applications, 
ranging from biological sensing and imaging to photodynamic therapy [6]. Here SrF2:Ho,Yb UCNPs 
(8 nm) are used to test the capture capability of PNJ. By taking advantage of the PNJ generated by an 
optically trapped microsphere (silica, 2 m), the single-beam optical trapping of UCNPs was 
improved. The optical forces created by the PNJ on a sub-10 nm UCNP have been measured by the 
hydrodynamic drag method. Results have revealed a 10-fold increment in the effective trap stiffness 
with respect to that obtained by only using the same objective without microsphere.  

The PNJ prove that it is a simple, effective, and non-invasive method for the optical trapping, 
manipulation, and detection of single sub-10 nm UCNPs. Consequently, this enhanced tool is promising 
for biosensing and single particle studies. 
 
[1] Jaque, D. and F. Vetrone. Nanoscale, 2012, 4(15): 4301-4326. 
[2] Rodriguez-Sevilla, P., et al. Adv Mater, 2016, 28(12): p. 2421-6 
[3] Rodríguez-Sevilla, P., et al. Journal of Materials Chemistry B, 2017, 5(46): 9085-9101. 
[4] Li, Y. C., et al. Light Sci Appl, 2016, 5(12): e16176. 
[5] Heifetz, A., et al. J Comput Theor Nanosci, 2009, 6(9): p. 1979-1992. 
[6] Zhou, B., et al. Nat Nanotechnol, 2015, 10(11): p. 924-36. 
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A number of powerful photonic strategies to study the influence of the local density of optical states 
(LDOS) on the dynamics of light emitters have been developed over the years [1-3]. One of the simplest 
approaches involves placing the emitters between two reflecting surfaces forming a Fabry-Perot cavity. 
To vary the LDOS in such a system, the key tuning knob is the cavity length.   
Typical Fabry-Perot cavities are fabricated as vertical stacks using thin film deposition. However, from 
a practical point of view, tuning the LDOS in such a vertical Fabry-Perot cavity requires the fabrication 
of many different geometries [4], thus limiting the ability to efficiently optimize the performance.  
Obtaining a large range of cavity lengths in a single structure is challenging, though some reports using 
more complex scanning probe methods have been reported [5-6]. 
Here, we present a method to produce a wedge-shaped cavity in which the full spectrum of cavity lengths 
can be obtained [7]. It is fabricated by mechanically clamping together two silver-coated microscope 
slides using a small spacer on one side. This allows for accurate control over the angle (< 1 degrees) 
between the two silver surfaces and generates a continuously tunable cavity length along the wedge. 
The simplicity of this technique provides the quick development of samples which can be analysed with 
single measurements including the thickness of the cavity as free parameter. This platform allows us to 
precisely align the cavity mode spectrum with the energy spectrum of the active layer. As a first example, 
we will present results on the fine-tuning of cavity resonances with excited states in a molecular dye, 
and discuss the influence of the LDOS in modifying the excited state of these systems. Second, we will 
discuss the fine-tuning of strong light-matter coupling between cavity modes and excitonic materials.  
Our simple architecture provides a powerful yet easily implementable strategy for the detailed mapping 
of LDOS in a variety of materials. This will aid the design of optimized cavity induced photonics.  
 
 
 
[1] K. H. Drexhage, et al, Ber. Bunsenges. Phys. Chem., 70, 1179 (1966) 
[2] J. Johansen, et al, Phys. Rev. B, 77, 073303 (2008) 
[3] A. Kwadrin et al, J. Phys. Chem. C, 116, 16666-16673 (2012) 
[4] A. Shalabney, et al, Nature Comm, 6, 5981-5987 (2015) 
[5] H. Kelkar, et al, Phys. Rev. Applied, 4, 054010 (2015) 
[6] D. Wang, et al, Phys. Rev. X, 7, 021014 (2017) 
[7] A. J. Magdaleno, et al, (2020), in preparation 
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Ce(Ru0.92Rh0.08)2Si2 is a heavy fermion system with a magnetic field induced quantum critical transition 
between an antiferromagnetic (AF) and a polarized paramagnetic phase (PPM) at HC = 2.5 T. At higher 
magnetic fields, the paramagnetic moments polarize into a magnetic field induced ferromagnetic phase 
(FM) at Hm = 5.5 T [1]. To understand the critical behavior of electrons at the transition, we have studied 
the local dependence of the electronic properties using very low temperature Scanning Tunneling 
Microscopy and Spectroscopy. We show large topographic images with atomic resolution, in which we 
identify the Rh distributed randomly. We discuss the magnetic field dependence of the electronic density 
of states. 
 
