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TNT2019 F o r e w o r d  
 
 
On behalf of the International and Technical Committees, we take great pleasure in welcoming you to San 
Sebastian (Spain) for the “Trends in NanoTechnology” International Conference (TNT2019). 
 
TNTconf series is celebrating its 20th anniversary with a high-level scientific program addressing key factors for 
the future of the Nanoscience and Nanotechnology community in Europe. 
 
TNT2019 is being held in large part due to the success of earlier TNT Nanotechnology Conferences. TNT events 
have demonstrated over the past 20 years that they are particularly effective in transmitting information and 
promoting interaction and new contacts among workers in this field. Furthermore, this event offers visitors, 
exhibitors and sponsors an ideal opportunity to interact with each other. 
 
This year, a “Graphene and 2DM” one-day Symposium will again be organized within TNT2019 in collaboration 
with ICN2 (Spain). 
 
We are indebted to the following Scientific Institutions, Companies and Government Agencies for their financial 
support: Phantoms Foundation, Consejo Superior de Investigaciones Científicas (CSIC), Donostia International 
Physics Center (DIPC), ACS Nano and Royal Society of Chemistry (RSC). 
 
We would also like to thank the following entities for their participation: Hiden Analytical. 
 
In addition, thanks must be given to the staff of all the organizing institutions whose hard work has helped 
planning this conference. 
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Surface-enhanced molecular spectroscopy relies on the effect of enhanced electromagnetic fields to boost the 
signal from electronic and vibrational molecular excitations. Through the years, techniques such as 
fluorescence, infrared absorption, or Raman scattering have taken advantage of plasmonic nanoantennas to 
achieve such a signal enhancing effect. As fabrication and chemical synthetic methods are standardly reaching 
atomic-scale configurations, for instance in plasmonic nanogaps, more sophisticated theoretical methods are 
needed to address the quantum nature of electronic states, or to account for the quantization of plasmonic 
fields. Here, we report the effect of strongly inhomogeneous fields, localized at the atomic scale, as in 
tunneling gaps or in nanoparticle-on-a-mirror (NPoM) configurations, to modify fluorescence in molecules, as 
well as selection rules in plasmon-enhanced Raman scattering [1]. The presence of "picocavities" in plasmonic 
gaps redefines the landscape of Raman molecular activit. By adopting ab-initio methods to obtain the 
electronic structure and vibrational fingerprints of organic molecules, the effect of these field inhomogeneities 
can be properly considered, providing an understanding of relevant spectral information, including strong 
coupling of molecular emitters, and molecular optomechanics. On the other hand, the quantization of 
plasmonic fields, following cavity-Quantum Electrodynamics (QED) methods [2], can be also considered to 
reveal the complex dynamics of molecular fluorescence from hybrid molecule-cavity polaritonic branches, or 
to trace the population of vibrations interacting with a plasmonic cavity, pumped by a detuned external laser 
field. Strong non-linear effects and correlations in the emission can be identified in both types of photon 
emission thanks to the quantum nanooptics framework [3]. The quantum regime in surface-enhanced 
molecular spectroscopy is currently at hand, and accurate quantum theories can reveal a new variety of 
phenomena with implications in the control of quantum molecular states, as well as in plasmon-induced 
chemical reactivity. 
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Figures 
 

 
 
Figure 1. Schematic representation of a plasmonic cavity where an optical resonance at energy ħpl produces an 

electromagnetic potential pl, which interacts at a coupling rate g, with an excitonic state of a molecule with energy ħeg, 

characterized by an electronic transition density eg. 
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After the initial excitement about graphene’s high performant and scientifically rich electronic properties, one 
of the most obnoxious roadblocks have been to pattern graphene on a small scale. In theory, nanostructuring 
of graphene opens for the electronic and photonic properties to be “programmed” to match specific 
applications or to bring out entirely new physics. In practice, even low levels of edge disorder and 
contamination associated with even the best lithographic processes, ruins the electronic properties. This has 
effectively shut down the hope of controlling transport at the quantum level, as well as trivially downscaling 
graphene electronic components to scales common for mainstream silicon electronics. I will discuss progress 
we have made in engineering the graphene edges[1,2], and focus on a recent example [3]. We show that by 
combining encapsulation in hexagonal boron nitride with high-density lithography, and carefully tuning the 
etching process, we are able to pattern graphene on the 10 nm scale (Fig. 1), and still preserve the detailed 
magnetotransport signatures predicted by tight-binding calculations. The surprising survival of the subtle 
moire-superlattice signatures associated with twisting of the crystalline interlayers opens for construction of 
circuits and components that exploit this emerging branch of solid-state physics. 
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Figure 1. By carefully etching holes in graphene through a protective encapsulation layer of hexagonal boron nitride (left), 
with a spacing of just 12 nanometers, the electronic band structure can be engineered in a deterministic way (right). 
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When passing an optical medium in the presence of a magnetic field, the polarization of light can be rotated 

either when reflected at the surface (Kerr effect) or when transmitted through the material (Faraday rotation). 

This phenomenon is known as a direct consequence of the optical Hall effect arising from the light-charge 

carrier interaction in solid state systems subjected to an external magnetic field, in analogy with the 

conventional Hall effect. The optical Hall effect has been explored in many thin films and also more recently 

in 2D materials. An alternative approach based on strain engineering is proposed here to achieve an optical 

Hall conductivity in graphene without magnetic field [1]. Indeed, strain induces lattice symmetry breaking and 

hence can result in a finite optical Hall conductivity as predicted by first-principles and tight-binding 

calculations.  

At p-n boundaries, graphene Dirac fermions behave as would photons encountering a negative index media, 

therefore experiencing a peculiar refraction known as Veselago lensing. However, the way Dirac fermions flow 

through a Veselago lens remains largely unexplored. Here, a novel approach to create a movable and highly 

tunable circular Veselago lens in graphene is proposed, based on the polarized tip of a scanning gate 

microscope and tight-binding simulations [2]. In particular, a high current density in the lens core, as well as 

two low current density points along transport axis, are evidenced, strongly depending on the p-n junction 

smoothness [2]. This research paves the way towards a deep understanding of Dirac fermions to engineer 

relativistic electron optical devices. 
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Topological insulators (TIs) are narrow–gap semiconductors characterized by the gapless Dirac-like surface 
state and protected by time-reversal (TR) symmetry. Two-dimensional TIs or quantum spin Hall insulators 
(QSHIs) are realized in thin film insulators and possess this state at the film edge where spin transport can be 
effectuated. Introduction of a magnetic field (external or internal) breaks TR symmetry and causes splitting 
of the topological surface state at the Dirac point thus making the surface insulating. These ferromagnetic TIs 
realize quantum anomalous Hall effect (QAHE) in two-dimensional systems. Internal magnetic field in TIs can 
be created in various ways, in particular, by introducing vacancies or carbon atoms [1], doping with 3d-
transition metal atoms [2], displaying magnetic semiconductors or organic overlayers as well as bulk 
materials on the surface of three- or two-dimensional TIs [3-5]. Magnetic field effect on the TI surface state 
(SS) can be also realized due to extension of the TI SS into the magnetic overlayer [6-9]. Antiferromagnetic 
TIs can realize such intriguing effects as magnetoelectric effect [10] and axion insulator phase [11]. Here I 
present and discuss recent results of the study of nonmagnetic, ferro-, and antiferro-magnetic topological 
insulators and heterostructures. 
New method for engineering of heterostructures that results systematically in a big splitting of the Dirac 
cone [6-9,12] is discussed and new perspectives for realizations of exotic topological phases are outlined. 
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Magnetic proximity effect is very often portrayed as a spin splitting induced in the energy levels of a non-
magnetic material because of its exchange interaction with an underlying magnetic material. The resulting 
spin splitting might lead to spin-dependent properties in the non-magnetic material. In this talk I will discuss 
a new class of magnetic proximity [1]  effect that is based on a spin dependent hybridization of the electronic 
states at the Fermi energy of a non-magnetic conductor with a flat spin-polarized band of a ferromagnetic 
insulator. In the case of a conducting non-magnetic 2D crystal, spin dependent hybridization with a 
ferromagnetic insulator can opens up a gap in one spin channel only, resulting in a half-metal. I will illustrate 
this effect in the case of Dirac electrons in monolayer graphene with the spin-polarized flat conduction band 
of a monolayer CrI3 [2]. I will show that an off-plane electric field controls the hybridization and I will discuss 
a very efficient spin valve based on hybridization proximity. 
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Metal oxide semiconductors are a good example as a success story in the area of thin film electronics, since it 
took less than 10 years after the discovery until the commercialization of the first products mainly in the area 
of displays. The main advantages of these materials are the low temperature processability, the high mobility 
and the uniformity over large areas, since they present an amorphous structure.  
Nevertheless to decrease costs associated to electronic devices a strategy is using cheap and abundant 
materials in conjunction with low cost fabrication methods, associated to an overall increase of electrical 
performance.  This is why metal oxide semiconductors are the key materials since they are chemically stable, 
mostly non-toxic and abundant materials, often manufactured by low cost methods, under ambient 
conditions. Consequently, devices made of metal oxides are inexpensive, very stable and environmentally safe, 
the 3 most important requirements for electronics. 
Despite being explored for more than a century for electronic applications, from the initial works of Badeker 
in 1907 with CdO to the cutting edge IGZO available these days in active matrix backplanes of flat panel 
displays, oxides still present an exceptional and innovative combination of properties not achievable by any 
other material class. In fact, they are true multifunctional materials, being able to exhibit optical transparency, 
conducting / semiconducting / insulating behaviour, piezoelectricity and catalytic or self-cleaning properties 
among many others. 
In this presentation we will review some of the most promising new technologies based on oxide conductors, 
semiconductors, dielectrics as well as electrochromic devices either in the form of nano-films or nanoparticles, 
and we will summarize the major milestones already achieved with this emerging and very promising 
technology focused on the work developed in our laboratory. 
By using these materials and technologies we are contributing to the evolution of environmentally conscious 
electronics that is able to add new electronic functionalities onto surfaces, which currently are not used in this 
manner. 
 

  
Figure 1. A comparison between a classroom and the new class of electronic materials based on metal oxides, by Prof. J. 
Wager from Oregon State University and the evolution of metal oxide materials. 

 
References 
[1] E. Fortunato, P. Barquinha, and R. Martins, "Oxide Semiconductor Thin-Film Transistors: A Review of 

Recent Advances," Advanced Materials, vol. 24, pp. 2945-2986, Jun 12 2012. 
[2] P. Barquinha, R. Martins, L. Pereira and E. Fortunato, Transparent Oxide Electronics: From Materials to 

Devices. West Sussex: Wiley & Sons (March 2012). ISBN 9780470683736. 

1st generation -  pre 2007 
Transparent conductive 

material (TCOs) 

2nd  generation 2007 - 2015 
Transparent devices 

(TFTs and solar cells) 

3rd  generation 2015 - 2020 
Transparent systems 

Real estate electronics 

Passive matrix LCDs 
Solar cells 

Transparent backplanes 
Display panels 

UV sensors & Imagers 

Transparent solar cells 
Transparent CMOS, ICs 

Transparent RFIDs, smart cards 

4th  generation – post 2021 
Multifunction devices 

More than Moore 

Smart displays 
Biosensors/Test diagnostics 

Integrated ubiquitous systems 

19



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

Control of Light at the Atomic Scale 
 

F. Javier García de Abajo1  
 
1 ICFO-Institut de Ciencies Fotoniques, Castelldefels (Barcelona), Spain 
2 ICREA-Institució Catalana de Reserca I Estudis Avançats, Barcelona, Spain 

javier.garciadeabajo@nanophotonics.es 

 
Plasmons in atomic-scale structures exhibit intrinsic quantum phenomena related to both the finite 
confinement that they undergo and the small number of electrons on which they are supported. Their 
interaction with two-level emitters is also evidencing strong quantum effects. In this talk we will discuss several 
salient features of plasmons in atomic-scale materials, such as graphene and atomic layers of noble metals. In 
particular, we will explore their ability to mediate ultrafast heat transfer [1], the generation of high harmonics 
[2], their interaction with molecules and quantum emitters [3], and their extreme nonlinearity down to the 
single-photon level [4]. We will further analyze intriguing details in the plasmonic response of atomically-thin 
crystalline films of silver, the plasmons of which have been recently revealed experimentally [5]. 
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Plasmonic structures are widely used in low-cost, label-free biosensors, and the investigation of how to 
improve their sensitivity or to widen their range of applications is a central topic in the field of plasmonics.[1,2] 
The most commonly used plasmonic sensors are based on the concept of surface plasmon resonance (SPR) 
and, in particular, on the sensitivity of these resonances to changes in the refractive index of the medium 
surrounding a metallic structure.  
In the search for an improved bulk sensitivity of SPR-based sensors, researchers have proposed different 
strategies. Thus, for instance, it has been shown that the use of the magneto-optical properties of layered 
systems containing magnetic materials can, in principle, enhance the sensitivity of these sensors.[3,4] Another 
possibility that is becoming increasingly popular is the use of nanohole arrays or perforated metallic 
membranes featuring arrays of subwavelength holes. [5,6] These sensors make use of the extraordinary 
optical transmission phenomenon, which originates from the resonant excitation of surface plasmons in these 
periodically patterned nanostructures. 
We present two case studies showing how the use of hybrid magnetoplasmonic systems comprising in one 
case 2D crystals using ferromagnetic and noble metals and in the other bare noble metal nanoparticles, lead 
to a notable enhancement of the sensing performance plasmonic sensors. In particular, we present perforated 
Au−Co−Au films with a periodic array of subwavelength holes as transducers in magneto-optical surface-
plasmon-resonance sensors and a random collection of Au nanoparticles supporting localized plasmon 
resonances deposited over a glass substrate, but using as transducer signal the measurements of the 
transverse magnetooptical Kerr effect (TMOKE). We demonstrate that this detection scheme results in (i) bulk 
figures of merit that are two orders of magnitude larger than those of any other type of plasmonic sensor [7], 
and an increase of ca. 300% in the refractive index sensing lowering at the same time the limit of detection in 
a ca. 200% [8]. The sensing strategy put forward here can make use of the different advantages of nanohole-
based plasmonic sensors such as miniaturization, multiplexing, and its combination with microfluidics. 
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Cold atoms in optical lattices and trapped ions have proved to be an exciting and fruitful playground to explore 
quantum many-body physics and serve as quantum registers. 
 
We explore the possibility to realize an analogous regular and tunable array of charge carriers in 
semiconductor structures. Wigner crystals in transition-metal dichalcogenides prove to be a promising 
platform to realize such structures. 
 
We characterize the requirements for the Wigner crystallization in this setting and for the appearance of 
quantum effects in the ground state of the system. We analyze which spin systems can be simulated in this 
setting and we propose optical methods for the read-out and manipulation of the quantum spin system. 
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Spurred by outstanding optical properties, metallic nanoparticles have attracted much attention in the 
photocatalysis-based research community. The interaction of metallic nanoparticles with light invokes 
localized surface plasmon resonance that through fast decay enhances near optical field, generates hot 
carriers, or rises local temperature, increasing the overall rate of a given chemical reaction. 
We present here the use of gold nanoparticles with multiple shapes and surface functionalizations (Pd, Pt) 
towards the photoregeneration of nicotinamide adenine dinucleotide, an essential biomolecule participating 
in light processes of natural photosynthesis [1-3]. The nanoparticle-based catalysts were either assembled in 
the form a plasmonic film on a glass substrate or combined with hydrogel microbeads as well as cellulose 
fibers, allowing thus their facile handling without altering optical properties. We found out that photocatalytic 
activities depend not only on the degree of the shape anisotropy but also on the spatial distribution of co-
catalyst on the photocatalyst surface. We will also resolve the mechanism of cofactor reduction in the 
presence of state-of-the-art electron donor molecules – triethanolamine - showing that its degradation 
products can alter energy flow, leading to a scenario unrelated to the photocatalytic mechanism in question 
but to the process driven by unexpectedly formed intermediates [4]. 
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In order to serve the industrial demand for “electronic-grade” 2D materials, we focus on developing chemical 
vapour deposition (CVD) processes, and in this talk I will review our recent progress in scalable CVD [1] and 
device integration approaches of highly crystalline graphene, hexagonal boron nitride (h-BN) and transition 
metal dichalcogenide films (using MOCVD of WS2 as example). The systematic use of in-situ metrology, ranging 
from high-pressure XPS to environmental electron microscopy, allows us to reveal some of the key growth 
mechanisms for these 2D materials that dictate crystal phase, micro-structure, defects, and heterogeneous 
integration control at industrially relevant conditions.  
h-BN not only is increasingly employed as support, encapsulant and barrier for 2D material technologies, but  
attracted recent interest as active material particularly for defect-induced sub-bandgap single photon 
emission at room temperature. We developed tailored CVD processes to achieve large monolayer h-BN 
domains with lateral sizes exceeding 1mm, coupled to application specific transfer methods [2]. We explore 
super-resolution imaging as means to h-BN layer characterization [3,4], and investigated approaches to control 
emitter stability/behavior and density/location for potential quantum applications. We also studied the role 
of less straightforward growth parameters such as dissolved species in the catalyst bulk, and here will highlight 
the significant effects of residual bulk oxygen in graphene and h-BN growth [5]. We show that such CVD 
graphene can sustain mobilities of 70000 cm2/Vs at RT even when initially wet-transferred [6]. We introduce 
the concept of solid catalysts for epitaxial growth of a semiconductor onto a 2D substrate, using the example 
of Ge growth on graphene or h-BN with an Au catalyst [7]. Free-standing graphene and h-BN membranes allow 
us to study such forms of epitaxy directly by ETEM. With ETEM we recently also discovered how a 2D layer 
forms on a liquid alloy droplet, and we discuss strategies to control the presence of such 2D surface phases, 
using it as a tool in designing strategies for nanostructure growth. 
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Complex topological configurations are a fertile area to explore novel emergent phenomena and exotic phases 

in Condensed-Matter Physics. The discovery of magnetic skyrmions one decade ago [1] have triggered a flurry 

of research on these particle-like nanometer-sized topologically protected spin textures, mostly motivated by 

their potential use in spintronic devices such as race track memories [2].  Since then, researchers have long 

wondered whether ferroelectrics may present topological textures akin to magnetic skyrmions and chiral 

bubbles. In this quest, the side by side advances in experimental growth and characterization techniques, and 

the development of new modelling tools are of paramount importance. In this respect, the emerging field of 

second-principles simulations [3-4], where an effective model is constructed by a judicious choice of the 

essential physics, and the parameters of the model are extracted by fitting to Density Functional Theory, are 

proving increasingly valuable in the study of large systems, overlapping in size with those that can be currently 

grown by atomic layer deposition methods. As a result of this continuous feedback between theory and 

experiment, the recent discovery of polarization vortices [5] and their associated complex-phase coexistence 

and response under applied fields in superlattices of (PbTiO3)n/(SrTiO3)n [6] suggests the presence of a 

complex, multi-dimensional system capable of emergent physical responses, such as a chirality [7]. In this talk, 

I shall describe the latest developments to create, tune, and characterize topological textures in ferroelectrics 

[8,9]. Polar structures with a well-defined topological charge and chirality will be presented. The stabilization 

of such non-uniform polarization topology results in highly enhanced susceptibilities, and also provides a 

pathway for engineering novel functionalities previously inaccessible, such as regions with negative 

capacitance [10]. 
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Techniques based on multiprobe scanning tunneling microscopy (MP-STM) allow determination of charge and 
spin transport in variety of systems supported on surfaces of solid materials. In classical 2- and 4-probe 
methods STM tips are navigated by scanning electron microscope or high-resolution optical microscope 
typically in micrometer scales down to hundreds of nanometers. These MP-STM methods are currently 
regarded as universal tools for in-situ characterization of mesoscopic transport phenomena [1,2].  
 