In addition, we have moved a dilution refrigerator cryostat with a 17 T magnet to new premises. We 
briefly describe the experimental arrangement in the new premises and show first tunneling 
spectroscopy experiments in superconducting aluminum. We also use new electronics build at 
Segainvex and show the efforts to improve filtering of the cryostat and reduce the temperature of the 
experiments to state of the art values. 
 
[1] D. Aoki et al., J. Phys. Soc. Jpn. 81, 034711 (2012) 
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The physical properties at low temperatures in crystalline and amorphous solids are clearly different [1]. 
For the heat capacity case, the crystal presents a cubic dependence with temperature (Debye theory), 
whereas in the amorphous or glassy state below 1 K a linear-term contribution dominates, which is 
associated to the existence of two-level tunneling systems (TTLS). Above 1 K, there are still other 
contributions to specific heat in excess to the one foreseen by the Debye theory, which produce a broad 
maximum in the Debye-reduced specific heat CP/T3 [2, 3].  
 
In the last decades, another group of materials exhibiting glass-like properties is that of crystals with 
positional order but orientational disorder [4].  
 
In this work, we present the specific heat of different kinds of disordered solids, measured above 1.8K.  
The halomethanes system presents at low temperatures a stable crystalline phase. However, the 
existence of an occupational disorder of the different halogen atoms in the crystalline lattice appears to 
produce a clear glassy behavior in the specific heat of the three crystals below 10 K [5]. 
On the other the hand, for the toluene case both crystalline and glassy states can be achieved, though 
2% mol of ethanol doping for avoiding crystallization. In its crystalline phase, toluene exhibits the usual 
crystalline behavior. Nevertheless, in the glassy state toluene does not show the full glassy behavior [6]. 
 
[1] S. R. Elliott, Physics of Amorphous Materials, 2nd. Ed. (Longman, 1990). 
[2] W. A. Phillips (ed.), Amorphous Solids: Low-Temperature Properties (Springer, 1981). 
[3] P. Esquinazi (ed.), Tunneling Systems in Amorphous and Crystalline Solids (Springer, 1998). 
[4] J. N. Sherwood, The Plastically Crystalline State (Wiley, New York, 1979). 
[5] M. Moratalla, J. F. Gebbia, M. A. Ramos, L. C. Pardo, S. Mukhopadhyay, S. Rudic, F. Fernández- Alonso, F. 
J. Bermejo, J. Ll. Tamarit, Phys. Rev. B, 99, 024301 (2019). 
[6] M. Moratalla, P. Bejarano, J. M. Castilla, M. A. Ramos, Low Themp. Phys. 45, 331 (2019). 
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Optical coherence tomography (OCT) is a high-resolution optical imaging technique raised as an 
alternative to conventional cardiovascular diagnosis procedures (ultrasound, angiography…). 
Nowadays OCT is used as a minimally invasive technique for in vivo identification and assessment of 
atherosclerotic plaques as well as for the guidance of interventional procedures such as atherectomy and 
stent placements [1, 2]. Despite its high resolution, the use of contrast agents is needed due to the lack 
of molecular-scale information available in OCT images. An innovative strategy to improve the OCT 
contrast up to the molecular level consists in the use nanoparticles that enhance the images contrast and, 
at the same time, can be properly functionalized with antibodies to target specific proteins. In particular, 
proteins overexpressed by tissues or cells undergoing inflammatory processes are of great importance 
since they are characteristic of the first stages of the development of atherosclerotic plaques [3].  
In this work, gold nanoparticles with a core (silica) – shell (gold) structure, commonly denoted as Gold 
Nanoshells (GNSs), are proposed as OCT contrast agents. These nanoparticles are particularly suitable 
for cardiovascular OCT imaging thanks to their large backscattering cross section at the cardiovascular 
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Figure 1. Left: extract of the OCT images of HMEC (Human Mammary Epithelial Cells) cell cultures for 
healthy and inflamed cells incubated with non-functionalized (GNSs@PEG) and functionalized 

(GNSs@aICAM) gold nanoparticles. Right: Total normalized OCT intensity of the images on the left. 
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OCT work wavelength (1300nm) [4]. Their optical properties are analyzed and the viability as contrast 
agents is investigated by studying the specific adhesion of GNSs to inflamed endothelial human cells 
trough modifications in the scattered intensity given by these contrast agents. It is observed that specific 
adhesion of GNSs can be achieved under static conditions when they are functionalized with proper 
antibodies (anti-ICAM-1). This specific adhesion is clearly manifested as an increase in the OCT 
intensity signal as   well as in the optical microscopic images. Therefore, the present study represents a 
relevant step towards the use of contrast agents to target inflammation in the first stages of 
atherosclerosis by OCT.  

[1] H. Yabushita et al., Circulation 106 1640 (2002) 
[2] B. E. Bouma et al., Heart 89 317 (2003). 
[3] P. Libby et al., Circulation 105 1135 (2002). 
[4] J. Hu et al., Journal of Biophotonics 10 674 (2017). 
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Optical cooling or refrigeration is a process present in rare-earth doped crystals. It consist on an anti-
Stokes laser-induced emission in which the rare-earth ions absorb optical-phonons from the host crystal 
lattice in order to produce a luminescent de-excitation. The result of this process is the cooling of the 
crystal and it has been experimentally demonstrated in ytterbium-doped systems [1-2] when excited at 
1020 nm. Figure.a shows the energy level diagram and cooling mechanism of the Yb3+ ions.  
In this work we present a birefringent hexagonal microdisk of NaYF4 doped with different 
concentrations of Yb3+ ions (5, 10 and 15%). When optically trapped with a focused laser beam at 1020 
nm, the Yb3+ ions are excited and the optical cooling process takes place [3]. Additionally, if the laser 
beam is circularly polarized, the rotation of the birefringent microspinner is induced [4]. Since the 
angular velocity of the microdisk is inversely proportional to the medium viscosity (heavy water in this 
experiment), which also depends on its temperature, if a temperature change is produced, the rotation 
dynamic of the microparticle will change. The reduction in the angular velocity value will indicate the 
relative temperature decrease in the surrounding medium, as depicted in Figure.b. 

 
Figure. (a) Angular frequency of a NaYF4: 5%Yb3+ microdisk optically trapped with a 1020 nm circularly 

polarized laser beam and the temperature changes in the surrounding medium as functions of the applied laser 
power. (b) Energy levels of Yb3+ ions inside a crystal, along with the anti-Stokes cooling mechanism. 

 
In conclusion, we observed that a spinning microparticle doped with Yb3+ ions can be used to decrease 
the temperature of a medium in a non-invasive way, by means of the optical trapping technique. This is 
the first approach of this type of experiments in a liquid medium and can be the first step for its 
application as a micro-cooler in local and controlled thermal treatments. 
 
[1] Y. Arita et al., Nature communications, 4, 2374 (2013). 
[2] G. Nemova, and R. Kashya, Journal of Luminescence, 164, 99-104 (2015). 
[3] X. Zhou et al., Advanced Materials, 28, 8658-8662 (2016) 
[4] P. Rodriguez-Sevilla et al., Advanced Optical Materials 6.12, 1800161 (2018) 
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The superconducting transition leads to a sharp resistance drop in a temperature interval that can be a 
small fraction of the critical temperature Tc. A superconductor exactly at Tc is thus very sensitive to all 
kinds of thermal perturbations, including the heat dissipated by the measurement current. Here we show 
that the interaction between electrical and thermal currents leads to a reactance at frequencies of order 
of tens of Hz at the resistive transition of single crystals of the layered material 2H-NbSe2. We obtain 
the bolometric parameters of layered 2H-NbSe2 and show that it can be used as a sensitive detector. We 
find that understanding the resistive transition requires taking into account the electric and thermal 
environment of the sample. By measuring the reactance under magnetic fields and at high currents, we 
obtain the heat generated by out of equilibrium quasiparticles. 
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Two-dimensional (2D) materials unique properties and their promising applications to post-silicon 
microelectronics have attracted many scientific researchers in the past decade. Recently, ferromagnetic 
order with out of plane easy axis in a monolayer of CrI3 has been observed and reported, with a Curie 
temperature of 45 Kelvin [1]. We study, using density functional theory (DFT) calculations, how 
hydrogen and oxygen adsorption effect on structural, electronic and magnetic properties of CrI3 
monolayer. Our results show that however CrI3 monolayer structure remains almost unchanged by the 
adsorption of H atom but adsorption of oxygen completely distorts its structure. It has been found that 
the adsorption of H and O atoms significantly influences the electronic and magnetic properties of CrI3 
sheet. Notably, it was observed that H and O atoms the adsorption could remarkably enhance the 
ferromagnetism and Curie temperature (TC) of CrI3 sheet by 75% and 92% respectively. The outcome 
of this study provides an effective approach to manipulate the electronic and magnetic properties of 2D 
magnets towards spintronic application. 
 