Such a mesoscopic experimental paradigm has recently been changed by downscaling of 2-probe STM 
experiments towards the atomic level [3,4]. In this case current source and drain probes are positioned in 
atomically defined locations with respect to the characterized nanosystems. These experiments rely on fully 
STM-based tip positioning protocol with probe-to-probe separation distances reaching tens of nm [3,4]. Such 
probe-to-probe lateral positioning precision is combined with pm vertical sensitivity in establishing probe-to-
system contacts. These two factors enable realization of two-probe scanning tunneling spectroscopy (2P-STS) 
experiments, where transport properties can be characterized by macroscopic probes kept in well-defined 
tunneling conditions [4].  
 
Here, on chosen examples, I will present application of 2P-STS methodology. First, I will show that 2P-STS can 

give information about quasi-ballistic (coherent) transport through one-dimensional * states of germanium 
dimer row wires [4]. Then, I will discuss 2P-STS methodology to probe quantum transport properties in a 
functional system: graphene nanoribbons (GNRs) epitaxially grown on the sidewalls of silicon carbide (SiC) 
mesa structures. These GNRs display ballistic transport channels with exceptionally long mean free paths and 
spin-polarized transport properties as proven by mesoscopic multiprobe transport experiments [5-7]. 
Interestingly, the nature of the ballistic channels remains an open question. I will show that 2P-STS 
experiments can give a new insight into quantum origin of these transport properties. Finally, I will discuss 
perspectives for broader application of multiprobe STM/STS. 
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Microcavities and nanoresonators are characterized by their modes, called quasinormal modes 

because of they are the eigensolution of non-Hermitian operators. In contrast to waveguide and free space 
modes, quasinormal modes are not well documented in the literature, although nanoresonances play an 
essential role in current developments in nanophotonics. The reason is due to mathematical difficulties, see 
details in the recent review article [1], and especially to the fact that quasinormal modes cannot be normalized 
by their energy.  

Quasinormal modes are characterized their quality factors Q and mode volumes V. While Q can be 
unambiguously defined and interpreted [1], there are still questions on V and in particular on its complex-
valued character, whose imaginary part is linked to the non-Hermitian nature of open systems. 
 
Mode Volume. The concept of complex V’s [Phys. Rev. Lett 110, 237401 (2013)] is recent. It seems to be rooted 
in important phenomena of light-matter interactions in non-Hermitian open systems [1]. For instance, the 
ratio Im(V)/Re(V) quantifies the spectral asymmetry of the mode contribution to the modification of the 
spontaneous emission rate of an emitter weakly coupled to a cavity. For strong coupling, it modifies the usual 
expression of the Rabi frequency by blurring and moving the boundary between the weak and strong coupling 
regimes. Despite these strong roots, complex V are often seen as a mathematical abstraction. 

Helped by cavity perturbation theory, see related earlier work in [2], and near field experimental data, 
we clarify the physics captured by the imaginary part of V and show how a mapping of the spatial distribution 
of both the real and imaginary parts can be directly inferred from perturbation measurements. This result 
shows that the mathematically abstract complex mode volume in fact is directly observable. 
 
 
Quasinormal mode expansion. The modal theory of optical resonators has recently achieved very important 
improvements, to such an extend that we may say future works we mostly on refinements rather than on 
fundamental developments. At the conference, we will show state of the art reconstruction of the field 
scattered by resonators in their quasinormal mode basis [4]. 
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The properties of nanomaterials are largely dependent on the size and morphology of nanoparticles, as well 
as on their organization within nanostructured materials. A large number of synthetic methods have been 
developed, which allow an exquisite degree of control over these parameters. One of the most important 
factors behind particle growth and interparticle interactions is the chemical composition of the nanoparticles’ 
surface, which often involves the presence of organic ligands, usually surfactants or polymers. These ligands 
can be used to protect specific crystallographic facets in nanocrystals, to facilitate binding to other molecules 
or surfaces, but also to direct the assembly of the nanoparticles into well-defined nanostructures. 
We describe an approach to regulate the surface charge on gold nanoparticles, using supramolecular 
chemistry. The strategy relies on the functionalization of AuNPs with negatively charged pyranines, which 
largely hamper their penetration in cells. Cellular uptake can be activated in situ through the addition of 
cationic covalent cages that specifically recognize the fluorescent pyranine dyes and counterbalance the 
negative charges. The high selectivity and reversibility of the host-guest recognition activates cellular uptake, 
even in protein-rich biological media, as well as its regulation by rational addition of either cage or pyranine. 
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In our laboratory we apply bio-inspired approaches for the design and fabrication of hybrid functional 
nanostructures and biomaterials. We use repeat proteins as building blocks to develop modular versatile 
platforms for the fabrication of multiple protein-based hybrid functional nanostructures and biomaterials for 
their use in different applications including molecular electronics, optical plasmonics, catalysis, and 
photoactive systems among others. We combine rational protein engineering, structural biology and 
biophysical approaches to generate and characterize functional nanostructures and materials. 
 
In addition, we develop new methodologies for the generation of versatile functional nanomaterials for 
biomedical applications including novel therapies, diagnosis and imaging approaches.  We pay special 
attention to functionalization with biomolecules and to the generation of final formulations with optimal 
properties including their biocompatibility and stability, selective drug release and targeting capabilities, for 
being used under clinically relevant conditions. 
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Figure 1. Biomolecular Nanotechnology: design of novel nanostructures and efficient nanomaterials. 
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Degenerate open-shell structures can undergo spin-flips when they are in contact with an electron reservoir 

giving rise to the Kondo effect. If the orbital structure is also degenerate, flips between different orbitals can be 

possible. This generally boosts the Kondo effect and changes the nature of the many-body ground state. When 

the degeneracy is lifted, inelastic effects can still connect the different state taking the extra energy from an 

applied bias. The consequence is that a new electron conduction channel opens when the applied bias matches 

the difference in energy between the non-degenerate levels. This has been shown for spins: lifting the spin 

degeneracy destroys the Kondo effect and two steps appear at positive and negative bias in the conductance. A 

similar effect takes place when the orbital degeneracy is lifted. Populating one level or another is like changing 

the sign of a pseudospin, also known as isospin. These orbitals show strong electronic correlations, because 

double occupancies lead to large charging energies. Hence, over the threshold to populate the higher-lying 

orbital, there is a competition to fill either orbital. This leads to a clear inelastic step in the conductance with 

orbital information. At positive bias a new channel is open that corresponds to a different orbital from the one 

at negative bias. This leads to spatially resolved steps in the conductance that are not symmetric with respect to 

bias. This isospin-flip inelastic effect has been recently observed in phthalocyanine molecules [1]. 
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Eigenstate multifractality is a distinctive feature of non-interacting disordered metals close to a metal-
insulator transition, whose properties are expected to extend to superconductivity. While multifractality in 
three dimensions (3D) only develops near the critical point for specific strong-disorder strengths, 
multifractality in quasi-two dimensional (2D) systems with spin-orbit coupling is expected to be observable 
even for weak disorder. Here we investigate the impact of multifractality on the superconducting state [1] of 
an intrinsic weakly disordered single-layer of NbSe2 by means of low-temperature scanning tunneling 
microscopy/spectroscopy (STM/STS) [2]. The superconducting gap, characterized by its width, depth and 
coherence peaks amplitude, shows characteristic spatial single-wavelength modulation nearly coincident with 
the periodicity of the quasiparticle interference pattern observed at the Fermi energy. Spatial inhomogeneity 
of the superconducting gap width, which is proportional to the local order parameter in the weak disorder 
regime, shows a characteristic log-normal statistical distribution as well as a power-law decay of the two-point 
correlation function, in agreement with our theoretical model. This novel state is universal and governs the 
properties of even weakly disordered 2D superconductors with spin-orbit coupling. This offers a novel 
platform to tune and ultimately control superconductivity in novel 2D quantum materials. 
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Figure 1. a. Sketch of the extent of the multifractal regime in the superconducting state in 3D and 2D. b. Spatial 
distribution of the superconducting order parameter in a 12 nm x 12 nm region of single-layer NbSe2. 
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The control of light–matter interactions at the nanoscale with precision is of fundamental importance for the 
development of advanced photonic devices and new photonic applications. Nanoporous anodic alumina (NAA) 
is an interesting base material for the fabrication of photonic structures. NAA is obtained by the 
electrochemical oxidation of aluminum that under specific conditions presents a self-ordered hexagonal pore 
distribution of parallel cylindrical nanopores [1-2]. The fabrication is cost-effective and fully scalable process 
compatible with conventional micro- and nanofabrication approaches.  
 
NAA has been used to fabricate photonic crystals with the aim to control the properties of light when the 
electromagnetic waves travel across the matter. The photonic crystals are periodic structures with a periodic 
variation of the refractive index. The periodicity of these structures defines regions of the spectrum where the 
propagation of light is forbidden (photonic stopbands). 
 
The fabrication of photonic structures (PSs) with multiple narrow photonic stopbands at different spectral 
positions (UV-Vis-NIR) remains a challenge These PSs can be obtained by averaging the sum of multiple 
sinusoidal waves into a single complex waveform, which is subsequently translated into anodization profiles 
to engineer the nanoporous structure of these PSs in depth. Each sinusoidal wave determines the spectral 
position and the reflectance amplitude of a forbidden photonic band or photonic stopband. Multiple-band 
NAA structures have interesting applications such as optical encoding tags [3], optical sensing [4], photonics 
[5] and photovoltaics. In this presentation, we present a comprehensive study of different photonic structures 
based on single and multiple periodic structures with sinusoidal profiles both in an overlapped and in a stacked 
configuration. We analyze different technological parameters and its effect on the structure and the 
stopbands. Finally, we will present some examples of sensing and optical encoding. 
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With technological advances allowing the fabrication of smaller and smaller components for electronic and 
optical processing it is important that we understand and embrace the possibilities of combining the use of 
quantum technologies in the nanosciences. In this talk I will present three recent results of my research group 
which showcase the possibilities of applying the concepts of Quantum Optics and Quantum Information in 
Nanophotonics, with particular emphasis in sensing and metrology applications. In particular I will show our 
recent efforts in using quantum metrology to perform measurements of the optical rotatory dispersion of 
chiral molecules, how photonic quantum states can be engineered to interact with structures smaller than the 
wavelength of light and to control the state of levitated nanoparticles. 
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The improvement of the performance of magnetic iron oxide nanoparticles in their different applications 
requires the design of more complex synthetic nanostructures, uniform in size and with morphologies 
different from the spherical one (Fig. 1). We critically analyze the synthesis routes for the production of 
uniform anisometric magnetite/maghemite nanoparticles with different morphologies like cubes, rods, disks, 
flowers and many others, such as hollow spheres, worms, stars or tetrapods, detecting the key parameters 
governing the production of these nanoparticles with particular emphasis in the role of the ligands in the final 
nanoparticle morphology [1]. The main structural and magnetic features as well as the nanotoxicity as a 
function of the nanoparticle morphology are also described. Finally, the impact of each morphology on the 
different biomedical applications (hyperthermia, magnetic resonance imaging and drug delivery) are analyzed 
in detail [2, 3]. 
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Figure 1. Magnetic iron oxide nanoparticles with different morphologies. 
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Graphene based electronic, photonic and sensor devices have attracted significant interests because of their 
outstanding properties. However, for commercialization of these devices the large volume production, i.e. 
wafer-scale processing, needs to be solved. While wafer scale growth of graphene and related 2D materials 
has been demonstrated by means of chemical vapor deposition or similar methods, the transfer of such grown 
2D layers to target substrates still faces severe challenges related to contamination, mechanical stress and 
reproducibility. In addition, defining and controlling quality, yield and reproducibility of (opto-)electronic 
devices is at a very early stage.  
In this presentation I will discuss approaches, challenges and possible solutions for the wafer scale integration 
of graphene based electronic and photonic devices. The performance of such devices will be compared to chip 
scale production and the current limitations for yield, device to device variation and reproducibility will be 
discussed. 
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Figure 1. Possible integration scheme of graphene into a silicon CMOS platform at the back-end-of-the-line, as it could 
be used for graphene based Hall Sensors. 
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The concept of a Charge Density Wave (CDW), a periodic modulation of the electronic charge density of a 
crystal with a period longer than original periodicity of the underlying crystalline lattice, is widespread in 
condensed matter physics, particularly in the context of metals with low dimensional electronic character. The  
Peierls’ and Frölich’s picture of CDW originating from an instability of the 1D electron gas, followed by a 
periodic lattice distortion (PLD) and the development of a metal-insulator transition, was at the origin of the 
CDW concept, and provided a clear guideline to search for materials exhibiting it and for the interpretation of 
the experimental observations [1]. However, we know today that many of the CDW instabilities observed 
many materials are not due to a Peierls instability, but have other physical origins [2]. Nevertheless, the Peierls 
mechanism cannot be discarded a priori as the origin of the CDW and the PLD in a given material.  
 
In this talk, I will show how First-Principles calculations (within the formalism of Density Functional Theory – 
DFT) can help in sorting out the physical origin of the appearance of CDW in specific materials. I will show how 
the Peierls picture describes very accurately the observation of CDWs in the blue bronzes, by analyzing the 
Lindard response function computed from DFT [3]. However, for the layered transition metal dichalcogenides 
(TMDs), in which the CDW were observed long ago in layered 3D crystals, and which are currently the subject 
of renewed interest in their single- and few-layer 2D counterparts, our calculations show that the Peierls 
mechanism is not responsible for the appearance of the CDW. We analyze in detail the situation for several of 
these TMDs, like NbSe2 [4,5], TiSe2 [6] and TiTe2 [7]. 
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Graphene can spontaneously develop intrinsic paramagnetism. Crucial examples are the magnetization of zig-
zag edges in graphene, or the emergence of paramagnetism in open shell graphene nanostructures. I will show 
that graphene nanoribbons (GNR), fabricated with atomic precision on a metal surface exhibit fingerprints of 
pi-paramagnetism on a metal surface, which can be detected and spatially localized using low temperature 
scanning tunneling [1].   
 
Single electron spins emerge localized at certain zigzag sites of the carbon backbone. Their presence could be 
detected and mapped by spatially resolving the zero-energy resonance due to the Kondo effect (see figure 
below). We found that near-by spins are coupled into a singlet ground state and quantify their exchange 
interaction via singlet-triplet inelastic electron excitations. Theoretical simulations picture how electron 
correlations result in spin-polarized radical states with the experimentally observed spatial distributions. Extra 
hydrogen atoms bound to radical sites quench their magnetic moment and switch the spin of the 
nanostructure in half-integer amounts. 
 
I will also review other methods for activating magnetic ground states in graphene. The simplest one is to 
incorporate magnetic molecular species into a ribbon using on-surface synthesis routes (see included image 
of a Fe porphyrin contacted to chiral nanoribbons).  We prove that the molecular spin survives in the ribbon 
by using spin-excitation inelastic spectroscopy [2]. By proper selecting the position of the halogen 
functionalization, we fabricated linear GNR-FeTPP-GNR structures and performed electronic transport 
measurements [3], detecting spin-excitation fingerprints in transport mode.   
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Figure 2. Two chiral GNRs contacting a single Iron 
Porphyrin molecule [3] 
 

Figure 1. Single spin localization in a 
graphene nanostructure [1] 
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The development of atomic force microscopy (AFM) and scanning tunnelling microscopy (STM) with 
functionalized tips has allowed the visualization of molecules adsorbed on different surfaces with 
submolecular resolution. This advance, together with the possibility to induce on-surface chemical reactions, 
opens up exciting applications in chemistry and materials science.1  

In this talk, I will comment on how these breakthroughs in AFM/STM, in combination with organic synthesis, 
allowed us to obtain and characterize graphene-like nanostructures. In particular, I will discuss the synthesis 
and characterization of nanographenes such as cloverphenes (Fig 1A), dendripenes (Fig 1B)2 and kekulene (Fig 
1C). In addition, I will comment on the preparation of porous nanographenes (Fig 1D-E)3 by combining solution 
chemistry and on-surface synthesis, as well as large acenes (Fig 1F)4 and our first efforts towards the on-surface 
generation of cyclacenes (Fig 1G).5 
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Figure 1. Selected examples of graphene molecules described in this lecture. 
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Charge transport through molecular structures is interesting both scientifically and technologically. To date, 
DNA is the only type of polymer that transports significant currents over distances of more than a few 
nanometers in individual molecules. Nevertheless and in spite of large efforts to elucidate the charge 
transport mechanism through DNA a satisfying characterization and mechanistic description has not been 
provided yet. For molecular electronics, DNA derivatives are by far more promising than native DNA due to 
their improved charge-transport properties.  
In recent years we have invested great efforts to address the above issues. Measuring the charge transport 
in DNA was elusive due to great technical difficulties leading to various results. We recently devised an 
experiment in which double-stranded DNA is well positioned between metal electrodes. Electrical 
measurements give surprisingly high currents over 100 base-pairs (~30 nm) elevated from the surface. The 
temperature dependence indicates backbone-related band-like transport. 
In collaboration with the Kotlyar group, We were also able to synthesize and measure long (hundreds of 
nanometers) DNA–based derivatives that transport significant currents when deposited on hard substrates. 
Among the molecules, metal containing DNA, which is true metal-organic hybrid, a smooth and thin metal 
coated DNA and G-quadruplex DNA. 
Step by step we improve the synthesized constructs and the measurement methods of single DNA-based 
molecules. I will present new and surprising results on dsDNA molecules. I will present new DNA-based 
molecules and report on our measurements of their properties. 
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Figure 1. Calibri 10 
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Living systems can be envisioned as multicellular networks that maintain a continuous efficient flow of 

information within and between cells and with the surrounding environment. In pluricellular organisms, cell-

to-cell communication is crucial for the adaptation to a community environment, allowing the specialization 

into differentiated tissues and the preservation of homeostasis and correct function.  Mechanical and chemical 

signaling are effectively combined to regulate the transfer of information between cells.  During 

morphogenesis, dynamic adhesion mechanisms, together with the associated regulatory signaling pathways, 

define tissue differentiation and architecture. Mesenchymal cell condensation is a prevalent morphogenetic 

transition regulated by cell adhesion in which mesenchymal stem cells (MSCs) gather together forming 

intimate cell-to-cell contacts. In osteochondral development, condensation is concurrent to the formation of 

an extensive gap junctional communication network which provide intercellular and cell-matrix 

communication. Although previous studies have related gap junction intercellular communication (GJIC) with 

matrix-associated proteins, little is known about the way the environment modulates the formation of such a 

GJ communication network and its implications in tissue architecture and function. We have used 

nanopatterns of the cell adhesive arginine-glycine-aspartic acid (RGD) peptide to tailor local surface 

adhesiveness at the nanoscale and study their influence in the cell aggregation and the establishment of 

intercellular communication during mesenchymal condensation. 
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Three dimensional interconnected periodic networks made from plasmonic metals are interesting 
implementations of optical metamaterials that mold the flow of light in unusual ways. In particular, the 
templating of self-assembled polymer morphologies allows to access periodic lattice dimensions below 100 
nm for the creation of metamaterials with an optical response at visible wavelengths [1,2].  In these lattices, 
light couples into plasmon-polariton modes which propagate across the metamaterial, coupling out into 
optical modes on the other side.  Evidently, the in- and outcoupling at the metamaterial-surfaces play an 
important role in the photonic-plasmonic mode coupling. 
 
In this presentation, the role of terminating metasurfaces of 3D metamaterials is discussed.  Minute details of 
these surfaces can substantially modify the photonic-plasmonic mode coupling.  In particular these surfaces 
can break the bulk symmetry and lead to localized plasmonic surface modes that do not exist in the bulk [3]. 
The results of our study allow to better understand the optical behavior of self-assembled metamaterials and 
guides their design. 
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Figure 1. Interplay of metasurfaces and 3D metamaterials 
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The field of nanophononics is primarily concerned with manipulating light at the nanoscale. The key elements 
in this field are optical antennas [1], which represent the counterparts of radio and microwave antennas within 
the visible spectrum. These antennas are mostly built from metallic nanoparticles whose localized surface 
plasmon resonances enable the control of light fields in the sub-wavelength range. Currently, optical antennas 
are being studied for a wide range of applications such as optical communications, light harvesting, enhanced 
spectroscopies and sensing. 
In this contribution, we will focus on an alternative bottom-up self-assembly approach for the fabrication of 
optical antennas based on colloidal metallic nanoparticles: the DNA origami technique [2]. We will show how 
this method can outperform top-down fabricated optical antennas. In addition, we will also study how DNA 
origami based optical antennas can enhance fluorescence [3,4], direct emission [5], shift the apparent 
emission center [6] and be combined with graphene [7], natural light harvesting complexes [8] and 
lithographic structures [9].  
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Figure 1. (A) Sketch of an optical antena dimer structure composed of two gold nanoparticles self-assembled onto a 
rectangular DNA origami. The inset depicts a close-up of the NP gap where a single single Cy5 fluorophore is incorporated. 
(B) TEM images of the dimer structures (scale bar is 200 nm). (C) Combination of DNA origami structures (grey rectangles) 
with zero-mode waveguides (also termed nanoapertures).  
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Materials purely made up of non-magnetic atoms can display magnetic properties. One such example are 
aromatic hydrocarbon structures. Following Lieb´s theorem, if the number of atoms in each carbon sublattice 
is different, the molecular structure will hold a net spin. However, even in the absence of net spin, polyradicals 
can be generated on graphitic structures subject to particular edge topologies. In addition to the edge 
topologies, also the structure´s size determines the presence or absence of such radical states, whose 
corresponding spin, if present, is furthermore predicted to display a specific relative alignment. These 
interesting predictions are hard to verify because of the difficulty in the synthesis of appropriate nanographytic 
structures with atomic precision. In this respect, on-surface synthesis under vacuum conditions has appeared 
as an extremely promising approach. Making use of it, we have synthesized a variety of nanosized aromatic 
hydrocarbon structures with well-determined shapes and sizes, including graphene nanoribbons with 
different edge morphologies, widths and lengths. For the particular case of 5 atoms wide armchair graphene 
nanoribbons we describe, based on scanning tunneling microscopy and spectroscopy, combined with 
theoretical calculations, their electronic properties and the magnetism associated to its topologic end-states. 
 
 

Figures 
 

 
 
Figure 1. Size-dependent spin polarization of edge states in 5-aGNRs. (a) Stacked dI/dV point spectra along a 5-aGNR 
made up by (a) 8 and (b) 7 reactant molecules, as well as the corresponding calculated wave functions for the edge states, 
valence band and conduction band onset [(c) and (d)] appropriately labelled in upper and lower panels for 
correspondence.  
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Abstract 

 
 

Non-destructive tools providing elemental and chemical analysis at high resolution are necessary for 
life and material sciences. For example, electronics or glass industry needs in-lab tools for material 
processing and control (RRAM, FeRAM, smart materials, solar cells….). From the growth of interest for 
nanosciences, new tools have emerged to analyze matter at the nanoscale.  That is the reason why focused 
incident beams were developed and are nowadays available on many set-ups. Combination of multiple 
characterization studies has become a necessity to be able to elaborate more complex materials  and 
structures  with a high quality control level. However, on most equipments, analysis is made at some area on 
the sample that is very difficult to refind using another characterization technique, especially when working 
at a nanometric scale.  

 To overcome this difficulty, the coupling and alignment of various analysis techniques and tools at 
the same point on a sample at this scale is now a reality even if it is still a sensitive issue.  Among the recent 
progresses in this field, the coupling of near-field microscopy with other techniques has received great 
consideration. Because X-Ray spectroscopies are able to deliver very accurate chemical and strucutral 
information at the atomic scale, they were ideal candidates for this purpose. The idea of coupling both 
techniques emerged [1-4]. This lecture aims to give an overview of the most significant results that have 
been published since about ten years in this context. 
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Disorder has been considered a major drawback in any optical material design since the presence of 
uncontrolled scattering sources can spoil the intended performance of virtually any design. This fact is 
particularly evident in photonic crystals because the very existence of a photonic band structure relies on an 
exact translation invariance. However, disorder is not always as harming as one might expect. In particular, 
optical structures with correlated disorder can exhibit a rich variety of light transport regimes. 
 
In this contribution, we will discuss some of the results obtained in this field in the last years. Stealth 
hyperuniform (SHU) structures [1] have been shown to exhibit a well defined and substantially wide photonic 
gap despite being disordered [2]. Furthermore, this behavior is not exclusive of this particular kind of 
correlated disorder but appears in wider classes of correlated disordered photonic structures [3]. 
 
In the case of two dimensional SHU optical materials, it has been shown that several fundamentally different 
light transport regimes can emerge and be controlled depending on correlation degree, materials and 
wavelength [4]. These range from the purest transparency (stealthiness) to isotropic photonic bandgaps 
passing through regimes of light diffusion and strong Anderson localization. All of them are accessible in a 
relatively narrow wavelength span. 
 
It is particularly relevant to have designer rules for three dimensional optical materials showing Anderson 
localization. In this regard, we will discuss the strong numerical evidence found in correlated disordered three 
dimensional photonic networks [5].  
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Precision is a virtue in science in general and nanotechnology in particular where carefully fabricated 
nanometer-scale devices hold great promise in both classical and quantum regimes. Ground-state cooling or 
phonon amplification require, for example, a sideband resolved photon-phonon coupling where unavoidable 
imperfections often impose severe performance limits. However, imperfection and disorder are ubiquitous in 
Nature and emerge with a role particularly important in nanoscale devices.  
 
In this talk, I will explore the limits imposed by imperfection in different nanodevices, but not only. In certain 
cases, disorder may be invoked to enable new functionalities and can be exploited to enhance the light-matter 
interaction in different fields of nanotechnology such as quantum photonics [1], nonlinear photonics [2], 
phononics [2] and optomechanics [3]. 
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Nanostructuring graphene at the atomic scale is now possible by on-surface synthesis methods, which unite 
the sturdiness of covalently bonded networks with the easy tunability of molecular materials. These 
experimental advances have boosted the research attempts to create novel 0D, 1D and 2D carbon-based 
structures aimed at the development of new nanoelectronic or optoelectronic devices. However, before 
graphene nanostructures can be used in practical applications, an atomic level understanding and control of 
their properties is required. As such, ab-initio simulation has developed as an essential partner in the search 
of optimal graphene-based low dimensional materials. 
 
In this talk, I will present some studies of graphene nanostructures, in particular graphene nanoribbons (GNRs) 
and nanoporous graphene (NPG), that we have perfomed in collaboration with our experimental 
colleagues.[1,2,3] Using density-functional theory (DFT), we have investigated their structural, electronic and 
transport properties, with special focus on the role of chemical doping and the creation of pores in the carbon 
backbone. Our findings are compared with scanning tunneling microscopy/spectroscopy (STM/STS) and angle-
resolved photoemission (ARPES) data. Depending on the conformational details and the doping mechanism, 
various effects are observed and explained, such as electron confinement, energy gap modification, or 
semiconductor-to-metal transition.  
 

References 
 

[1] J. Hieulle et al., Nano Letters 18, 418 (2018). 
[2] E. Carbonell-Sanromà et al., Nano Letters 17, 50 (2017); J. Phys. Chem. C 122, 16092 (2018). 
[3] Moreno et al., Science 360, 199 (2018). 
 

Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Left panels: schematic representation (top) and STM image (bottom) of nanoporous graphene. Right panels: 
DFT wave functions of pore (top), transversal (middle) and longitudinal (bands). 
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We present an electrochemical sensor for the detection of ascorbic acid (AA) in sweat at ultralow potential. 
The sensor is based on gold electrodes modified by one-step electrodeposition of an alginate membrane 
where CuO nanoparticles are trapped. AA is a known reducing agent of nanostructured copper[1], and the 
effect is seen as a shift of the redox peaks to a positive voltage (Figure 1a). By measuring at nearly zero volts 
(-5 mV), the approaching of the reduction peak to this value can be detected as a growing negative current. 
We perform the detection of the relevant micromolar levels (Figure 1b) in neutral buffer as well as in artificial 
acidic sweat. The sensor does not show any cross-reactivity with typical species found in sweat such as lactic 
acid, glucose, urea, pyruvic acid, glutamic acid, and uric acid, showing an excellent specificity. As a 
nonenzymatic approach, the stability is not as compromised and the cost is reduced. Easy removal of alginate 
by a calcium-quelating buffer makes it possible to reuse the electrodes with a different membrane 
composition on-demand[2]. Finally, the sensor is fabricated on Kapton foils, an appropriate material for the 
construction of flexible sensors[3] that enables future integration on wearable devices for monitoring of sweat 
parameters and nutrient loss. 
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Figure 1. Ascorbic acid sensing with alginate/CuO-modified electrodes. (a) Effect of the ascorbic acid on the cyclic 
voltammogram of the sensor. Inset shows the composition of the membrane. (b) Calibration. Inset shows amperometric 
response at -5 mV. 

a

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0  Buffer

 37M ascorbic acid

I 
(

A
)

E (V) vs. Au pseudo-ref.

0 20 40 60 80 100 120 140

0.00

0.05

0.10


I 
(

A
)

Ascorbic acid (M)

0 10 20 30 40 50 60

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

I 
(

A
)

Time (s)

125 µM

0 µM

b

Working electrode

CuO
Alginate

Ca2+

E = -5 mV

50



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

Infrared hyperbolic metasurface  
based on nanostructured van der Waals materials  
 

Peining Li 
 
1 CIC nanoGUNE, 20018 Donostia–San Sebastián, Spain, 
 

p.li@nanogune.eu 

 
Hyperbolic metasurfaces with strongly anisotropic optical properties supports deep subwavelength-scale 
confined surface polaritons, which present a hyperbolic dispersion [1,2]. They could extremely enhance light-
matter interaction at mid-infrared and terahertz frequencies (corresponding to energies of molecular 
vibrations, and thermal emission and absorption) for photonic and thermal applications, such as heat 
management, chemical sensing and deep subwavelength imaging [2]. However, hyperbolic metasurfaces 
working at these frequencies have not been developed yet due to the required challenging fabrication.  
 
In this work, we realize the first mid-infrared hyperbolic metasurface by nanostructuring a thin layer of 
hexagonal boron nitride —a prototypical van der Waals (vdW) polar material, which supports mid-infrared 
phonon polaritons with strong electromagnetic field confinement, ultraslow group velocities and long 
lifetimes [3,4]. We used scattering-type scanning near-field optical microscopy to directly observe  phonon 
polaritons emerging from the hot spot at the extremity of an infrared antenna and propagating through the 
metasurface with in-plane hyperbolic dispersion (Figure 1), which assembles the concave (anomalous) 
wavefronts of a diverging polariton beam (Figure 1.C). These results show that near-field microscopy can be 
applied to reveal the exotic wavefronts of polaritons in anisotropic materials, and demonstrate that 
nanostructured vdW materials can form a highly variable and compact platform for hyperbolic infrared 
metasurface devices and circuits [5]. 
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Figure 1. (A) Schematic of the experiment. (B) Topography image. The lines illustrate wavefronts of phonon 

polaritons on the hyperbolic metasurface (yellow and black) or phonon polaritons on the unpatterned flake 

(yellow and blue). (C) Near-field optical image. It clearly reveals concave wavefronts of phonon polaritons 

emerging from the rod’s upper extremity. 
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Organic nanoporous networks grown on (111) noble metal surfaces are highly successful model systems to 
study scattering electron phenomena. On such surfaces, the 2D molecular scaffolds are able to confine the 
surface state electrons and are commonly named “quantum dot arrays” [1-5]. The resulting confined states 
result in sizable energy shifts of the Shockley states and the formation of shallow bands, as a results from the 
repulsive scattering at the molecular walls and partial quantum confinement within each pore [1-5]. 
 
We have studied 6 extended 2D nanoporous networks grown on noble metal surfaces which yield single 
domain structures. Our findings show that depending on the geometry and building units it is possible to tune 
the energy shifts in opposite directions (towards and away from the Fermi energy), independently of the 
substrate. The nature of this effect is related to metal-organic overlayer-substrate interactions in the form of 
adatom-surface state hybridizations. The electronic structure in all cases is determined by two state-of-the-
art, highly complementary techniques (STM and ARPES), and supported by first principles and model 
calculations.  
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Figure 1. STM topographies and corresponding band structure of six different single domain nanoporous networks that 
give rise to quantum dot arrays. The fundamental energy of the bands can either shift towards the Fermi energy or away 
from it, even if in all cases there is evidence of electronic confinement. 
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In this work, we calculate the optical forces [1] and torques caused by the presence of a sizeable magneto-
optical effect [2]. We find a conservative force proportional to the gradient of the spin density of the light field 
and an extinction force proportional to the helicity of the light field. The conservative interaction allows for a 
spin-selective, magnetic field based Stern-Gerlach experiment, capable of differentiating between right and 
left circular polarizations. We also prove that by using a spin-less linearly polarized plane wave, the magneto-
optical effect allows for the existence of a permanent non-reciprocal torque, proportional to the intensity of 
the light field [3]. 
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Graphene and carbon nanotubes are potentially sustainable materials able to replace metals (heat and 
electrical transport), indium tin oxide (displays) and if not recycled, simply burned away avoiding hazardous 
wastes linked to metal disposal. According to IUPAC, Graphene is a single layer of hexagonally arranged carbon 
atoms. However, its definition gets fuzzy in research literature and even more in the industrial world.[1] It is 
thus quite important to fully characterize graphene and/or other carbon nanoforms in order to be able to 
correctly assess its performances / interest. I will describe surfactant-free, aqueous, dispersions of single layer 
graphene Eau de Graphene (EdG), in which hydroxyl ion adsorption stabilizes graphene sheets in water, [2-4] 
and on the associated spin-off company, Carbon Waters.[5] Information about thickness, lateral size and 
defect analysis of graphene in  EdG will be described. Recent works on adapting the EdG strategy to carbon 
nanotubes will also be described.[6] Finally, starting with a nanocarbon originating from biomethane, carbon 
nanopucks have been thoroughly characterized and used to prepare conducting nanocarbon inks,[7] 
conductive rubbers,[8,9] nanocarbon/iron nanoparticle composite electrocatalysts for fuel cell 
technology,[10,11] and microsupercapacitors, all of them might contribute to a cleaner tomorrow. 
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In the early 1900’s Fritz Ullmann first reported the synthesis of biaryls from aryl halides mediated by a fine 
copper powder1, demonstrating with this the aromatic nucleophilic substitution mediated by copper, now 
known as Ullmann condensation reaction. More than hundred years after, this reaction is routinely used in 
numerous industrial applications and, nowadays it becomes widely used for the synthesis on metal surfaces 
of atomically precise graphene nanoribbons2 
The next step to move toward device applications requires performing the synthesis directly on suitable 
substrates such as semiconducting, insulating or magnetic substrates. Whit in this context, in the present work 
we explore the Ullmann based synthesis of polymers on magnetic and insulating substrates. In particular we 
demonstrate the aryl homocoupling synthesis of 4,4-Dibromo (or diiodo)-p-terphenyl precursor into molecular 
poly-p-phenylene wires on the semiconductor TiO2 surface3 and on the bimetallic (and ferromagnetic) GdAu2 
surface alloy4 . Moreover, we propose a reaction pathway during the polymerization. To monitor the chemical 
reaction complementary microscopic and spectroscopic surface science techniques (, scanning tunneling 
microscopy, X-ray photoemission spectroscopy, angle-resolved Photoemission spectroscopy) are used.  

 

Figure 1– STM and ARPES experimental observations of Ullmann based Polymer synthesis on GdAu2 alloy 
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All particles consisting of an even number of fermions are boson-like, which bears a strong consequence: 
they must undergo Bose-Einstein condensation. 
 
We predict that, compared to elementary bosons, the interference pattern of two colliding BEC made of 
fermionic-atom dimers must have additional high frequency modes.  As these new modes are many-body in 
essence, previous experiments performed with two rather dilute condensates have only seen interferences 
ruled by the condensates' momentum difference, a result obtained by taking atoms as elementary bosons.  
The higher frequency modes we predict result from fermion exchanges between condensates, and thus 
constitute a striking signature of the dimer composite nature. We analytically derive the 2-coboson spatial 
correlation functions and use Shiva diagrams, specific to coboson many-body effects, to identify the physical 
origin of these high-frequency modes and determine the conditions to see them experimentally, using 
optical lattices. A dimer granularity appears because Pauli blocking prevents two dimers to occupy the same 
site. 
 
In the same way as the composite nature of semiconductor excitons has already revealed a breadth of 
remarkable effects, we anticipate cold-atom systems to provide a novel, fully controllable playground to 
investigate further in depth the very unique many-body effects that result from dimensionless fermion 
exchanges, i.e., exchange in the absence of fermion-fermion interaction. Recent optical lattices already 
reach densities high enough for these new many-body effects to be observable, including the signature 
predicted here. 
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In this talk a new field that classifies all topological crystalline phases of all known materials will be introduced: 
Topological Quantum Chemistry (TQC). It links the chemical and symmetry structure of a given material with 
its topological properties. This field tabulates the data of the 10398 real-space atomic limits of materials, and 
solves the compatibility relations of electronic bands in momentum space. A material that is not an atomic 
limit or whose bands do not satisfy the compatibility relations, is a topological insulator/semimetal. We use 
TQC to find the topological stoichiometric non-magnetic, ``high-quality'' materials in the world. We develop 
several code which can compute all characters of all symmetries at all high-symmetry points in the Brillouin 
Zone (BZ). Using TQC we then develop codes to check which materials are topological. Out of 26938 
stoichiometric materials in our filtered ICSD database, we find around 7300 topological materials. For the 
majority of the ̀ `high-quality'' topological materials, we compute: the topological class, the symmetry(ies) that 
protects the topological class, the representations at high symmetry points and the direct gap (for insulators), 
and the topological index. For topological semimetals we then compute whether the system becomes a 
topological insulator (whose index/class we compute) upon breaking symmetries - useful for experiments. Our 
exhaustive results show that a large proportion of all materials in nature are topological. I will also explain an 
open-source code and end-user button on the Bilbao Crystallographic Server (http://www.cryst.ehu.es/cgi-
bin/cryst/programs/topological.pl) which checks the topology of any material and a new materials data base 
(https://www.topologicalquantumchemistry.com/).  
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Figure 1.  www.topologicalquantumchemistry.com, website for topological materials.  
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Abstract 
 
Graphene alone or in combination with other materials such as quantum dots or silicon have shown to provide 

enhanced performance in many applications. However, in order to integrate graphene in semiconductor 

devices in a cost-effective manner, it will require combining it with CMOS technology while processing the 

graphene into functional devices. Indeed, graphene has been monolithically integrated with CMOS 

technology.1  

The fabrication of graphene at an industrial scale will require to overcome numerous challenges such as wafer 

scale uniformity with a high charge carrier mobility, presence of metal contamination, etc. However, wafer 

scale device fabrication is also critical for a successful graphene integration. At present, there is no commercial 

foundry able to process graphene in order to produce graphene devices (GFETs). As a consequence, we have 

recently launched a platform to commercialise graphene-based field effect transistor (GFETs) and thus help 

customers to focus on their applications rather than wasting time on graphene processing. At the same time, 

taking the first steps into providing a graphene commercial foundry service. 