 
 

[1] B. Huang et al., Nature 546, 270 (2017). 
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Quantum transport in semiconducting nanowires has been intensively studied during the last 
decade due to the rich underlying physics [1] as well as to prospects of potential applications 

in nanoelectronics and quantum technologies. Theoretical predictions that semiconductor 

nanowires with strong spin-orbit interaction and coupled to superconductors are a promising 

platform for the realization of topological superconductivity and Majorana fermions have 

provided a further boost to the field [2, 3]. 
 
 
In this work, we take the first steps towards studying such hybrid devices. In particular, we 

perform quantum transport measurements on devices based on individual InAs nanowires 

coupled to aluminum leads. We observe different regimes in the nanowire transport 
depending on the electron density, which is controlled electrostatically via two gate electrodes. 
In the weak coupling regime, for low electron densities, we observe a quantum dot that forms 

naturally in the nanowire. As the density increases, higher order co-tunneling processes 

appear giving rise to the Kondo effect at intermediate couplings. Finally, we discuss the 

subgap conductance of the wire in the different coupling regimes. 
 
 
[1] De Franceschi, S., Kouwenhoven, L., Schönenberger, C. & Wernsdorfer, W. Nature Nanotechnology. 5, 
703–711 (2010) 
[2] Fu, L. & Kane, C. L. Physical Review Letters. 100, (2008) 
[3] Leijnse, M. & Flensberg, K. Semiconductor Science and Technology. 27, 124003 (2012) 
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LixCoO2 (LCO) and related intercalation oxides are extensively used in Li-ion batteries as cathode 
materials [1]. Most of their relevant properties are related to compositional changes of LiCoO2. The 
stoichiometric LiCoO2 compound is insulating. Li removal creates a variety of structural and electronic 
phase transitions in the material, and notably a metal-insulator phase transition (MI-PT) at x=0.95, which 
has been interpreted as being either of Mott or of Anderson type [2]. Along the delithiation process, Li 
vacancies create holes in the t2g orbitals of the valence band of LixCoO2 and consequently Co4+ ions 
[3], which are in the low spin t2g5 configuration, by analogy to NaxCoO2 [4]. For x<0.75 there is a 
metallic phase. X-ray diffraction studies of LixCoO2 indicate a two-phase coexistence for 0.75 < x < 
0.95 related to the MI-PT [2]. Studying the changes of the electronic structure related to the delithiation 
process is a crucial step to understanding the origin of its electronic properties and in the midterm to 
improving performance and mitigating degradation in batteries. 

 
Figure 1. Fermi Surfaces corresponding to different delithiation states, showing the metallization of the sample.  

 
Epitaxial thin films of LCO of high structural quality were grown on Nb-doped SrTiO3(111) by pulsed 
laser deposition. The Li content was tuned following an in-situ delithiation process in UHV conditions. 
Angle-resolved photoemission spectroscopy (ARPES), X-ray Photoemission Spectroscopy (XPS) and 
X-Ray Absorption Spectroscopy (XAS) were performed for different Li compositions using synchrotron 
radiation. The results were complemented with Resonant Photoemission studies at the Co L absorption 
edge.  
 
We monitored the metallization process, which is related to an overall shift of the valence band main 
peak towards the Fermi level, accompanied by an increase of the density of states at the Fermi energy. 
The metallization is reflected in a change of the band topology near normal emission. Resonant 
Photoemission as a function of Li content in the Co L-edge shows a rich behavior in the valence band 
structure and highlights the changes in the band curvature. Changes in the spectral function shed light 
on the nature of the phase transition, which is also probed from simultaneous XAS spectra, sensitive to 
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Co unoccupied electronic states. The results will be interpreted based on the different theoretical 
descriptions of the phase transition and will be used to understand the origin of the metallic state.  
 
[1] L. Lu et al, J. of Power Sources. 226, 272 (2013) and ref. therein.  
[2] C.A. Marianetti et al, Nat. Mat. 3, 627 (2004); A. Milewska et al, Sol. State. Ion 263, 110 (2014)  
[3] M. Ménétrier et al, J. Mater. Chem. 9, 1135 (1999); T. Mizokawa et al, Phys. Rev. Lett 111, 056404 (2013)  
[4] J.T. Hertz et al, Phys. Rev. B 77, 07119 (2008)  
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Cooper pairs in superconductors are a natural source of non-local electron entanglement. We show that 
when the two electrons from a pair are split into different reservoirs, the heat flow between the reservoirs 
can be reverted. A Cooper pair splitter device thus becomes a quantum refrigerator. The process can be 
also used to define a non-local thermoelectric power generator. In both cases, the system can perform at 
high efficiencies. This is ultimately possible due to the quantum correlations of the entangled pair. Our 
proposal thus constitutes the first experimentally accessible proposal of an autonomous entanglement-
based quantum heat engine, able to optimally extract thermodynamic work from quantum many body 
states [1].  
 

Figure 1. Scheme of the Cooper pair splitter. Two quantum dots connect a superconductor with two normal 
leads. (a) Charge transport is due to Cooper pair splitting and elastic cotunneling processes. (b) The splitting of a 

Cooper pair may contribute to cooling one of the normal leads. 
 

[1] R. Sánchez, P. Burset and A. Levy Yeyati, Phys. Rev. B (Rapid Communications) 98, 241414 
(2018). 
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We present STM measurements at very high magnetic fields in the type II Weyl semimetal WTe2. WTe2 
presents a huge nonsaturating magnetoresistance (6 orders of magnitude between 0 T and 14 T at 4.2 
K). To understand the origin of this effect, which has been put in relation to possible topological 
properties in the bandstructure, we have performed detailed atomic scale tunneling density of states 
measurements as a function of the magnetic field. We follow topography, tunneling density of states 
and scattering behavior as a function of the magnetic field up to 14 T. We show that the overall 
bandstructure remains magnetic field independent, apart the formation of Landau levels, and that the 
magnetic field induces considerable variations in the electronic scattering processes.  
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Strong coupling of quantum emitters with confined electromagnetic modes of nanophotonic structures 
may be used to change optical, chemical and transport properties of materials, with significant 
theoretical effort invested towards a better understanding of this phenomenon. However, a full 
theoretical description of both matter and light is an extremely challenging task. Typical theoretical 
approaches simplify the description of the photonic environment by describing it as a single or few 
modes. While this approximation is accurate in some cases, it breaks down strongly in complex 
environments, such as within plasmonic nanocavities, and the electromagnetic environment must be 
fully taken into account. This requires the quantum description of a continuum of bosonic modes, a 
problem that is computationally hard. We here investigate a compromise where the quantum character 
of light is taken into account at modest computational cost. To do so, we focus on a quantum emitter 
that interacts with an arbitrary photonic spectral density and employ the cumulant or cluster expansion 
method [1-3] to the Heisenberg equations of motion up to first, second and third order. We benchmark 
the method by comparing with exact solutions for specific situations and show that it can accurately 
represent dynamics for many parameter ranges. 
 
[1] R. Kubo, J. Phys. Soc. Jpn. 17, 1100 (1962). 
[2] M. Kira and S. W. Koch, Phys. Rev. A 78, 022102 (2008). 
[3] M. Kira and S.W. Koch, Semiconductor Quantum Optics (Cambridge University 
Press, Cambridge, 2011). 
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Key features of viral capsids such as stability and their elastic behaviour were studied on three virions, 
parvovirus MVM (Minute Virus of Mice) and bacteriophages Φ29 and T4, for stating a dependence on 
the size of the virions and their infection mechanisms. Nanoindentation experiments performed on 
virions by AFM in buffer solution unveil the mechanical properties of the capsids. Moreover, single 
capsomers were removed in order to display their contribution to capsid stability and estimate their 
binding energy. 
 