During this talk, I will cover current challenges related to wafer scale graphene growth, transfer and device 

fabrication.  
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Figure 1. Wafer scale graphene field effect transistors. 
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In topological materials, topological bands generate Hall-like conductivity and topologically protected edge 
states in zero magnetic field. By placing single layer graphene (SLG) on hexagonal boron nitride (h-BN), it is 
possible to transform SLG into a topological phase by varying their crystallographic alignment. Recent 
measurements of nonlocal resistances (Rnl)[1,2] in a narrow energy range focusing with the secondary Dirac 
point (SDP) [3] in SLG/h-BN superlattice Hall bars have been interpreted as arising due to the valley Hall effect 
and quantum valley Hall state. Here we report h-BN/SLG/h-BN Hall bars which have a negligible Rnl of SDPs, 
but at the main DP Rnl is reaching quantum-limit at 9 K. We investigate topological valley currents near the 
main Dirac point and also demonstrate nonlocal measurements over a distance of 15 µm indicating ballistic 
behavior. 
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Figure 1. From left to right, h-BN/SLG/h-BN device structure via optical micrograph, schematic illustration of a typical  
device, Longitudinal resistivity (ρxx) vs gate voltage (VTG − VD) in zero magnetic field at 9 K. Inset shows schematic 
illustrations of the local measurement setup, where L is the distance between the current path and voltage probes, and 
W is the device width 
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Graphene nanostructures have gained increasing attention due to their great potential for applications in
electronics, optoelectronics, spintronics, chemical sensing, thermoelectricity, etc. The synthesis of graphene
nanostructures  via  top-down  methods  such  as  exfoliation  and  chemical  reduction  present  well-known
disadvantages such as nonregular edge structures or uncontrollable sizes. In contrast, the bottom-up organic
synthesis  approach  has  emerged  as  a  powerful  tool  to  design  structurally  well-defined  nanographenes.
Among  them,  Nanoporous  Graphene  (NPG)  has  attracted  particular  interest  in  the  last  years  for  the
possibility  to  finely  tune  the  structural  properties  of  the  material  via  the  controlled  manipulation  of
nanopores in the basal plane. The possibility to control the density and structure of the pores represents
indeed a promising strategy to tune also the electrical and thermal transport in the material.  
In this work,  we focus on the thermal properties of NPG by studying the impact of the structural features of
the  material  and  of  the  chemical  doping.  In  particular,  by  means  of  classical  molecular  dynamics  we
investigate the vibrational properties at the microscopic level. The effect of structural disorder and chemical
doping on the density of states, the participation ratio, and the intrinsic character of the vibrational modes is
analyzed.  Finally,  the contribution of  each single mode to the overall  thermal  conductivity is  calculated,
highlighting the most effective vibrations responsible for heat transport in NPG.

References

[1] Moreno, César, et al. "Bottom-up synthesis of multifunctional nanoporous graphene." Science 360.6385
(2018): 199-203.

Figures

Figure 1.  (Left) Nanoporous Graphene sample with 24800 atoms. (Right) Vibrational Density of states of NPG.
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As an alternative to rigid particles, soft particles have an enormous potential for emulsion stabilization. In 
particular, they may serve as compatibilizers of immiscible fluids [1] and have a high degree of deformability, 
penetrability and stimuli responsive properties. However, for exploiting them in many practical applications 
it is essential to obtain a (still scarce) fundamental understanding of the interfacial properties as a function 
of the soft particle topology and its conformations under different conditions (temperature, pH, etc). In this 
contribution, we employ in-silico realistic protocols for the design of nanogels, microgels [2] and globular 
single-chain nanoparticles [3], as examples of soft polymeric objects. We present an intensive computational 
study of the conformations and the effect of the internal network structure of the former particles on the 
mixing properties of immiscible liquids [4]. We investigate the whole range of particle’s cross-linking degree 
and strength of the interfacial fluctuations. Comparisons are provided with respect to ideal regular network 
topologies (diamond-like) generally employed in the literature. In both cases, we include explicit solvent 
molecules and monomer-solvent excluded volume interactions. Contrary to previous studies where excluded 
volume was not considered [1], we find that homogeneous mixtures cannot be really formed inside the soft 
particle, independently of the interface strength and the network topology. Moreover, the solvent uptake is 
optimized for moderate cross-link densities (~20%), and more important, the specific network topology 
(disordered or regular) does not play a significant role on the solvents’ mixing inside the particle. The 
implications of such findings are discussed with respect to possible experimental synthesis routes that may 
attempt to tune the particle's internal structure. Finally, results for the solvent dynamics inside the particle 
and for particle diffusion along the interface are discussed. The particle exhibits striking hopping-like 
diffusion, suggesting an effective activated dynamics through cooperative rearrangement of the solvents. 
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The confinement of both molecular and macromolecular systems at nanometer length scales can lead to 
significant changes in observables such as glass transition temperature and melting point. Graphene-based 
materials are exceptional hosts to study confined polymers at the subnanometric scale due to the ability to 
control and tune their degree of oxidation and exfoliation and, therefore, to control the strength of the 
interaction between host and macromolecules [1]. In fact, poly(ethylene oxide) (PEO) is able to intercalate 
into the interlayer space of graphite oxide (GO) and to form extremely 2D confined monolayers of about 3.3 
Å with restricted mobility [2] and conformations [1, 3]. In this presentation, we will show our recent studies 
on the intercalation kinetics of linear and cyclic PEO into GO, in going from low molecular weight oligomers 
(crown ether case) to higher molecular weight polymers. In these studies we made use of the total absence 
of glass transition and melting of the intercalated PEO oligomers and polymers to monitor the evolution of 
the glass transition and melting of the non-intercalated material as a function of time. This unique property 
of the intercalated (and confined) phase in GO allowed us to quantify the composition of non-intercalated 
material. We first demonstrate that the enormous difference in the intercalation rate between cyclic and 
linear oligomers can be used as a method to selectively separate the cyclic molecules from the linear ones in 
the melt [4] or in solution [5]. Secondly, these differences in the intercalation rate become smaller with 
increasing molecular weight. By introducing fixed pillars into the GO structure that operate as physical 
barriers against the polymer diffusion, we demonstrate that it is possible to restrict the intercalation of cyclic 
PEO into graphite oxide, whilst allowing the linear analog to diffuse through the graphite oxide layers (Figure 
1). This important finding could be the basis for developing a method of purification of cyclic polymers. 
 

 
Figure 1. Melt intercalation of PEO into (A) pristine GO and (B) pillared GO. (a, b) Intercalation of linear chains driven by 
end-group diffusion and (c) main-chain diffusion (c). (d) Intercalation of cyclic PEO into GO driven only by main-chain 
diffusion. Intercalation of (e) linear and (f) cyclic PEO into a pillared GO, where it is predicted that intercalation of a 
linear chain is favored respect to that of a cyclic chain. 
 

References 
 
[1] F. Barroso-Bujans, F. Fernandez-Alonso, J.A. Pomposo, S. Cerveny, A. Alegría, J. Colmenero, ACS Macro 

Lett., 1 (2012) 550 
[2] F. Barroso-Bujans, S. Cerveny, Á. Alegría, J. Colmenero, Macromolecules, 46 (2013) 7932 
[3] F. Barroso-Bujans, F. Fernández-Alonso, S. Cerveny, S. Arrese-Igor, Á. Alegría, J. Colmenero, 

Macromolecules, 45 (2012) 3137 
[4] F. Barroso-Bujans, A. Alegria, Phys. Chem. Chem. Phys., 19 (2017) 18366  
[5] D. Ruiz, A. Alegria, F. Barroso-Bujans, Sep. Purif. Technol., 213 (2019) 142 

64



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

What will stop the exfoliation of MoS2 
 

Michal Bodík1  
Adriana Annušová1,2, Matej Jergel1, Eva Majková1,2 and Peter Šiffalovič1,2 

 
1 Institute of Physics, Slovak Academy of Sciences, Dúbravská cesta 9, 845 11 Bratislava, Slovakia 
2 Centre of Excellence for Advanced Materials Application, Dúbravská cesta 9, 845 11 Bratislava, Slovakia 

Michal.Bodik@savba.sk 

 
The liquid-phase exfoliation (LPE) is a technique with the potential for large scale production of 2D materials 
[1]. One of the promising 2D materials for applications in electronics, sensors, Li-ion batteries, and others is 
MoS2 [2]. In our contribution, we will present a limitation of the conventional LPE process. The oxidation 
depends on the initial concentration of MoS2 powder and the type of solution, in which the powder is 
dispersed. If the initial concentration of the MoS2 powder exceeds the critical value of approximately 
12 mg/ml, the oxidation of MoS2 towards MoOx nanoparticles occurs (Figure 1). In our presentation, we will 
discuss the fundamental limitation of the LPE process and analyze the generated MoOx nanoparticles. 
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Figure 1. The MoOx nanoparticles produced from 60 mg/ml of MoS2 in (from left) NMP, water, 45% ethanol in water. 
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In a typical experiment using a Scanning Tunneling Microscope (STM) for spectroscopy one measures the
electronic transport from the STM tip to the bulk substrate, having an adsorbed molecule or the substrate
surface itself  as  an intermediary  which is  intended to be characterized.  However,  the determination of
intrinsic  transport  properties from low dimensional  systems (1-D or  2-D)  requires  at  least  two in-plane
contacts, whose fabrication at nanoscale with high precision can be very challenging. Another possibility is
the use of multi-probe STM where more than one tip approach simultaneously the system under analysis
with atomic precision.

We introduce a methodology for the characterization of the in-plane electronic transport in atomic-scale
circuits  engineered  on  surface  with  a  two-probe  STM/spectroscopy.[1]  In  this  joint  theoretical  and
experimental  work,  we  take  as  a  proof  of  concept  the  anisotropic  Germanium  (001)  surface  and
demonstrate a quasi-one-dimensional coherent transport of hot electrons through the Germanium dimers in
the  surface.  Realistic  first-principles  calculations  using  Density  Functional  Theory  together  with  Non-
Equilibrium Green’s Function formalism [2, 3] of a four-terminal setup involving up to 5000 atoms were
carried  out  to  simulate  the  two-tip  experiment  on  the  semiconductor  surface.  Comparison  of  both
experimental  and  theoretical  results  confirm  a  quasi-ballistic  coherent  electronic  transport  through
unoccupied states of Germanium dimer wires on the surface.
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Optical spectra associated with excitons in the presence of a Fermi sea (FS) in bulk  or semiconductor 
quantum wells  have been a subject of great interest for decades. Depending on the doping concentration, 
the Coulomb interaction between the photocreated exciton and the FS electrons can lead to various exotic 
complexes that come from the dressing of the exciton by Fermi-sea excitations, in the form of FS electron-
hole pairs. At low doping, a bound state can emerge from the interaction of a trion and a FS hole, known as 
Suris tetron. [1,2] When the FS contains just one electron, this 4-particle complex reduces to the 
conventional X- trion because there is no other hole state for the FS hole to scatter into to possibly form a 
bound state with the trion through repeated interactions. 

Recently, we have developed a theory to study the exciton and its interaction with doped electrons in 
semiconductor quantum wells and found an interesting cross-over behavior of trion-hole complex and 
exciton polaron[3].  We show that an exciton-single-pair complex can exist by only keeping single electron-
hole pair excitations in the Fermi sea. This 4-body complex behaves like a Fermi-sea hole weakly bound to a 
trion for kF ax << 1, where kF is the Fermi wave-vector and ax the exciton Bohr radius. The oscillator strength 
of photo-absorption associated with this trion-hole bound state increases as kF increases. As kF continues to 
increase, the feature of trion-hole bound state becomes unrecognizable, while the exciton state dressed by 
scattered electron-hole pairs (which can be interpreted as an exciton-polaron) becomes more pronounced. 
The evolution of the excitation spectra of these 4-particle coupled states (one exciton and one Fermi-sea 
electron-hole pair) as kF increases reveals the cross-over from trion-hole resonance to exciton-polaron 
resonance, which is associated with the internal reconfiguration of the 4-body complex in the presence of 
the Fermi sea. 

The same theoretical formalism has been extended to double quantum wells under electric field and to 
monolayer transition-metal dichalgogenides (TMDs) with the addition of spin-valley effects and suitable 
quasi-2D dielectric screening . The comparison of our theretical  predictions with available experimental data 
(including reflance and photoluminecence pectra) will be presented.  
 
References 
 
[1] R. A. Suris, V.P. Kochereshko, G.V. Astakhov, D.R. Yakovlev, W. Ossau, J. Nurnberger, W. Faschinger, G. 

Landwehr, T. Wojtowicz, G. Karczewski, and J. Kossut, Phys. Stat. Sol. (b) 227(2), 343, (2001). 
[2] A. V. Koudinov, C. Kehl, A. V. Rodina, J. Geurts, D. Wolverson, and G. Karczewski, Phys. Rev. Lett.  112, 

147402 (2014). 
[3] Y. C. Chang, S. Shiau, M. Combescot, Phys. Rev. B 98, 235203 (2018) 

67



Orientation dependent Cu oxidation and anomalous 
Raman shift for the graphene-copper system

68



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

Nanoclays for industrial decontamination 
applications 

Del Hoyo Martínez, Carmen M.1  
 
Cortés Manjón, Alejandro2; Andringa Orozco, Auke3, León García, Beatriz4, García Alonso, María5, Guerra Díaz, 
Antonio F.6, Dos Santos Moraes, Carlos W.7, Aliste Allende, María8, de la Cruz Redondo, Luis J. 9, Hernández 
Sierra, Lorena10, Lozano García, Marina S.11 
1,2,3,4,5,6,7,8,9,10,11 Department of Inorganic Chemistry, Faculty of Chemistry Sciences, Plaza de la Merced, Salamanca, 
Spain 

hoyo@usal.es 

Abstract  
Removal of emerging contaminants is one of the most significant and difficult environmental problems to treat 
since many of these substances are of synthetic origin and a complex molecular structure, making them more 
stable and difficult to biodegrade. Drinking water is an increasingly scarce commodity, especially in the 
countries with the lowest human development index, where millions of people do not have any access to 
sources of clean water to meet their basic needs and often becomes vehicle diseases. That is why water 
pollution is an issue of vital importance to be solved. Sorption techniques produce high quality treated effluent 
and sorption processes have been investigated as a method of removing emerging contaminants wastewater.  
Our work has been to study the adsorption of different emerging contaminants from pharmaceutical and food 
industries by nanoclays, both natural and modifed ones. Results show a strong interaction between clays and 
the emerging contaminants because of the Van der Waals bonds between the organic substances and the 
adsorbent when the adsorption takes place.  
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Abstract 

We report on a novel implementation of the cryo-etching method, which enabled us to fabricate very low 
roughness hBN-encapsulated graphene nanoconstrictions with unprecedented control of the structure edges; 
the typical edge roughness is on the order of a few nanometers. We characterized the system by atomic force 
microscopy and used the measured parameters of the edge geometry in numerical simulations of the system 
conductance, which agree quantitatively with our low temperature transport measurements. The quality of 
our devices is confirmed by the observation of well-defined quantized 2e2/h conductance steps at zero 
magnetic field. To the best of our knowledge, till now, this observation is the clearest quantization in physically 
etched graphene nanoconstrictions.  
The proposed cryo-etching method is also scalable; we argue therefore that the success in the fabrication of 
such high quality simple systems and the scalability of the technique opens a novel promising possibility of 
producing more complex truly-ballistic devices based on graphene. 
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Figures 

Figure 1. Top left: Coloured tilted SEM image of encapsulated grapheneNC.         
Bottom left: AFM mage of encapsulated graphene NC.          Right: Conductance G (red line) and transconductance 
(dG/dWkF) versus WkF, where W is the width of the NC and kF is the Fermi wavenumber. Black arrows highlight the 
position of the plateaus of conductance G separated by 2e2/h. 
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Interfacial charge transfers and Coulomb interaction at the semiconductor heterostructures give rise to 
emergent phenomena, which are attractive for both fundamental and applied physics [1, 2]. In conventional 
epitaxially grown heterostructures, mostly based on III-V semiconductors, the Coulomb interaction of charge 
carriers is typically weak due to small exciton binding energy and strong screening effects. These conditions 
render a weak interlayer charge coupling even though the interface in this structure is clean and abrupt. As a 
result, the quantum phenomena were usually observed at cryogenic temperature, which severely limits their 
novel physics for pragmatic applications. Van der Waals heterostructures, which consist of two-dimensional 
layered materials components, have been emerging as promising candidates for studying quantum 
phenomena at high temperature owing to their strong Coulomb interaction and weak screening effects. The 
exciton binding energy in these heterostructures has been reported in the range of hundreds of meV, 
allowing to observing various quantum phenomena at much higher temperature, and even at room 
temperature [3]. In this presentation, we report observation of the room-temperature quantum interference 
and Coulomb drag in the multilayer WSe2 transistor via graphene contacts to its top and bottom layers 
separately. Central layers of WSe2 act as an insulating region with few-nanometer width, which separate the 
top and bottom conducting channels spatially and provide a strong Coulomb interaction between them, 
leading to observing large conductance oscillations at room temperature [4]. The gradual suppression of the 
oscillations with increasing applied magnetic field and/or injected current further confirms the quantum 
interference phenomenon. As the temperature decreases, the Coulomb drag effect is obviously represented 
in the system due to the extended thickness of the insulating region. We also report spin transports in these 
heterostructures at room temperature under external magnetic field. Our results open up a new opportunity 
for realization of advanced quantum electronics and spintronics operating at high temperature. 
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Magnetic nanoparticles are widely used in biomedical applications due to their nanometric size, properties, 
and versatility. The applications of magnetic nanoparticles in biomedicine are categorized into analytical and 
therapeutic applications. Analytically, magnetic nanoparticles are used as magnetic carriers in separation 
processes, biosensors for the detection of molecular recognition events, and as contrast agents for magnetic 
resonance imaging [1]. The main therapeutic uses are magnetic drug delivery (can be used to improve 
chemotherapy in cancer treatment delivering bioactive compounds into cells) and hyperthermia during cancer 
therapy where the local heating of tumor cells can be achieved by inserting magnetic nanoparticles and 
exposing them to AC fields [2]. 
 

In this work we present hollow magnetic nanotubes based on nanoporous anodic alumina. They are obtained 
by pulse electrochemical anodization performed in galvanostatic conditions (Fig. 1) [3,4]. Fabricated 
nanotubes present low size dispersity and their length can be tuned adjusting pulse anodization parameters. 
They become magnetic by the attachment of a reduced quantity of ferric nanoparticles (Fig. 2). The surface of 
the nanotubes can be conveniently functionalize to bind to specific biomolecules and the inner part of the 
nanotube can be used as a nanocontainer for the drugs to be locally delivered. 
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Figure 1. Current/voltage over time characteristic for 
galvanostatic pulse anodization. 

Figure 2. TEM image the anodic alumina 
nanotubes with magnetic nanoparticles 
attached.
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In this talk I will describe our recent advances in understanding graphene nanoribbons
(GNRs) as interesting building blocks for constructing electron quantum optics circuitry.
We  have  previously  shown  by  atomistic  simulations  that  two  crossed  GNRs  under
suitable conditions can operate as an electron beam splitter [1]. Here we extend this
work and combine this basic device to form more complex electronic networks. One
example is a Mach-Zehnder type interferometer and we determine the impact of  a
perpendicular magnetic field on its electronic transport properties.
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Figures

Figure 1. Electron beam splitting in devices of two crossed GNRs separated by a van der Waals-
distance of ~3.3 Å. (a) In a 90 degree crossing, electrons injected from electrode 1 are mostly
transmitted to electrode 2. (b) In a 60 degree intersection, the incoming electron from electrode
1 can be split with a near 50-50 probability into the outgoing electrodes 2 and 4, in analogy with
an optical beam splitter. Adapted from Ref. [1].
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Abstract  
The processes occurring during a thin film growth of two immiscible components are investigated by using  
proposed mathematical models [1, 2]. The proposed model is based on rate equations and includes the 
processes of adsorption, phase separation, surface segregation, surface and bulk diffusion. The mathematical 
descriptions of the processes of phase separation and surface segregation are based on the Cahn Hilliard 
equation and Gibbsian segregation model, respectively. The numerical calculations revealed that the growth 
rate, diffusion coefficient near the surface D0, the concentrations of thin film constituents, the solubilities of 
thin film components were the important factors determining the phase structure of the thin films. Moreover, 
the numerical results showed that the phase structure was related to the ratio of diffusion coefficient near 
the surface over the growth rate D0/Vad. The binary thin films tended to grow in a columnar manner when 
either the relatively high values of D0/Vad or the relatively low differences between the contents of both film 
constituents were used. The surface diffusion dominated during the growth of the columnar structures. The 
change from a columnar pattern to one containing globular nanoparticles could be achieved either by 
decreasing the value of D0/Vad, or by increasing the difference between the contents of the film components. 
The bulk diffusion was responsible for the formation of globular nanoparticles embedded in another phase. 
Same transition from a columnar pattern to one containing globular nanoparticles resulted from the increase 
in solubilities of both components. The influence of the surface segregation on the phase structure during a 
thin film growth was also analyzed. These modeling results were compared to the experimental data taken 
from literature where the C:Ni thin films were grown at different contents of Ni and substrate temperatures. 
The conclusions about the growth mechanisms of the thin films were drawn. This project has received funding 
from European Regional Development Fund (project No 01.2.2-LMT-K-718-01-0071) under grant agreement 
with the Research Council of Lithuania (LMTLT) . 
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Figures 

 
Figure 1. Influence of substrate temperature and thin film composition on phase structure 
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The field of Optomechanics has made impressive advances in the last decades, covering a broad range 
of applications going from ultrasensitive sensing to fundamental quantum studies. Particularly, the use of 
optomechanical devices for biosensing has acquired crescent interest in the last years. Optomechanics effects 
provide extraordinary sensitivity to motion, allowing the detection of mechanical modes of micro and 
nanostructures at very high frequencies, surpassing the GHz range. A very promising optomechanical platform 
for biosensing applications are semiconductor microdisks. These devices support a family of modes, the radial 
breathing modes (RBM), which present extremely high mechanical frequencies (> GHz) and low energy losses 
in liquids. These assets, together with their remarkably low masses (in the pg range), provide them with 
extremely low mass sensitivities and high speed, notably, while immersed in liquid [1]. In addition, 
semiconductor microdisks can be integrated in collective configurations, thus, improving their sensing 
efficiency while keeping their individual capabilities [2]. 

Here we show the first application of optomechanical devices as biological sensors. We have applied 
different individual and collective configurations of semiconductor microdisks (Fig. 1.a). We have developed a 
novel deposition method which allow us to precisely locate individual and alive bacteria in our sensors (Fig. 
1.b). By detecting changes in their mechanical and optical modes, microdisks are capable of determining the 
mechanical and optical properties of Staphylococcus Epidermidis bacteria (Fig. 1.c). 

References 
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Nanotechnology, 2015. 10, p. 810-817. 
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Figures 

 

Figure 1. a. Scanning electron microscopy (SEM) images of some of the microdisks sensors configurations tested. b. SEM 
images of optomechanical microdisks (R*T=10*0.32 m2) with Staphylococus Epidermis bacteria absorbed on them. c. 

Mechanical spectra showing the first RBM resonance of a microdisk (R=5 m and T=320 nm) without and with a 
Staphyloccoccus epidermis bacteria adsorbed on it. 
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Abstract  
 
Tungsten trioxide thin films have been extensively studied because of their potential application in 
electrochromic devices. The optical properties of these films can be changed in a reversible and persistent 
way under the influence of an applied voltage. Electrochromism refers to the reversible change of color of 
thin films due to a small change in the voltage. This is important for smart windows and display applications. 
  
Tungsten Oxide (WO3) is a transition metal oxide with wide range of applications from gas sensors to 
electrochromic devices (ECD). It is difficult to prepare nanostructured materials with sputtering method in 
which we developed a simple method to produce WO3 nano-structures by RF magnetron sputtering. WO3 
nano-walls prepared on 20 Ohm/square sputtered ITO thin films. ITO/WO3/1 M LiClO4/PC Electrolyte/ITO 
type ECD were prepared. ECD based on three different thicknesses of WO3 were prepared. Performance of 
the ECD devices were measured by transmittance measurements applying the +-3.2 V voltage to the devices. 
In general, it has been observed that the turn on/off time of the devices are a few seconds. The thickest, 600 
nm, WO3 device has shown % 66.7 optical transmittance change at 700 nm within 40 s at coloration, while 
the medium thickness (300nm) and thinner one (180nm) has shown %54 and %32 transmittance change, 
respectively. Also, gaso-chromic performances of the devices were also reviewed.   
 

Figure 

Figure 1. Electrochromic device performances of the WS2 films converted to WO3, device structure and nano-wall 
surface morphology. 
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The biomimicry of the natural microenvironment of tissues with engineered scaffolds remains one of the 
greatest challenges of tissue engineering. To overcome this, hydrogels are one of the most promising materials 
[1] due to their high water content, biocompatibility, and their ability to carry nanomaterials that grant them 
new and interesting properties. Specifically, incorporating polymer‐based piezoelectric or magnetoelectric 
materials into the hydrogel allows for the creation of new hybrid scaffolds for tissue engineering applications 
[2]. These are capable not only of controlling the scaffold externally, by the application of magnetic fields, but 
also of using these same magnetic fields to promote tissue regeneration through magnetic to mechanic to 
electrical conversion of the initial magnetic field, allowing for piezoelectric stimuli to be directly applied to the 
cells [3]. In this way, this work reports on the use of electrodynamic techniques to synthetize magnetoelectric 
polymer composites [4], the physical characterization of these composites, the loading of the hydrogels and 
the evaluation of the influence of such hybrid hydrogel microenvironments on biological response. 
Furthermore, the possibilities of adapting these hybrid materials for different tissues will also be explored. 
 
Acknowledgements: 
Portuguese Foundation for Science and Technology (FCT): UID/FIS/04650/2019, POCI-01-0145-FEDER-028237, 
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Carbon nanomaterials have recently attracted a great deal of attention in the semiconductor industry due to 

their unique electrical, optical, thermal, mechanical, and chemical properties. Thus, carbon nanomaterials 

have gained importance in biology for applications such as biosensors and drug delivery. There is a growing 

interest in the use of self-assembled bioorganic templates in the fabrication of such one-dimensional carbon 

nanostructures. 

The lipid 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) which is the main component of bacterial 

cell membranes is known to self-assemble into single-wall synthetic lipid nanotubes (LNTs) on polyelectrolyte-

functionalized surfaces.[1] We have demonstrated a high-throughput approach to transform these LNTs into 

surface attached carbon nanostructures through pyrolysis. First, biotin-tagged DOPE LNTs are formed from 

lipid blocks in inverted hexagonal phase adsorbed on polymer-coated surfaces upon application of shear force 

and cross-linked by chemical fixation.[2] Samples were dried and treated with high temperature under inert 

atmosphere to form connected carbon nanostructures. The created carbon nanostructures were 

characterized by transmission electron microscopy, atomic force microscopy and electrical measurements. 

The method is advantageous because the small size of LNTs enables the fabrication of surface attached mesh-

like nanostructures with a higher throughput without using expensive electron beam lithography. The 

approach can further be combined with single LNT patterning with a micromanipulator to create distinct 

patterns instead of random networks. 
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Figures 

 
Figure 1. TEM images of surface attached LNTs before (A) and after (B) pyrolysis under inert atmosphere.  

Scale bars are 500 nm.  
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Abstract  
 
2D MOFs constitute a new class of designer materials where the coexistence of Dirac electrons and flat bands 
can lead to rich physical phenomena and to the realization of quantum phases such as topological or quantum 
anomalous Hall insulators (1). If the metal adatom additionally bears a non-zero spin, one obtains a Magnetic 
Topological Insulator, where the Quantum Anomalous Hall effect can emerge. 
 
Following the concepts of coordination chemistry (2), based on a surface-assisted self-assembly of the metal 
and organic components, we have carried out synthesis of Iron-hexaiminotriphenylene (HITP) MOFs on 
Au(111) substrate and characterized their electronic structure using scanning tunnelling spectroscopy (STS).  
On the other hand, ab-initio calculations of the observed structures indicate the presence of strong 
ferromagnetic interactions that persist under the influence of the Au substrate, indicating that the interaction 
with the Au substrate stabilizes even further the FM state on Fe3(HITP)2. We relate such strong magnetic 
interactions to the formation of a radical spin at the ligand that mediate the inter-ionic interactions. 
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Figures 
 

 
 
Figure 1. a) STM topographic images of Fe3(HITP)2 synthesized on Au(111). Arrows in the inset indicate the unit cell of the 
honeycomb structure. b) dI/dV spectra acquired at Fe and ligand sites, as well as on the clean Au surface. C) Spin density 
calculated for Fe3(HITP)2 on Au(111). 
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Nowadays, there is an increasing number of bacteria resistant to a wide range of antibiotics. At the same 
time, the frequency of nosocomial infections is increasing. This is due to the environment in which, for 
example, patients are, but also due to medical devices. Bacteria have the ability to quickly settle all surfaces 
and survive on them incredibly long - even for years. Therefore, it is necessary to remove this problem 
quickly and efficiently. An effective and ecological solution is to develop new antibacterial materials based 
on hydrophobic carbon quantum dots (hCQDs) in polymer matrices. Such nanocomposites are working on 
the principle of photodynamic therapy (PDT), which is already a common part of many medical as well as 
cosmetic treatments. Mechanical, photophysical, chemical properties and biocompatibility (cytotoxicity, 
proliferation and hemolytic tests), were studied on all used materials. Gram-negative and Gram-positive 
bacteria were used to monitor the antibacterial effect. This material is useful in a variety of applications, 
such as antibacterial windows and other surfaces, catheters, fibers for antibacterial sutures on the body 
surface, and many others [1-2]. 
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Figure 1. The mechanism of action of the polymer nanocomposite. 

80



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

Hybrid BN/Au and BN/Pt nanoparticles 
development as promising catalysts  

 

Andrey Kovalskii1, Andrei Matveev1, Ilia Volkov1, Denis Leybo1, Anton Konopatsky1, Dmitry 
Shtansky1, Dmitri Golberg2 

1 National University of Science and Technology “MISiS”, Leninsky prospect 4, Moscow, 119049, Russian Federation, 
2Science and Engineering Faculty, Queensland University of Technology, 2nd George st., Brisbane, QLD 4000, Australia 

  Contact@E-mail: andreykovalskii@gmail.com 

 
 

INTRODUCTION 

h-BN nanostructures are in focus due to a rare combination of properties. This nanostructures are 
considered as the key components of the next generation of advanced catalysts. The question of present 
interest is the development of high yield approaches for synthesis of hybrid BN/Au and BN/Pt nanoparticles 
for promising catalysts.  

EXPERIMENTAL STUDY AND RESULTS  

Different strategies of CVD process were developed for obtaining a variety of BN nanoparticles. Spherical BN 

nanoparticles with an average external dimensions of 80-150 nm having hollow and solid cores and smooth 

and petalled surfaces were synthesized using precursors on the base of FeO, MgO, SnO, H3BO3 and B, various 

temperatures and flow rates of argon and ammonia. Changing the experimental conditions affects the 

particle morphology, oxygen content and the product yield. The particular mechanism for each particle 

morphology appearance was uncovered. 

BN nanoparticles composed of numerous curved nanosheets were utilized as a new catalyst support. BN/Au 

hybrid nanoparticles were synthesized by chemical deposition from gold chloride acid solution followed by 

reduction the metallic phase and also via CVD method. BN/Pt nanohybrids were obtained by chemical 

deposition from platinum hydrochloric acid solution followed by reduction in hydrogen flow at T=350°C. It 

was shown that metal nanoparticles are evenly distributed over the surface of ceramic particles and the size 

of metal particles does not exceed 10 nm. 

Catalytic properties of nanohybrids of BN/Au and BN/Pt systems were investigated for the reaction of 
carbon monoxide oxidation. Synthesized hybrid nanomaterials have pronounced catalytic properties in the 
ratio of carbon monoxide. The best result is shown for the catalyst BN/Pt - the beginning of the conversion 
process was observed at a temperature of about 150°C and the temperature of the total conversion of CO 
was 184°C. 
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Microscopic origin of the spin-orbit splitting of surface states (Rashba effect) is discussed based on ab initio 
calculations of the wave functions for realistic surfaces. The splitting is found to be primarily due to a spin-
orbit induced in-plane modification of the wave function, namely, to its effect on the nonrelativistic 
Hamiltonian [1].  
 
This calls for a microscopic approach to scattering of surface states from defects. Here, we present a wave-
functions based method for scattering on a non-magnetic linear defect at a surface with strong spin-orbit 
interaction [2]. A proof-of-principle calculation for a model crystal potential demonstrates how spin-selective 
reflection resonances arise in scattering of Rashba-split surface states by an atomic stripe, see figure. Spin-
filtering properties of such linear defects are analyzed within an envelope-function formalism for a perturbed 
surface based on the Rashba Hamiltonian. The continuous Rashba model provides an adequate picture and 
reveals the essential physics behind the scattering resonance. The spin-dependent reflection suggests a novel 
mechanism to manipulate spins on the nanoscale. 
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Figures 

                              
 
Figure 1. (a) Constant energy contours of Rashba split surface states showing incident, reflected, and transmitted waves. 
(b)  Finite-thickness slab with a linear defect in the topmost layer. (c) Supercell geometry: topmost layer with a repeated 
row of impurity atoms. (d) Transmission probability as a function of the angle of incidence for 𝐸 − 𝐸Γ̅ = 1.5, 0.7, and 0.4 
eV. Red and blue curves are for the incident wave in the inner and in the outer circles, respectively. The latter are seen 
to be fully reflected at a certain angle depending on the energy.  
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Shown here is a new and easy method to grow elongated and further more in thickness controllable 
CdSe/CdS core/shell nanoparticles. The particles hold a very high extinction coefficient in comparison 
to common core/shell structures. This made them perfect emitter materials (e.g. for display 
applications). 

The wurtzite shell is grown on top of a cubic crystal structured core. So an elongated growth is 
realized without the commonly used wurtzite structured core.[1] The presented synthesis is realized 
using a combination of coordinating surfactantes and non coordinating solvents as well as a two step 
heating method.  

Further studies determined the Cd to S ratio to be a main factor for the aspect ratio of the resulting 
particles. By now the aspect ratio can be tuned from spherical to 1:20 diameter to length, directly 
during the synthesis and not in post synthesis step.[2]  

More over these results can be way guiding for the synthesis of elongated, cadmium free systems, 
because most promising materials e.g. InP or ZnSe do not exist in a the hexagonal core structure. 

References: [1] L. Carbone et al., Nano Letters 7.10 (2007), S. 2942_2950 

[2] M.G. Bawendi et al., ACS Nano 10, 3, (2016), S. 3295-3301  
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Figure 1: XRD of cubic CdSe cores (left) and resulting hexagonal CdS 
shell on these cores (right.) 

83



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

Understanding the role of particle rigidity in 
nanoparticle-cellular interactions 
 

Aaron Lee1  
Dedy Septiadi1, Patricia Taladriz-Blanco1, Miguel Spuch-Calvar1, Liliane Ackermann1, Barbara Rothen-
Rutishauser1, Alke Petri-Fink1,2 
 
1 Adolphe Merkle Institute, University of Fribourg, Chemin des Verdiers 4, CH-1700 Fribourg, Switzerland.  
2 Chemistry Department, University of Fribourg, Chemin du Musée 9, CH-1700 Fribourg, Switzerland. 

aaron.lee@unifr.ch 

 
Engineered nanomaterials have garnered much interest in biomedical research due to their unique and 
tailorable properties which can facilitate spatially localised diagnostic and therapeutic effects. The interaction 
of medically relevant nanoparticles with biological systems is strongly influenced by a number of physico-
chemical properties such as size, shape and surface chemistry [1]. While the aforementioned properties have 
been the subject of much study, insufficient effort has been invested in understanding the role of mechanical 
properties on nanomaterial bio-interactions. There is emerging evidence that particle rigidity can play a 
substantial role in the in vivo biodistribution of nanoparticles as well as their internalisation by cell subtypes 
[2]. In order to understand how nanomechanical behaviour impacts the biological response, we have 
synthesised mechanically distinct polymer microgels to explore stiffness-dependent internalisation. We assess 
the role of particle rigidity in two distinct arenas: internalisation from suspension, and the removal of particles 
from a substrate. This approach allows us to interrogate the dynamics of particle internalisation in dissimilar, 
but physiologically relevant models. 
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The identification of microorganisms such bacteria, viruses and fungi, is a fundamental problem in analytical 
chemistry and biology. Mass spectrometers (MS) identify species by their molecular mass with extremely high 
sensitivity (~ Da). However, reduced dynamic range (up to MDa) that is below the mass of intact 
microorganisms, limits conventional MS. Nanomechanical resonators have demonstrated its capacity for 
measuring the mass of analytes with outstanding sensitivity and high dynamic rage[1,2].  
We present a mass and stiffness nanomechanical spectrometer that overcome the limitations of convencional 
MS. We developed a theory of the mechanical coupling between biological particles and resonant beams that 
predicts not only the mass but also the stiffness of the adsorbed particles by tracking the resonance frequency 
shifts of several vibration modes in real-time [3]. We measured gold nanoparticles, Escherichia coli and 
Staphylococcus epidermidis delivered by electrospray ionization to a microcantilever resonator placed in 
vacuum. The system is able to perfectly guide, soft-landing and focus the particles beam on the surface of the 
nanomechanical resonator. 
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Figures 

 
 
Figure 1. (a) Nanomechanical mass and stiffness spectrometer. (b) False color SEM image of an E. coli on a cantilever 
surface. (c) Dark field microscope picture of a cantilever after deposition of S. epidermidis. Insets show SEM images of 
the bacterial cells on the cantilever surface. (d) Relative frequency jumps of the first three flexural modes during an 
experiment.  
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Laser surface patterning techniques, such as the formation of Laser Induced Periodic Surface Structures 
(LIPSS), have demonstrated to provide versatility and reliability, constituting a possible method to obtain large 
processed surface areas in polymers [1]. The formation of LIPSS can be explained as the result of the 
interference between the incident and the surface-scattered waves, and a positive feedback process. This 
leads to the formation of structures with a spatial period close to the laser wavelength, i.e., in the 100 
nanometer length-scale, and aligned parallel to the polarization of the laser beam [1,2].  
 