The prolate icosahedral capsid of bacteriophage T4 (T=13, Q=20) is the most stable permitting to extract 
all pentons on the vertices of a facet without collapse. However, the pentons of Φ29 need to be stronger 
bound together as the structure of this virion is more compact (T=3, Q=5) and withstands a 3x greater 
internal pressure of 60atm counteracted with the high elasticity of its robust capsid. Hence, Φ29 
collapses when at least one or two pentamers are removed. The icosahedral capsid of MVM displays a 
pore on each vertex (S5 symmetry axis) for genome release and 22% of its genome is threatened to the 
inner wall of the capsid around S2 and S3. The interactions between these DNA segments and the capsid 
contribute to reinforce anisotropically its structure by providing greater stability and increasing locally 
the mechanical stiffness in the areas close to the DNA anchor spots. However, the regions around the 
pores in S5 remain free and flexible, so that the genome can be released through these channels and thus 
avoiding capsid disassembly for infection. Anisotropy was also reflected in the binding energies of 
capsomers. The trimers in S2 are the strongest bound together and the removal of a trimer triggers 
capsomere rearrangement to restore the initial configuration, which is the most energetically stable. S5 
is the most labile region permitting to remove three of the five trimers before collapse.  
 

 

Figure 1. Force-indentation curves (FIC) performed on the capsid for capsomer extraction 
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Unprecedented experimental advances in the field of ultracold atomic gases over the last two decades, 
has led to the study and control over pairing phenomena in two-component Fermi gases. Here, the 
interaction strength between atoms in two hyperfine “spin” states can be tuned at will via Feshbach 
resonances. Balanced Fermi mixtures in the degenerate regime already allowed the realisation of the 
crossover from a Bose-Einstein condensate (BEC) of tightly bound diatomic molecules to the Bardeen-
Cooper-Schrieffer (BCS) limit of condensed weakly-bound Cooper pairs [1]. At zero temperature, both 
limits, as well the crossover between them, can be described with the same pairing variational ground 
state. More recently, there has been an intense research on how pairing can be frustrated by mismatching 
the two spin Fermi surfaces, with a particular interest in the extremely imbalanced limit. Indeed, the 
realisation of Feshbach resonances in ultracold gases has renewed the interest in the behaviour of an 
impurity immersed in a quantum medium, such as an ideal Fermi gas. In this limit, the impurity can be 
dressed by quantum fluctuations of the medium, leading to a novel quasiparticle named polaron.  
 

 
Figure 1. Repulsive 𝐸  and attractive 𝐸  polaron branches in the energy spectrum of an impurity immersed in a 

Fermi sea as a function of the interaction parameter 1/𝑘 𝑎. The shaded area represents the continuum of 
molecular excitations, while the vertical lines indicate the region of strong interactions (from [4]). 

  
The attractive branch of a Fermi polaron has already been observed 10 years ago [2,3]. The metastable 
repulsive polaron branch, i.e. the metastable quasiparticle associated with repulsive interactions, have 
been predicted and later observed in 2012 [4,5]. The study of the repulsive side of a Feshbach resonance 
is experimentally challenging because the mixtures is intrinsically unstable against decay to the lower 
energy bound molecular state. In this poster, after explaining the main ideas of the BEC-BCS crossover, 
we analyse the properties of polaron quasi-particles in cold atom fermionic mixtures. We will describe 
the recent experimental results and the variational ansatz describing the dressing of the impurity by a 
single particle-hole excitation of the medium. 
 
[1] Ketterle and Zwierlein: arXiv:0801.2500 [cond-mat.other].  
[2] Schirotzek et al., Phys. Rev. Lett. 102, 230402 (2009). 
[3] Nascimbéne et al., Phys. Rev. Lett. 103, 170402 (2009). 
[4] Kohstall et al., Nature 485, 615 (2012).  
[5] Koschorreck et al., Nature 485, 619 (2012). 
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The sol-gel process is a generic route for the liquid to solid transformation of materials. We concentrate 
in this study in the processing of MoOx to achieve MoTe2-xSex films. The films have been prepared from 
a Mo isopropoxide solution in isopropanol and acid catalysis induced by HCl. Monocrystalline Si 
substrates after initial removal of native oxide in piranha solution were found to be ideal for the room 
temperature condensation of the sol after drop-casting. The condensation was enhanced by thermal 
annealing at 200ºC, 400ºC and 600ºC and the process was repeated 7 times. In-spite of an intrinsic 
roughness, the films could be characterized by spectroscopic ellipsometry. The simulation of the optical 
response suggests that the film behaves as MoO3. However, the structural characterization performed 
by XRD, suggests that the films are rather nanocrystalline. Moreover, the XAS characterization 
demonstrates the presence of an ankle typical of MoO3 and a depression characteristic of MoO2. 