In this work, we report the formation of LIPSS on free-standing films of poly(ethylene terephthalate) (PET) 
(Figure 1).  The laser structuring process was carried out in different controlled environments: vacuum, 
oxygen, water, and ethanol. We evaluated the formation of LIPSS by Atomic Force Microscopy (AFM) imaging. 
The results were always compared to those found classically for the LIPSS formation in ambient conditions (25 
ºC, 50 RH%). Our AFM structural analysis showed that in vacuum, the structuring process was similar to that 
performed in ambient conditions. However, for the rest of the atmospheres, we found different results. For 
water and oxygen, we observed the formation of LIPSS, but with different geometrical characteristics. In the 
case of ethanol, no LIPSS were formed, although the surface of the PET films showed changes. Furthermore, 
following our previous work [2], we performed a nanomechanical study on the nanostructured surfaces. We 
used the PeakForce QNM technique, an AFM-based protocol that allows obtaining the topography, elastic 
modulus, and adhesion maps of the materials simultaneously. Our results are discussed taking into 
consideration the possible physical and chemical changes that the samples might experience during 
processing, as well as the changes imposed by the complex geometry of the nanometric features. 
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Figures 

 
Figure 1. LIPSS on a PET free-standing film, prepared in different controlled environments. 

Air Vacuum Water Oxygen Ethanol
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Motivated by the miniaturization of devices to nano levels, the interest in reducing power consumption and 
improving energy efficiency has continuously grown over the last years. Within this scenario, ferroelectric 
materials offer a wide range of useful properties, such as nonzero switchable electric polarization in the 
absence of an external field, piezoelectricity and pyroelectricity. This makes them promising candidates for 
applications such as capacitors, memories or energy harvesting devices.[1, 2] 
 
In this work, we report the ab initio structural, vibrational and isotope effect properties of potassium 
dihydrogen phosphate (KDP or KH2PO4), a prototype member of the hydrogen-bonded ferroelectric 
compounds. A striking manifestation of its phenomenology is the huge isotope effect in its ferroelectric-
paraelectric transition temperature Tc, which changes from 122K to 229K upon deuteration.  
 
Using KDP as a case model, we have developed a novel method for selecting the exchange-correlation 
functional in Density Functional Theory calculations. This method incorporates quantum nuclear effects a 
posteriori in the description of the system, allowing to take them into account in the selection process. For 
KDP, the nonlocal van der Waals functional vdW-DF was selected as it provided the best agreement with H-
bond geometries experimental data. With this choice of functional, we computed the phonon modes at the 
Γ point of the Brillouin zone, the phonon dispersion curves and the phononic contribution to specific heat. 
We were also able to calculate the electric polarization and to identify the microscopic mechanism that 
originates it. [3] The devised method might be useful in the study of other H-bonded materials where the 
isotope effect proves to be of crucial importance. [4] 
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Figure 1. Schematic view of the internal structure of 
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Method of MPECVD was proposed to synthesize high porous amorphous carbon film with thin "adhesion" 
layer on various substrates in single cycle of the materials deposition. Annealing at high temperature in inert 
atmosphere leads to strong graphitization of the carbon film with significant decreasing of resistivity that 
allows us to consider obtained carbon films as promising material for catalysis and chemistry sensors. In this 
work we study plasma modification of the porous graphitizited carbon films in various gas atmospheres for 
enhancement of their catalytic and sensory properties. 
The films were studied by X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD) technique and by 
atomic force microscopy (AFM). Wetting of the films surface was studied by the water contact angle (WCA) 
technique; a resistivity of the films - by four point probes method. The samples were subjected by RF (13.6 
MHz) plasma treatment in hydrogen, nitrogen or argon atmosphere at room temperature in vacuum of 10-2 

Torr. 
It was shown by XRD measurements that thickness and density of the carbon film after plasma treatments 
are changed insignificantly and equal to about 145 nm and 1.55 g/cm3, respectively. XPS research 
demonstrates incorporation of nitrogen and oxygen bonds both after hydrogen and nitrogen plasma 
treatment and increase concentration of sp3 carbon bonds; after Ar plasma treatment introduction of 
nitrogen and oxygen was minor. Nitrogen and hydrogen plasma treatment resulted in decreasing of WCA up 
to 28° that attests increasing of their hydrophilicity whereas an argon plasma treatment increases of WCA up 
to 64° (Figure 1 (a,b)) that can be associated with specific surface morphology in last case which we observe 
by AFM (Figure 1 (c)). Resistivity of the hydrogen plasma treated film considerable decreases in compare 
with initial one while it noticeably increases after nitrogen plasma modification. Nature of the observed 
phenomena is analyzed and sensory properties to ammonia are estimated.  
 

Figures 

 
Figure 1. Water contact angle vs. time measurement after different plasma treatment (a); Photo of the drops located 
on grafitic surface after plasma treatment (b); Topography of graphite porous surface before and after plasma 
treatment measured by AFM technique. 
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In this contribution, we present a fully ab initio relativistic k·p perturbation approach to microscopically 
generate effective Hamiltonians of a desired size [1, 2]. The approach allows one to make an effective k·p 
model capable of correctly reproducing the observable (true) spin polarization of two-dimensional (2D) states 
split by spin-orbit interaction (SOI) in non-centrosymmetric systems. In turn, this enables a proper treatment 
of the effect of magnetic exchange interaction of 2D-state electrons with a ferromagnetic substrate or 
supporting layer. As an example of the efficiency of our approach, in Figure 1 we show the specific SOI-induced 
spin polarization of the Si-terminated surface states of the rare earth (R) intermetallic compounds RT2Si2 
(T=Ir, Rh) [2], which is characterized by a triple winding of surface-electron spins around the Fermi contours 
(FCs). The resulting complex spin structure underlies the shape of the FCs in the presence of the magnetic 
order in the rare-earth layers of RT2Si2. Applications of the approach to topological insulators, surface alloys, 
and structural elements of layered polar semiconductors are also presented in this contribution.  
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Figures 

 
Figure 1. Spin-resolved FCs of the Si-terminated surface state of the compounds RT2Si2 with the in-plane orientation of 
the spins, 〈𝐒〉 = 〈𝑆𝑥〉𝐱̂ + 〈𝑆𝑦〉𝐲̂, indicated by green (orange) arrows for the inner (outer) contour. The shown FCs are 

obtained within a relativistic kp six-band model without (MEI off) and with (MEI on) the magnetic exchange interaction 
of surface-state electrons with the 4f moments of the subsurface rare-earth atomic layer ferromagnetically ordered along 
the y-axis.  
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Magnetic proximity effect at the interface between magnetic and topological insulators (MIs and TIs) is 
considered to have great potential in spintronics as, in principle, it allows realizing the quantum anomalous 
Hall and topological magneto-electric effects (QAHE and TME). Although an out-of-plane magnetization 
induced in a TI by the proximity effect was successfully probed in experiments, first-principles calculations 
reveal that a strong electrostatic potential mismatch at abrupt MI/TI interfaces creates harmful trivial states 
rendering both the QAHE and TME unfeasible in practice. Here, using density functional theory calculations, 
we resolve the latter problem by proposing a fundamentally new type of the interface between an MI film 
and a tetradymite-like TI [1, 2], which appears to be universal for binary magnetic insulators, as exemplified 
by MnSe/Bi2Se3, MnTe/Bi2Te3, and EuS/Bi2Se3. The fabrication of the proposed interface suggests a growth 
mechanism implying a sinking of the codeposited MI atoms into the outermost quintuple layer (QL) of the TI 
substrate and formation of the MnSe(Te) or EuS structure combined with few remnant atomic layers 
constituted the outermost QL of a TI surface: Se(Te)-Bi-Se(Te)-[MnSe(Te)]-Bi-Se(Te) or Se-Bi-Se-[EuS]-Bi-Se. 
Such a scenario is far more energetically favorable than that of the sharp interface formation and covalent 
type bonding to a TI. Strikingly, the realization of this scenario leads to a unique situation when the 
heterostructure’s magnetic part, based on a material that intrinsically does not show van der Waals bonding 
(MnSe, MnTe, EuS, etc.), turns out to be van der Waals coupled to a TI substrate since the MI film is actually 
sandwiched between Se(Te)-Bi-Se(Te)- and -Bi-Se(Te) layers. The encapsulated magnetic film tends to adopt 
its bulk-like atomic structure starting already from a thickness of a few bilayers. Moreover, the total energy 
calculations also reveal the bulk-like magnetic ordering even for the relatively thin films inserted inside the TI 
QL. By adding more MI bilayers to the “grown-in” film, we have increased its thickness up to a couple of 
nanometers, finding each insertion to be very much energetically favorable. Altogether, this proves such 
systems to constitute a novel type of the MI/TI interface that provides a smooth MI-to-TI connection yielding 
the interface electronic structure essentially free of trivial states. These findings enable efficient engineering 
of the MI/TI interfaces with tailor-made properties and pave a way to realization of the QAHE and TME as 
well as their exotic consequences, such as image magnetic monopole or Majorana Fermions, on the basis of 
the MI/TI heterostructures. 
The supports by the Spanish Ministerio de Economia y Competitividad (FIS2016-75862-P), Academic D.I. 
Mendeleev Fund Program of Tomsk State University (8.1.01.2018), Saint Petersburg State University grant 
for scientific investigations (15.61.202.2015), and Fundamental Research Program of the State Academies of 
Sciences, line of research III.23 are acknowledged. 
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The graphene-substrate interaction can be a powerful tool to tune the electronic properties of graphene
[1].  A paradigmatic example  is  the graphene/Ru(0001)  interface.  The lattice mismatch between the two
systems gives rise to a strong corrugation in graphene, dramatic variations of the graphene-metal interaction,
and  a  strong  modulation  of  the  electronic  properties  at  the  nanometer  scale  [2].  Furthermore  the
graphene/Ru(0001) interface can be used as an adsorption template for organic molecules, like TCNQ [3],
due  to  the  low  reactivity  of  graphene.  On  the  other  hand,  organic  radicals  (CH2-CN·)  have  also  been
employed to covalently pattern the graphene/Ru(0001) surface with high spatial selectivity [4].  

In  view of  these results,  a  natural  development  is  determining  the role  of  supported graphene as  a
catalytic agent, studying the chemical reaction that may take place when multiple molecular species are
adsorbed on the graphene/Ru(0001) surface. In this talk I will present our recent results on this topic [5],
analyzing the adsorption of a TCNQ molecule on a graphene/Ru(0001) surface, previously functionalized with
CH2-CN·  radicals.  By  means  of  Density  Functional  Theory  (DFT)  calculations  we  determined  that  the
graphene/Ru(0001)  surface  promotes  the  formation  of  TCNQ-CH2CN,  in  which  the  two  molecules  are
bonded by means of a C-C covalent bond, a reaction that would hardly take place under non catalyzed
conditions.  The new TCNQ-CH2CN molecule has no magnetic moment,  due to charge transfer  from the
surface. More interestingly, the reaction can be fully reversed by injecting electrons in the LUMO of the
molecule by the STM tip. The TCNQ-CH2CN/TCNQ duo can hence be used as a reversible magnetic switch,
controlled by a chemical reaction. On the other hand, our study shows that the TCNQ molecule can be used
as a chemical “mop”, with which strongly bound addends can be removed from the graphene surface.

References
[1] J. Winterlin et al., Surf. Sci. 603, 1841 (2009)
[2] B. Borca et al., Phys. Rev. Lett. 105, 036804 (2010); D. Stradi et al., Phys. Rev. B 85, 121404(R) (2012)
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Figures

Figure 1. (a-b) Top view and side view of the unit cell including the ruthenium substrate, the corrugated graphene and
the TCNQ-CH2CN molecule as obtained in the DFT calculations. (c-d) STM images of the TCNQ-CH2CN on the surface, as
obtained in the STM measurements (c) and in the DFT calculations (d).
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Abstract  
Gas-diffusion electrocrystallization (GDEx), a new electrochemical process that we have developed, yieds 

colloidal dispersions or solid nanoparticles with well controlled and narrowly distributed properties1. The 

general principles and mechanism through which GDEx operates will be introduced. Examples of 

nanomaterials we have achieved and their functionality and industrial relevance will be disclosed. GDEx 

produces finely-tuned compositions of magnetite (Fe3O4) nanoparticles in the range of 20 to 100 nm, providing 

the possibility to regulate magnetic susceptibility as MRI contrast agent and for hyperthermia treatment. Solid 

nanoparticles of herbertsmithite (ZnCu3(OH)6Cl2) with liquid-like magnetic spin have also been obtained. These 

Cu/Zn-based nanoparticles may have applications in data storage. GDEx is revealed as a new, flexible route to 

synthesize a wide range of nanoparticles with versatile control of composition, morphology, and 

physicochemical parameters such as crystallite size, lattice parameter, particle size, which in turn tailor specific 

functionalities. 
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Figure 1. Gas diffusion electrocrystallization concept for the synthesis of magnetic nanoparticles.1 
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The circular photogalvanic ad photon drag effects (CPGE and CPDE, respectively) are very attractive 
mechanisms for optically generating charge and spin transport in two-dimensional transition metal 
dichalcogenides (TMDCs). They allow to produce directed spin-polarized current of controllable direction and 
intensity by illumination with circularly polarized light, even without applying any electric bias (circular 
photocurrents, CPC). In this work, we study for the first time the spectral and electrical response of CPC in a 
monolayer TMDC. By illuminating an h-BN encapsulated monolayer MoSe2 phototransistor at an oblique 
incidence angle with respect to the crystal surface, we generate a helicity-dependent DC photovoltage. Its 
dependence on the drain-source and gate voltages reveals the presence of two different CPC regimes, each 
becoming dominant at different applied voltages and showing different symmetry upon change of the 
illumination angle. 
 

Figures 
 

  
 
Figure. (a) Schematic experimental setup for measuring the CPGE. (b) Helicity-dependent photovoltage as a function of 
the quarter-waveplate angle. 
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We have studied the amplification by very small Ag NPs (r=2nm) of the Raman signal from Graphene and 
Rhodamine 6G (R6G).  The Ag NPs, deposited on glass with a gas aggregation technique, present a very 
narrow size distribution (2 ± 2 nm) and surface free of organics. We have evaluated the suitability of ultra-
small Ag Np as SERS1 substrate. Although the electric field amplification factor for isolated ultra-small NPs is 
hampered by size effects1,2, the increase in the density of available hotspots2 may benefit the overall 
amplification for organic molecules.  
We present experimental results on the dependence as a function of the NPs density of the plasmon and of 
the Raman amplification factors for an underlying SL graphene and for spin coated R6G. Numerical 
simulations (Lumerical FDTD Solutions ) of close-packed NPs are used to reproduce the experimental results 
and obtain general trends. The observed energy and shape modifications of the plasmon are not related to 
the NPs size distribution, very narrow in this case, but to the presence of interacting NPs with varying 
distributions of inter-particle distances as their density is increased. The obtained amplification factors for 
these 2 nm NPs (when normalized to the silver mass present in the platforms) is higher than those 
corresponding to larger (r= 10-15 nm) Ag Nps. The amplification for R6G increases exponentially with NPs 
density due to the enhanced electric fields as the inter-particle distance is reduced, being larger at the 
equatorial planes of the NPs (Figure), where some R6G may be present, this effect however doesn’t affect 
the Raman signal of the underlying graphene.  
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Figures 
 

 
Figure 1. Electric field amplification of a periodic array of Ag NPs for to interparticles distances. 
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The	electronic	structure	of	flexible	macromolecules	like	corroles	promotes	the	stabilization	of	metal	ions	in	
exceptionally	 high	 oxidation	 states.	 This	 makes	 them	 distinctive	 candidates	 for	 various	 biomedicine,	
catalysis,	as	well	as	solar	cell	applications.		
Combining	first-principles	calculations,	temperature-programmed	desorption	(TPD)	measurements,	scanning	
tunneling	microscopy	 (STM),	X-ray	spectroscopy	 (XPS),	near-edge	X-ray	absorption	 fine	structure	 (NEXAFS)	
spectroscopy	measurements	and	simulations,	we	characterize	 the	chemical	 state	and	 the	conformation	of	
the	 free-base	 corrole	 5,10,15-tris(pentauorophenyl)corrole	 (3H-TpFPC)	 adsorbed	 on	 Ag(111)	 surface	 and	
unravel	 annealing	 induced	 chemical	 reactions.	With	 our	 novel	method	 to	 simulate	 the	 XPS	 and	 the	 angle	
dependent	NEXAFS	signatures	of	the	C1s	and	N1s	edges,	we	can	interpret		the	spectral	features	and	predict	
the	temperature	induced	new	molecular	chemical	states.	[1]	
We	reveal	a	formation	of	on-surface	stable	corrole	radicals	by	a	site-specific	cleavage	of	a	pyrrole	N-H	bond	
triggered	by	annealing	to	330	K.	The	molecular	species	adsorb	with	their	macrocycle	tilted	approximately	20o	
with	 respect	 to	 the	 surface	 plane	 contrasting	 the	 typical	 saddle-shape	 conformation	 of	 related	 porphyrin	
species.	 The	 tilted	 adsorption	 geometries	 enable	 the	 molecules	 to	 aggregate	 in	 non-trivial	 interwoven	
monolayer	 structures.	 [1,2]	 After	 annealing	 to	 430	 K,	 a	 thermally	 induced	 regioselective	 cyclization	 (ring	
closure)	 reaction,	 between	 the	 phenyl	 ring	 and	 the	 pyrrolic	moiety,	mediated	 by	 the	 radical	 cascade	 has	
been	 reported.	 The	 ring-closed	 radicals	 form	 a	 highly	 symmetric	 hexagonal	monolayer	 structure.	 [3]	 Our	
calculations	resolve	the	packing	motif	and	predict	the	molecular	conformations	within	the	structure,	which	
might	offer	exciting	areas	of	application.		
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Figure	1.	NEXAFS	in	experiment	and	simulations	for	structure	identification	
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The Corbino geometry allows one to investigate the propagation of electric current along a p-n 
interface in ballistic graphene in the absence of edge states appearing for the familiar Hall-bar 
geometry. Using the transfer matrix in the angular-momentum space we find that for sufficiently 
strong magnetic fields the current propagates only in one direction, determined by the magnetic 
field direction and the interface orientation, and the two valleys, K and K’, are equally occupied. 
Spatially-anisotropic effective mass may suppress one of the valley currents, selected together 
with the direction of propagation, transforming the system into a mesoscopic version of the valley 
filter. The filtering mechanism can be fully understood within the effective Dirac theory, without 
referring to atomic-scale effects which are significant in proposals operating on localized edge 
states. 

Figures 

Figure 1. Quantum Hall states propagating along a p-n junction in the strong-field limit, for B > 0 
(top) and B < 0 (bottom). Diagonal double arrows indicate the system symmetry upon a 
simultaneous time reversal and magnetic field inversion. 
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                    Oxidation Scanning Probe Lithography (o-SPL) is a direct, robust nanolithographic technique with 

sub-10 nm resolution and in-situ, non-destructive inspection after nanopatterning. The fabrication of 

working nano-devices on a wide variety of materials has been demonstrated [1].  In this work [2], we report 

the fabrication of 10 oxide nanowires with 36 nm half-pitch and the electrical characterization of a few-layer, 

p-type doped WSe2 field-effect transistor, which channel consists in an array of 5 parallel nanoribbons with a 

half-pitch of 350 nm. The p-doping effect and the ability to control the width and the depth of the oxide 

nanoribbons come from an oxygen plasma treatment, prior to the o-SPL step, which forms a self-limited and 

uniform oxide layer on top of the WSe2 flake. These results show the potential to optimize o-SPL to fabricate 

in a local and non-invasive way high-resolution 2D materials-based devices. 
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Figures 
 

 
Figure 1. (a) o-SPL oxides fabricated on a pristine WSe2 flake at arelative humidity of 42%, an applied voltage of 16.2 V 
and variable oxidation times in the range of 0.6 – 1.8 ms. (b) AFM topographic image of 350 nm half-pitch nanoribbons 
after o-SPL and water etching. (c) Transfer curve of the device shown in (b). 
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The lanthanide-doped upconversion nanomaterials have a nonlinear optical process involving sequential 
absorption of two or more photons leading to the emission of higher energy photons. These nanomaterials, 
because of their intriguing luminescent properties cover diverse applications such as solar cells [1], tissue 
engineering [2], safety inks [3] and display devices [4]. Single crystalline inorganic nanosheets, a class of 2D 
materials, are synthesized by chemical exfoliation of layered oxide materials. They are obtained from one-to-
several nanometers thick depending on the composition of host layers of bulk materials. In this study, 
K2Ln2Ti3O10 (Ln: lanthanide), the Ruddlesden-Popper type perovskite, were doped with la Yb3+ /Er3+, 
Yb3+ /Tm3+, and Tm3+ /Er3+ ion pairs and then exfoliated to produce upconversion crytallines.  These 
nanosheets were deposited by the layer-by-layer method to fabricate upconverting nanofilms having ~50 nm 
thickness. These nanofilms show emission in different parts of the visible region by upconversion depending 
on the amount of doping with lanthanides and the annealing temperature of the layered materials. The 
characterization of the layered materials, nanosheets and nanofilms were performed using Atomic Force 
Microscopy, X-ray Diffraction Spectroscopy, Scanning Electron Microscopy-EDX and UV/VIS/NIR 
Spectroscopy techniques.   
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The structural and electronic properties of hexagonal boron nitride (h-BN) grown on stepped Ni and 
Rh surfaces are systematically investigated using cylindrical Ni and Rh crystals as a tunable 
substrate. Our experiments reveal homogeneous h-BN monolayer coating of the entire curved 
surface, which in undergoes an overall faceting on Ni with large facets but h-BN nanoribbon growth 
on Rh.  
The faceted system on Ni is defined by step-free h-BN/Ni(1 1 1) terraces alternating with strongly 
tilted h-BN/Ni(1 1 5) or h-BN/Ni(1 1 0) nanostripes, depending on whether we have A-type or B-type 
vicinal surfaces, respectively. Such deep substrate self-organization is explained by both the rigidity 
of the h-BN lattice and the lack of registry with Ni crystal planes in the vicinity of the (1 1 1) surface. 
The analysis of the electronic properties by photoemission and absorption spectroscopies reveal a 
weaker h-BN/Ni interaction in (1 1 0)- and (1 1 5)-oriented facets, as well as an upward shift of the 
valence band with respect to the band position at the h-BN/Ni(1 1 1) terrace [1]. 
h-BN growth on stepped Rh leads to a transformation of the two-dimensional “nanomesh” 
structure [2] characterized by hole and wire areas to a formation of h-BN nanoribbons where the 
width of the nanoribbon is tunable by the substrate vicinal angle. We find faceting of the substrate 
into (1 1 2) and (1 1 3) surfaces, where interaction with the Rh substrate increases (contrary to Ni). 
Furthermore h-BN band gap openings due to the limited nanoribbon width are observed. 
References 
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Figures 

 
Figure 1: (a) STM image of hBN nanoribbons at Rh(557), (b) X-ray absorption spectra at the boron K-edge of 
a h-BN film away from the Rh(111) position of the curved crystal revealing the stronger substrate 
interaction. 

(a)                                                                                     (b)  

T
o

ta
l 

E
le

ct
ro

n
 Y

ie
ld

200198196194192190

Photon Energy (eV)

 (337)
 (557)
 (111)

 
 

 B K-edge

20nm

 
20nm

 

T
o

ta
l 

E
le

ct
ro

n
 Y

ie
ld

200198196194192190

Photon Energy (eV)

 (337)
 (557)
 (111)

 
 

 B K-edge

99



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

Lock-in thermography to investigate nanomaterial-
cell association trends 
 

Lukas Steinmetz1  
Joel Bourquin1, Ana Milosevic2, Hana Barosova1, Patricia Taladriz-Blanco1, Christoph Geers1, Mathias 
Bonmarin3, Barbara Rothen-Rutishauser1, Alke Petri-Fink1,4 

 
1 Adolphe Merkle Institute, University of Fribourg, Chemin des Verdiers 4, 1700 Fribourg, Switzerland 
2 Swiss Federal Laboratories for Materials Science and Technology (Empa), Lerchenfeldstrasse 5, 9014 St. Gallen, 
Switzerland 
3 School of Engineering, Zurich University of Applied Sciences, Technikumstrasse 9, 8400 Winterthur, Switzerland 
4 Chemistry Department, University of Fribourg, Chemin du Musée 9, 1700 Fribourg, Switzerland 

lukas.steinmetz@unifr.ch 

 
The characterization of nanomaterials (NMs) in complex environments are prominent research interests in 
nanotechnology. Applied methods must be capable of analyzing nanomaterials with various sizes, shapes and 
chemical compositions. When those NMs are e.g. exposed to a cellular environment they will likely be 
associated and uptaken by cells. Common techniques to investigate NM-cell interactions include e.g. 
inductively coupled plasma mass spectrometry (ICP-MS), electron microscopy (EM) or laser scanning 
microscopy (LSM).  However, all these methods have their limitations, e.g. time-consuming sample 
preparation and measurements or sample destruction [1]. Therefore, new complementary approaches are 
being developed. Lock-in thermography (LIT) is a sensitive infrared imaging technique, which is commonly 
used to test composites and electronic components [2]. The method allows analysis of stimuli-responsive 
samples by applying a trigger to excite NPs, resulting in the generation of heat [3]. Sample preparation is 
straight-forward and solid as well as liquid samples can be investigated in a non-destructive and non-intrusive 
way. We used LIT to stimulate plasmonic gold nanoparticles (AuNPs) and multiwalled carbon nanotubes 
(MWCNTs), which we exposed to different cell types for 24 hours. Homogeneous light of a specific wavelength 
was applied to excite these nanomaterials. The result is a 2D heat map, which allows quantifying the produced 
heat with respect to the applied light intensity. Hence, we gain insights in the degree of NM-cell association 
over the course of 24 hours by measuring at different time points. 
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Figures 

 
Figure 1. NM-cell association trends for different cell types over 24 hours (A) and 2D heat map obtained by lock-in 
thermography measurements (B). Feedback on the NM-cell association rate can by drawn by analyzing the characteristic 
heating behavior of NMs at different exposure time points. High temperatures are depicted in red (B). 
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Abstract 
 
X-rays are nowadays essential in the characterization and metrology of materials, objects and living species as 
well as in cancer therapy. The industrial development of X-ray detectors and cameras is however still hindered 
by the difficulty to ensure efficient “X-photon”-to-electron conversion in electronic devices needed to reach 
high signal/noise ratio. Indirect detection technique, which combines scintillators to silicon-based optical 
detectors, has demonstrated performances in terms of image contrast and signal dynamics, and are now 
widely developed by many companies. However, problem remains that the resulting sensors and cameras 
suffer from modest spatial resolution (about 10 μm) and cross-talk between neighboring pixels. Best 
resolution up to 1.6 microns is achieved with cameras which incorporate expensive and high steric hindrance 
bulky lens. On the other hand, X-ray detectors and cameras are often too bulky to allow easy manipulation, 
rapid implementation into systems, and endoscopic for in-vivo applications. 
The purpose of our study is to show the feasibility, to design and to test the performances of novel extremely 
compact and highly sensitive X-ray micro and nano-detectors grafted at the end of single optical fibers [1]. The 
main idea is to take advantage of a new Nano-Optical Antenna (NOA) for efficiently collecting and transferring 
X-ray Excited Photoluminescence (XEP) from nanoscintillators towards optical fiber aperture (figure 1), in 
order to achieve high performance X-ray detectors and cameras available in compact and flexible architectures 
free from bulky optics and compatible with endoscopy (see fig.1). 
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Figure 1. Test bed for simulation results validation 
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The development of magnetic nanostructures for various applications requires control of the important 
characteristics of these materials: morphology and size, colloidal stability, surface properties and to ensure 
high magnetic moment. We report a comparative study of magnetic nanosystems with tunable size, 
morphology, magnetic and surface properties designed for applications in magnetic bioseparation, 
nanomedicine, security. Design of magnetoresponsive nanocomposites was achieved using different 
synthesis procedures that allow either controlled clustering of magnetic nanoparticles embedded into 
polymers or single-core magnetite nanoparticles coated with specific functionalized shells [1-3]. The coating 
of individual magnetite nanoparticles with various polymeric shells (polyesters, polydopamine) allows linking 
additional functions for attachment of biological entities like biotine, galactose. Multi-core magnetic particle 
systems coated with different polymers: (poly(N-isopropylacrylamide), polyacrylic acid, poly(3-
acrylamidopropyl)-trimethylammonium chloride), poly(vinylpyrrolidone), polyethylene glycol or Pluronic 68 
have been obtained by miniemulsion or solvothermal methods. TEM investigations show the close packing 
of magnetite nanoparticles into well-defined spherical microgel particles with sizes in the range 50-300 nm, 
while for core-shell nanostructures the magnetic core (mean diameter 10 – 30 nm) is covered with a 
polymeric shell. X-ray Photoelectron Spectroscopy investigation of surface chemical composition of the 
magnetic microgels and core-shell nanostructures confirms the nanocomposites formation and the 
attachment of specific functionalities. The magnetic nanocomposites show superparamagnetic behavior at 
room temperature and relatively high saturation magnetization values (50-90 emu/g). Our results show that 
optimizing the composition, structure and functional coatings of magnetic nanoparticle systems is a great 
promise for the design and reproducible manufacturing of single- and multi-core magnetoresponsive 
nanocomposites for specific applications. 
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Figures 

Figure 1. TEM image of magnetic clusters obtained by oil-in-water miniemulsion technique using highly stable 

ferrofluid. 
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Functional printing enables new business lines applied to diverse sectors such as industrial sector (circuits, 
antennas, sensors, batteries, etc.), the agri-food sector (bio-sensors, smart packaging and labels, etc.) or the 
health sector (biochemical diagnosis devices, biological testing, etc.). In this work we present several 
applications currently under development based on functional graphene pastes combined with silver 
nanowires. 
 
The excellent thermal and electrical properties of graphene spread heat rapidly, this together with the 
piezoresistive behaviour of graphene opens the field to novel devices, like efficient heating elements, 
pressure sensors or structural health monitoring. Moreover, graphene’s large surface area, high electrical 
conductivity, unique optical properties and high thermal conductivity make it especially ideal for sensors. 
Ultra-sensitive graphene-based sensors can also be smaller, lighter and less expensive than traditional 
sensors.  
 
The following functionalities will be presented. (a) Heating elements. Temperatures in the range of 80ºC- 
160 ºC are achieved with voltages between 20-30 V. Good behaviour after long cycles, reaching the same 
temperatures in each cycle (b) Structural health monitoring. Gauge factors up to 30 have been reached in 
steel samples coated with different graphene-based materials when subject to mechanical strain. (c) 
Pressure sensing. Preliminary results of bending tests on printed textiles show good correlation between 
curvature ratios and resistivity; behaviours in long time cycles. (d) Temperature sensing. Screen printed 
sensors based on resistive graphene-pastes integrated in a Wheatstone bridge show high sensitivity and 
quick answer.  
 
The potential industrial applications will be also presented.  
 

Figures 

Figure 1. Electrothermal behaviour of printed graphene paste after several cycles  

Figure 2. Piezoresistive behaviour of several graphene pastes            Figure 3.  Temperature sensor  
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The flow behavior of practically structure-less ferrofluids was tuned over a large range by adding well-
defined amounts of magnetite nanoparticle clusters. Magnetite nanoparticle clusters with hydrophobic 
coating were dispersed in high colloidal stability transformer oil based ferrofluid samples having 120 and 500 
G saturation magnetization, initially free of clusters. The resulting ferrofluid composition consists both of 
single (approx. 7 nm mean size) and clustered (280 nm average size) magnetite nanoparticles, each of them 
in a prescribed amount. This new approach allows a precise evaluation of the role of clusters on the 
ferrofluid flow behavior. The magnetite nanoparticle clusters obtained by a solvothermal method have a 
saturation magnetization of 75 emu/g and a remnant magnetization of 0.2 emu/g due to the large size 
(~25nm) of the magnetite nanoparticles in their composition. Long bundles of thin elongated needle like 
aggregates of magnetic nanocluster particles are formed in a magnetic field and produce a significant 
magnetorheological response of the bidisperse magnetic suspensions observed already for moderate 
applied magnetic field values (fig.1). The dynamic yield stress and magnetoviscous (MV) effect are analyzed 
and compared with previous results concerning suspensions of micrometer size iron particles in a ferrofluid 
carrier [1]. The viscoelastic properties and the interactions between the components of ferrofluid based 
magnetite nanoparticle cluster suspensions were evaluated by creep tests in zero and nonzero applied 
magnetic field. The bidisperse magnetic nanocomposite suspensions provide a promising new formulation of 
MR fluids with improved kinetic stability to be used in seismic dampers and flow control devices for 
hydraulic machinery. 
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Figures 

 
 
Figure 1. The MV effect of: a) MNCS120-5 and FF120, b) MNCS120-10 and FF120, c) MNCS500-10, FF500 and FF600, 
and d) MNCS500-40, FF500 and FF 1000 at several values of the applied field magnetic field 
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Giant Magneto Resistance (GMR) materials have been incorporated into the list of candidates for active-

control, demonstrating modulation of mid-IR response in spintronic-plasmonic platforms using very low 

magnetic fields [1, 2]. This is due to the change in the optical response induced by the magnetic field as a 

result of the change in electrical resistivity (Magneto Refractive Effect or MRE), which enables fast and 

contactless modulation of the optical properties of the spintronic material in the IR and longer wavelengths. 

We experimentally demonstrate and theoretically confirm that metasurfaces consisting of arrays of 

randomly distributed slits fabricated on Ni81Fe19/Au multilayers exhibiting 4.2% GMR, show spintronic 

modulation of their optical properties in the 2-17 m range of the spectrum, using very low magnetic fields. 

We find a continuous increase of the modulation of the optical reflectivity with both the slit concentration 

and the slit length and a red-shift of the plasmon peak position at which the modulation takes on for longer 

slits. These results open a route to design active metasurfaces covering different spectral regions (mid-far IR, 

THz, GHz...), by simply adapting the size and shape of the building blocks and their spatial distribution.  
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Figures 

 
 
Figure 1. a) AFM image of slit metasurface (2.1% and L=2m) and field enhancement, b) magnetic modulation for slits 
of different lengths and c) experimental (dots) and theoretical (squares) amplitude of magnetic modulation (IMR). Black 
curve: magneto-induced variation of dielectric constant due to MR effect.  
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Abstract 
Silver nanorods are commonly believed to exhibit better optical performance comparing to their gold 
counterparts. However, in the past two decades, they have received much less attention than gold nanorods 
in the field of plasmonics and related interdisciplinary fields. A main drawback for practical applications of 
silver nanorods is the poor chemical and structural stability. In particular, the toxicity of silver ions, as a 
result of silver degradation, largely hinders their applications in biological analytics based on cell cultures. 
Another drawback is a lack of facile synthetic methods, especially for thin silver nanorods with diameters 
below 20 nm. We herein report a robust synthetic method for the preparation of ultrathin silver nanorods 
with controllable diameters of 10–20 nm and widely tunable lengths ranging from a few tens of nanometers 
to several micrometers. Penta-twinned gold nanoparticles are used as seeds to direct the growth of silver 
nanorods.[1,2] Depending on the sizes of the gold seeds, symmetric or asymmetric nanorods can be obtained 
due to a size dependent effect of heterogeneous/homogeneous silver overgrowth. These ultrathin silver 
nanorods possess a number of attractive features, including highly tunable plasmon wavelengths, intensive 
local field enhancement, outstanding dimensional uniformity, narrow plasmon bands, excellent photo-
thermal conversion ability, and promising sensing performance. Furthermore, they are demonstrated to be 
stable and noncytotoxic after coating with a thin layer of polymer, where Raman molecules and dye 
molecules can be also facilely loaded inside. Intracellular surface-enhanced Raman scattering (SERS) imaging 
and surface-enhance fluorescence imaging are performed as examples for demonstrating the potential 
applications and outstanding performance of the ultrathin silver nanorods. 
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Figure 1. Representative TEM image of the ultrathin silver nanoords. 
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Abstract  
 
Herein we present the development and characterization of foams composed of polyvinyl alcohol (PVA), 
microcrystalline cellulose (CMC) and anthocyanin directly extracted by red cabbage (brassica oleraceae) used 
as intelligent colorimetric pH indicators. As the physicochemical characterization reveals, the developed 
foams are highly porous (87%) with pores sizes ranging between 2.06 µm and 5.82 µm, while they absorb 
efficiently water and moisture. The introduction of the CMC as a filler in the skeleton of the foams results in 
the decrease of the water and moisture capacity uptake but it significantly increases the speed of the vapors 
adsorption since it contributes to the increase of the hydrophilicity of the system. Therefore, the 
biocomposite foams can rapidly change colour upon pH changes of solutions and vapours. In fact, the results 
for the optical/visual colour changes and UV-visible spectra of the foams revealed that the herein developed 
biocomposites are universal pH indicators, capable of sensing acidic, neutral or basic environments by 
displaying a distinct colour for each pH value, few seconds after the exposure (Fig.1). The colour change of 
the indicators is a simple visual method to detect the pH environment and can be used in various 
applications [1, 2]. In particular, having in mind that the metabolic products of the bacteria during the food 
spoilage can produce liquids of different acidity, such biocomposite foams can be used in intelligent food 
packaging as colorimetric food spoilage indicators [1]. Furthermore, since by monitoring the pH changes one 
can monitor the cells metabolism, such biocompatible and biodegradable porous pH indicators can be easily 
implemented in biomedical applications as active scaffolds for tissue growth while simultaneously 
monitoring the extracellular environment. 
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Figure 1. (a) Anthocyanin solution response upon pH changes (b) Anthocyanin treated PVA/Cellulose foams upon pH 
changes 
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Coupling electrochemical and optical properties are currently opening new possibilities in the sensing field 
and offering improvements in terms of sensitivity, selectivity, cost effectiveness and ease of use. In this 
regard herein a screen-printed electroluminescent lamp modified with graphene oxide.1The sensor was 
created using the alternating current electroluminescent (ACEL) technology but modifying its architecture 
and layers composition with graphene oxide and nafion. The sensing principle is based on the direct 
relationship between the light intensity of the display and the conductivity of the external layers. The device 
is able to detect the ionic concentration of any conductive species and can act as humidity sensor. Besides, 
the response time is so fast that just by coupling the display to a smartphone camera sensor, its potential 
was expanded for automatically monitoring human breath in real time. This flexible ACEL sensor holds a 
great potential for future advancement in wearable sensor technology in addition to other applications with 
interest for diagnostics as well as environmental monitoring, safety and security. 
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Bio-based polymeric nanocomposites (NCs) were obtained by melt mixing a polyamide 4,10 (PA410) and a 
thermoplastic elastomer (impact modifier), both commercially available and partially bio-based, with two 
different commercially available multi-walled carbon nanotubes (CNTs), namely Nanocyl NC7000TM and 

PlasticylTM PA 1503 (a masterbatch based on PA6 and Nanocyl NC7000TM CNTs). Mechanical and electrical 
properties of the resulting NC systems –i.e. PA410/PEBAX/CNT and PA410/PA6/PEBAX/CNT, respectively– 
were studied. Deformation properties –i.e. ductility and impact resistance– were improved after TPE 
addition as expected [1], with respect to the unmodified NC systems (Figure 1). A reduction in the 
percolation concentration (pc) was also observed in both systems (Figure 2), probably due to a double 
percolation effect [1, 2]. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Impact strength of PA410/PEBAX/CNT (open triangles) and PA410/PA6/PEBAX/CNT (filled triangles) NCs. 
 