 
Figure 1. XAS Spectrum of the K edge of the molybdenum of a sample annealed at 200ºC and reference of 

MoOx [1].  
 
To achieve MoTe2-xSex films the samples were reduced in H2 and exposed to the chalcogenides by 
ICSV technique [2]. The characterization of the films by RBS and XRD demonstrates the presence of 
the desired MoTe2-xSex, with an estimation of x of 0.55 according to the performed analyses. 
 
[1] T. Ressler, J. Wienold, R.E. Jentoft, T. Neisius. Journal of Catalysis, (120), 67-83, 2002. 
[2] O. de Melo. Journal of Materials Chemistry C, (6), 6799-6807, 2018. 
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Strong coupling, the hybridization between photons and excitons inside a cavity, is a promising quantum 
property which might have numerous applications in photonics (laser emission without threshold, light 
amplifiers…) and quantum computation (entangled single photons sources) [1]. The main difficulty to 
overcome is the matching the energies of optical modes and excitons because this would require a 
tunable cavity. STM tip-sample nanocavity might solve this problem. Firstly, Localized Surface 
Plasmon Resonances exist in the cavity, and can be studied by the luminescence that they produce upon 
radiative relaxation. Moreover, these optical modes can couple to quantum emitters, and the 
luminescence arising from the excitonic modes of single molecules grown over a dielectric layer can be 
observed and analyzed with a dedicated optical setup (Fig. 1, left panel) [2]. Secondly, the geometry of 
the cavity can be tuned in two ways: decreasing tip-sample distance and increasing bias voltage (Fig. 1, 
right panel), causing an increase of light intensity and a variation of spectral weight respectively. In this 
poster we show how the plasmonic luminescence of the nanocavity at the tunnel junction can be 
controlled with the tunneling parameters, as well as our attempts at finding single-molecule 
luminescence. While more work needs to be developed in order to enhance the thermal stability of 
adsorbed individual molecules, the tunability of the cavity plasmonic modes hold promise for the search 
of strong coupling effects in STM junctions. 
 

 

Figure 1. Left: Experimental set-up. Inelastic excitations of radiative plasmonic modes in the STM cavity 
generates photons in the far field that are collected and analyzed using an optical setup. Right: an increase of bias 

voltage causes an increase of the maximum energy of emitted photons of the plasmonic spectra (quantum cut-
off).  

 
[1] D. S. Dovzhenkoycol et al., Nanoscale 10 (8 2018), 3589-3605. 
[2] M- Pivetta et al., Surface Science Reports 65.5 (2010), 129-144. 
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Hybrid superconductor-semiconductor nanowire devices have attracted a great interest in recent years 
due to their potential quantum computing applications, e.g. as tunable elements in superconducting 
qubits (gatemons) or as a promising platform for the realization of topological conductivity. The 
fundamental physical effects underlying these systems is known as the superconducting proximity 
effect, whereby superconducting correlations are induced in a non-superconducting material in intimate 
contact with a superconductor. In this work, we have studied the transport properties of Josephson 
junctions based on individuals InAs nanowires contacted by Al leads. We have performed two- and 
four-probe transport measurements in order to assesses the sub-gap transport in these devices. By 
employing a global back gate, we are able to tune the nanowire from a low-density, Coulomb blockade-
dominated regime to an “open” regime at high densities, where the proximity effect is maximized. In 
this latter regime, we observe clear signatures of multiple Andreev reflections (MAR), as well as a zero-
bias conductance peak, which can be ascribed to the supercurrent that flows through the junction. 
Finally, we study the dependence of the sub-gap transport as a function of an external field. 
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The thermal emission of an object has been traditionally understood with the help of Planck’s law. 
However, this law, which is based on ray optics, fails to describe the thermal properties of objects with 

dimensions below the thermal wavelength (𝜆𝑡ℎ), which is around 10 microns at room temperature. In 
this work, we employ the recently developed thermal discrete dipole approximation (TDDA) approach 
to investigate theoretically the emission of subwavelength objects. [1] In particular, we have applied this 
method to compute the emission of a cube and a sphere made of silica (SiO2). We have shown that the 
emitted power of these objects can exceed the Planckian limit for certain frequencies when the size of 
the object is comparable to the thermal wavelength. For these sizes the total emitted power of these 
objects is close to, but it does not exceed the one emitted by a blackbody. In addition, we have shown 

that for sizes smaller than 𝜆𝑡ℎ the emitted power is proportional to the volume. This is clearly at variance 
with what we would expect for a larger object, where the total emitted power is proportional to its 
surface. 

 
 
[1] R. M. Abraham Ekeroth, A. García-Martín, and J. C. Cuevas, Thermal discrete dipole 
approximation for the description of thermal emission and radiative heat transfer of magneto-optical 
systems, Phys. Rev. B 95, 235428 (2017). 
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We consider electron transport in a two-dimensional electron gas (2DEG) through a magnetic barrier 
[1] with Rashba spin orbit interaction (RSOI) [2]. This interaction can be tuned through an electric field, 
and couples spin and momentum of an electron [3,4]. When the electron undergoes a circular motion in 
the region of the magnetic barrier, the electron spin follows the momentum direction due to the RSOI, 
allowing us to study spin-dependent transport by varying the magnetic field. 
Under certain conditions, the deflected electron trajectory due to the scattering and the circular motion 
makes a loop around the origin in momentum space, while travelling along their semiclassical 
trajectories, resulting in a geometric phase. We investigate the effect of the geometric phase on the 
transport. We also study the spin filtering properties of this system, and provide analytical solutions to 
the wavefunction in the middle region. 
 
 
 

 
Figure 1. Semiclassical sketch where incident electrons split in trajectories that have different spin orientations 

due to the RSOI and are curved due to the magnetic field. In the figure, α is the RSOI coupling constant, B is the 
magnetic field, and V is a background potential. 

 
 
 
 
[1] A. Matulis et al., Phys. Rev. Lett., 72, 1518 (1994) 
[2] M. Zarea et al., Phys. Rev. B, 72, 085342 (2005) 
[3] A. Manchon et al., Nature Mater 14, 871–882 (2015) 
[4] D. Bercioux. “Spin-dependent transport in nanoestructures” (thesis) (2005) 
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One of the most important healthcare challenges that society is nowadays facing is the design and 
development of cost-effective probes for multimodal bioimaging. These structures will be the basis of 
advanced new diagnosis tools that would benefit from the synergy between different imaging modalities. 
 
This work reports on the design and synthesis of new hybrid nanostructures combining both magnetic 
and fluorescent nanoparticles via polymeric encapsulation. Basic structural characterization reveals the 
success of the synthesis route here employed. Their potential use as multimodal contrast agents has been 
explored by performing near infrared (NIR), magnetic resonance imaging (MRI) and computed 
tomography (CT) in vivo imaging experiments. 
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High Resolution Atomic Force Microscopy is an experimental technique that provides images of 
molecular structures with atomic resolution. This enormous level of detail makes these devices 
extremely sensitive and, usually, the interpretation of the images obtained is a difficult task. In particular, 
images of water networks (dimers [1] and pentagons [2]) have been obtained; and these pictures 
apparently show the H-bonds between the water molecules, although what they actually are is still up to 
debate [3]. 
 
In order to answer this question, we have implemented a method that uses 
Density Functional Theory (DFT) calculations to obtain the relevant 
information of the system and thus simulate these AFM images [4,5]. Our 
results do resemble the experimental images and allow us to explain the 
mechanisms controlling the experimental contrast.   

 

Figure 1. Simulated (left) and real (right) AFM images of a chain of water 
pentagons. Our simulation is able to capture the contrast that appears on the 

experimental results and also shows the same hydrogen bonds.  
 
 
[1] Peng, J., Guo, J., Hapala, P. et al., Nat. Commun., 9, 122 (2018) 
[2] Shiotari, A., Sugimoto, Y., Nat. Commun., 8, 14313 (2017) 
[3] Andy Extance, Nature, 555:545–547, 2018. 
[4] M. Ellner, et al., Nano Letters 16, 1974 (2016). 
[5] M. Ellner, et al., ACS Nano 13, 786 (2019). 
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