 
 
 
 
 
 
 
 
 
Figure 2. Electrical conductivity of unmodified PA410/CNT (x) and 

PA410/PA6/CNT (●) and modified PA410/PEBAX/CNT (open triangle) and PA410/PA6/PEBAX/CNT (filled triangle) NCs.  
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The	role	of	nanoscience	in	analytical	science	has	been	greatly	established	for	the	development	of	chemical	
sensors	 with	 enhanced	 performance.	 The	 design	 of	 low-cost,	 easy-to-fabricate	 and	 portable	 analytical	
devices	with	a	low	limit	of	detection	(LOD),	good	selectivity,	high	sensitivity	and	short	response	time	are	in	
high	demand.1,2,3	 In	 this	 sense,	 chemical	 sensors	based	on	 fluorescent	quantum	dots	 (QDs)	have	attracted	
intense	 interest	 because	 of	 their	 excellent	 optical	 and	 electronic	 properties	 compared	 to	 the	 routinely	
employed	fluorescent	organic	dyes.4	These	properties	include	size-tunable	light	emission	over	a	wide	range	
of	energies,	high	photoluminescence	quantum	yield	(PL	QY),	narrow	emission	line	width,	and	good	solution	
processability.5	In	addition,	the	physicochemical	stability	of	QDs,	their	extremely	large	surface	area,	as	well	
as	the	possibility	of	functionalizing	their	surface	by	conjugation	with	appropriate	molecules	make	them	very	
attractive	nanomaterials	for	ultrasensitive	sensors	with	the	possibility	of	multiplex	chemical	detection.6	
	
In	this	work,	we	have	developed	a	novel	CdSe	QD-polymer-based	luminescent	chemosensor	for	the	selective	
detection	of	explosive	or	explosive-like	molecules.	The	sensor	is	based	on	an	array	pattern	containing	either	
green-emitting	or	red-emitting	CdSe	QDs	in	polycaprolactone	(PC)	as	a	polymer	host	matrix.	Here,	the	sensor	
fabrication	 is	 performed	 by	 a	 microplotter,	 a	 direct	 printing	 technique	 based	 on	 ultrasonic	 fluid	
microdispensing	 to	 generate	 the	 nanocomposite	 patterning,	 resulting	 in	 accurate	 and	 high-resolution	
patterns.	The	transduction	mechanism	of	the	sensor	is	based	on	changes	of	the	QD	photoluminescence	(PL)	
when	molecules	are	adsorbed	on	the	QD	surface.		
	
We	evaluate	the	sensing	capability	of	the	nanocomposites	by	exposing	the	patterns	to	vapours	of	some	high	
explosive	 or	 explosive-like	 molecules.	 Additionally,	 two	 different	 molecules	 such	 as	 2-mercaptoethanol	
(MET)	and	ethylenediamine	(EDA)	are	also	tested	for	comparison.	Remarkably,	the	change	in	 intensity	and	
response	 times	 for	 this	 two	 nanocomposites	 are	 quite	 varied	 depending	 upon	 the	 analyte	 to	 which	 it	 is	
exposed.	 The	 LOD	 of	 the	 sensors	 was	 determined	 to	 be	 as	 extremely	 low	 as	 10-10	 M	 for	 all	 analytes.	
Monitoring	the	changes	in	the	fluorescence	intensities	of	both	nanocomposite	patterns	allows	to	pin-point	
each	analyte	on	a	two-dimensional	(2D)	map,	where	selectivity	can	be	greatly	enhanced.		
We	believe	that	this	type	of	miniaturized	luminescent	QD-based	nanocomposites	might	form	the	basis	of	a	
fully	disposable	sensing	platform	technology	 to	perform	effective	chemical	 sensing	and	detection	of	many	
high	explosive	or	explosive-like	molecules	among	others.	
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The discharge of dyes, specifically synthetic dyes into the aqueous system from industrial sources represents 
a serious environmental problem due to their toxicity to aquatic life and mutagenicity to humans. Some 
synthetic dyes are extremely resistant to biodegradation and therefore several methods have been developed 
to assist in their removal [1]. Recently, the use of nanomaterials for the remediation of pollutants has been 
successfully applied, showing promising results, especially for the removal of dyes from water. As an emerging 
subset of nanomaterials, carbon dots are nanoparticles in the size range of below 10 nm that present unique 
characteristics such as stable fluorescence, low toxicity and high aqueous solubility, and are also known to 
participate in rapid electron transfer properties in catalysis [2]. In this study, carbon dots were synthesised 
using green precursors (Fig. 1) and tested as metal free catalysts in the “Fenton-like” reaction for the 
degradation of three synthetic dyes under room temperature (20 ±2°C) and at neutral pH (7.5). Results showed 
that nanoparticles with 10 nm average diameter were formed and they manifested a negative surface charge 
across a range of pH conditions. In the presence of H2O2, the carbon dots were able to act as catalysts in a 
“Fenton-like” process removing 100% of dyes (Fig 2) after only 30 minutes; in the absence of carbon dots the 
removal was of only 15%. The results suggest that the carbon dots are involved in the transference of 
electrons, participating in the decomposition of H2O2, resulting in the generation of free radicals in solution 
which are responsible for the degradation of dyes.  
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Figure 1. One-pot hydrothermal synthesis of the prickly pear carbon dots. 
 

                          
Figure 2. (a) Schematic illustration of the catalytic degradation of dyes (b) digital images of dyes before and after 
degradation. 
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Tungsten ditelluride (WTe2) is a transition metal dichalcogenides (TMD) [1].  It is considered a 2D material 
since it shows a multi-layer structure compose by layer W atoms sandwiched between two Te atoms. The 
layers are implied buy Van der Waals interaction. WTe2 differs from the others TMDs since it present a 
distorted orthorhombic unit cell where the central W atoms are displaced from the center and form a zig-zag
W chain. This distorted crystal and the high SOC made the WTe2 band structure particularity attracting for 
studying new topological phases. Theoretical studies have predicted that WTe2 multi-layer could be a type II 
Weyls semimetal [2]. Whereas a WTe2 monolayer is a 2D
topological insulator at temperature lower ( T<100K ). ARPES
measurements show the opening of a gap [3] and transport
studies demonstrate the presence of quantum spin hall effect
[4]. 

In this work we present a complete characterization of the
crystal and electronic band structure of a multi-layer WTe2 crystal
growth by Chemical Vapor Transport. X-Ray Diffraction and
Raman spectroscopy have been used to characterize the crystal
structure. Raman spectroscopy has been performed along all the
main crystallographic axes showing a high anisotropic behaviour
of the scattering peaks. The combination of the two techniques
allows us to demonstrate the high crystal structure of our crystals. In-situ exfoliation allowed us to perform 
X-Ray photoemission spectroscopy (XPS) and angle resolved photoemission spectroscopy (ARPES) on a non-
oxidized WTe2 crystal.  XPS measurements confirm the lack of oxidation. The shape, area and position of the 
XPS peaks allow us to confirm the presence of the expected electrical bounds between W and Te. Our ARPES
measurements on the multilayer sample are in accord with the literature and shown the presence of a 
semimetallic band structure, i.e. the presence of electron and hole pockets. No evidence of type II Weyls 
semimetal band structure has been found.

Those characterizations allow us to confirm the high quality of our crystals and the possibility to use it in
heterostructures  with  magnetic  material  and  study  the  proximity  effect  and  the  presence  of  quantum
anomalous hall effect. 
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Fig.1 ARPES data along the G–Y direction 

113



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

Structural and electronic properties of molecules 
adsorption on Blue Phosphorene 
 

Carlos Antonio Corona García1  
Gregorio H. Cocoletzi1, F. Sanchez-Ochoa2, Daniel Sanchez-Portal3,4 

 
1 Benemérita Universidad Autónoma de Puebla, Instituto de Física “Ing. Luis Rivera Terrazas”, Av. San Claudio y Blvd. 18 
Sur, Col. San Manuel, Apartado Postal J48, 72570 Puebla, México. 
2Universidad Nacional Autonoma de Mexico, Instituto de Fisica, Apartado Postal 20-364, Cd. de México 01000, Mexico 
3 Centro de Física de Materiales, Centro Mixto CSIC-UPV/EHU, Paseo Manuel de Lardizabal, 5. 20018, 
Donostia-San Sebastián, Spain. 
4 Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal, 4. 20018, Donostia-San 
Sebastián, Spain. 

cacorona@ifuap.buap.mx 

 
Since the discovery of the two-dimensional (2D) materials such as Graphene, silicene, germanene, etc., with 

unique optical, electrical, mechanical, transport and gas sensing properties, the interest in the study of these 

2D systems has increased significantly. Searching for new alternatives of gas sensing devices, it has been 

found that one of the most stable allotrope of phosphorus, the black phosphorous or phosphorene, is a good 

candidate for such applications. Phosphorene is a direct gap semiconductor with an energy gap of the order 

between 1 and 2 eV, high carrier mobility and armchair ridges [1]. Because of black phosphorene discovery 

the interest in the study of different allotropes of phosphorus has attracted the attention of the researchers. 

In addition to black phosphorene, it has been predicted the existence of a second allotrope, the blue 

phosphorene, which is an indirect gap semiconductor with a gap of the order of 2 eV. This 2D material 

displays high carrier mobility similar to that of black phosphorus, it has a buckled honeycomb lattice with 

zigzag ridges [2]. It is important to study blue phosphorene because it displays different electronic, sensing 

and transport properties in comparison with its counterpart, the black phosphorene. 

In this work, the density functional theory (DFT) is applied as implemented in the computational code 

SIESTA, to investigate molecules adsorption on pristine, Al- doped and a single vacancy blue phosphorene. 

Five molecules are considered to explore the efficiency and versatility of the blue phosphorene. We want to 

show that blue phosphorene may be a possible solution of different current problems, such as the 

environmental pollution and the lack of control getting sub-products in chemical processes that affect the 

human health. Results show that Al-doped blue phosphorene have stronger interaction energy than pristine 

and single vacancy blue phosphorene. Single vacancy blue phosphorene has the weakest interaction energy, 

however it displays magnetic properties. On the other hand, pristine blue phosphorene faces physisorption 

with no magnetic properties. 
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Hot electrons produced from the decay of localized surface plasmons in metallic nanoparticles have been 
studied in the last year for applications in photodetection and photocatalysis [1]. Hot electron devices consist 
typically of a metal surface in contact with a semiconductor forming a Schottky barrier [1, 2] and operate 
based on internal photoemission process (IPE). IPE enables sub-bandgap photodetection making thus silicon 
devices suitable for operation in NIR-SWIR range.  
The paper presents an improved architecture for Au/n-Si Schotky photodetector with plasmonic NPs with high 
responsivity in the range 1300-1550 nm. To allow incident light to be momentum matched and efficiently 
coupled to SPs we used nanostructured Ag or Au layers. We developed a simple process for the fabrication of 
plasmonic nanostructures without using costly and time-consuming nano-lithographic processes. The process 
is based on vacuum deposition of very thin Ag or Au layer followed by thermal annealing. A periodic structure 
composed of flattened nano-hemispheres is obtained (fig. 1).  The diameter and of the nanostructures 
depends on the initial thickness of the metal layer and the annealing and can be tuned over a large range (2-
2000 nm). The nanostructured layer acts as metamaterial absorber [2] that improves the efficiency of hot 
electrons generation. The responsivity was further improved by coupling Ag or Au nanoplasmonic 
nanoparticles with grating-like electrodes. The device spectral characteristics can be tuned by modifying the 
geometry of the metamaterial. 
The experimental devices show very high responsivities, up to 12 mA/W at 1550 nm, and 30 mA/W at 1310 
nm @ 5V applied bias, among the highest reported [3].  
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Figures 

 
 

Figure 1. AFM image of Ag NPs obtained by thermal 
annealing (250 oC,  5’) of a150 nm thick Ag layer. 

 
Figure 2. I-V characteristics in dark and under 
illumination for a Schottky Si device with Au 

interdigitated electrodes and Ag NPs (=30 nm).
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The theoretical study of the properties and structure of cement can be carried out by means of various 
molecular simulation techniques, among which the molecular dynamics method stand out, since it allows 
addressing the study of systems that, due to their chemical complexity, must be represented by a large number 
of atoms 
 
In this work, we present the results of molecular dynamics simulation of the interaction between pure or 
functionalized single-walled carbon nanotubes (SWCNTs) or multiwalled carbon nanotubes (MWCNTs) and a 
representative cement surface (figure 1). The goal is to study the influence of the functionalization type of the 
CNTs on the interaction between the cement and CNTs, in order to reinforce this interaction, achieve a good 
CNTs dispersion and improve the mechanical properties of the cement, as well as analyze the differences 
obtained between SWCNTs and MWCNT. 
 
 

Figures 
 

 
 
Figure 1. Two examples of functionalized carbon nanotubes interacting with the cement surface 
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Abstract  
 
In this study, Cu2ZnSnS4 (CZTS) thin films were deposited on ITO substrates by using single step 
electrodeposition method. CZTS absorber layers have been tried to be obtained at four different pH values 
of 4.70, 5.10, 5.70 and 6.23 which are commonly used in literature. Trisodium citrate was used as a 
complexing agent for co-electrodeposition. CZTS thin films annealed for recrystallize in stoichiometric 
kesterite structure after deposition at 580 °C in sulfur powder and N2 atmosphere for 60 min. It is clear that 
a highquality film can be obtained in cathodic potential with -1.1 V and deposition time with 2700 seconds, 
pH value with 5.7 at room temperature respectively. The structural, morphological and optical properties of 
CZTS thin films have been investigated by using X-ray diffraction (XRD), optical absorption techniques, 
scanning electron microscopy (SEM), atomic force microscopy (AFM) and Raman spectroscopy 
measurements, respectively. This indicates that quaternary co-electrodeposition method is a very 
convenient process for growth of CZTS films for the application in photovoltaic devices. 
 
 
 

117



T N T 2 0 1 9    S a n  S e b a s t i a n  ( S p a i n )  
 

 

   
 

A first principles exploration of Charge Density 
Waves in 2D Transition Metal Dichalcogenides 
 
Bogdan Guster1  
Enric Canadell2, Miguel Pruneda1 , Pablo Ordejón1 
 

1 Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona Institute of Science 
and Technology, Campus Bellaterra, 08193 Barcelona, Spain  
2 Insitut de Ciència de Materials (ICMAB-CSIC), Campus Bellaterra, 08193 Barcelona, Spain 
 

bogdan.guster@icn2.cat 

We explore by means of Density Functional Theory the electronic structure and the manifestation of Charge 
Density Wave (CDWs) in three different single-layered transition metal dichalcogenides: TiSe2, TiTe2 and 
NbSe2. Each of these materials presents a particularity from the viewpoint of behavioral spectra of 2D 
materials in the CDW phase.  
 
In the case of TiSe2 we show that the prevailing stable phase of the CDW arises from the combination of the 
phonon modes coming from the three inequivalent M points1. The effect of charge doping on TiSe2 single-
layers indicates a suppression of the CDW phase for large enough values of both electrons, respectively 
doping. 

 
NbSe2 single-layers present an unexpected CDW phase where up to six different 3x3 modulations could be 
stabilized. From these six structures, three of them are experimentally found to coexist. In opposition with 
TiSe2, NbSe2 shows a persistence of the CDW phase with doping with both electrons and holes3.  

 
Finally, for the case of TiTe2 we suggest that tensile bi-axial strain could stabilize the CDW phase starting 
from the single-layer configuration and going up to several layers2.  
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Phonons, the quasi-particles that carry heat and sound, are practically involved in all kind of mechanical, 
optical, and thermal phenomena. By micro or nano-structuring a surface, phonons can be engineered to make 
them interact resonantly with photons and achieve interesting effects such as radiative cooling, which involves 
decreasing the temperature of a body without using electricity or any other kind of extra energy input. 
Radiative cooling has gained attention recently, because modern cooling technologies are particularly energy-
consuming and a ten-fold grow in the energy demand associated to them is expected in the next 30 years, due 
to global warming. To address this global challenge, we propose a thermo-functional material that is capable 
of removing heat passively from devices or surfaces that undergo critical heating during operation. Our 
solution is based on a self-assembled single-layer array of SiO2 microspheres on a soda-lime slab. The working 
principle of the proposed cooling device is based on the interaction of the transverse optical phonons and 
equally polarized electromagnetic waves, which results in an intense evanescent field confined at the surface 
of a polar-dielectric interface. Such surface excitations, so called surface phonon polaritons (SPhP), have the 
ability to enhance thermal energy conduction [1], and, in the presence of a grating, they can be diffracted to 
the far-field as infrared thermal energy [2]. Thus, we engineer the thermo-optical properties of our device to 
remove heat and evacuate it through the transparent infrared atmospheric window, as infrared thermal 
energy to then deposit it into the outer space at 3K which acts as a heat sink. In this work, we will present how 
the temperature of a crystalline silicon wafer is lowered during daytime when the self-assembled single-layer 
cooler is placed on its surface, providing experimental evidence of above-ambient daytime radiative cooling. 
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In the interaction with a cylindrical sample, the z-component of the total angular momentum of light, m, is a 
conserved quantity, whereas other quantum numbers are not (as λ, the quantum number related to helicity). 
Importantly, this helicity-angular momentum framework has recently allowed the study of quantum light 
matter interactions in nanoholes, for N = 2 and considering states with m = 0 [1].  
 
In this work we show a generalization of this construction for N-photon states employing single photons with 
both m = 0 and also m ≠ 0. Moreover, we find that N-photon symmetry protected states, that is states that 
are protected in the interaction with any cylindrical scatterer, can be constructed in a very general way.  
 
Finally, we show examples of symmetry protected 2 and 3-photon states that can be found using input 
modes with m ≠ 0, even when the input photons are in different modes with different angular momenta. 
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Hedin's GW approximation (GWA) has gained popularity in the material science community because of its 
high quality and relatively low computational cost. A prerequisite to describe magnetic materials is the 
capability to describe systems containing unpaired electrons. In this study, we benchmark the ionization 
energy calculated by G0W0 on top of different unrestricted starting-points for small open-shell molecules 
using Dunning's correlation-consistent basis sets expanded in terms of Gaussian functions. As an alternative 
route, electron affinity of the positively charged molecules are calculated as well. Results are carefully 
compared with a variety of correlated methods including CCSD(T). 
It is revealed that G0W0 provides a systematic and accurate method to compute the quasi-particle energy 
levels of such molecules with convincing evidence of reliability similar to the case of closed-shell molecules. 
Furthermore, GWA provides a correct ordering of the molecular orbitals based upon orbital energy 
eigenvalues in consistent agreement with the Dyson orbitals. The present implementation of GWA is based 
on the use of basis sets of atomic orbitals and provides a good compromise between accuracy and 
computational expense, suitable to be applied to study magnetic materials. 
 
 

Figure 

 
 
 
Figure 1. Heatmap presentation of errors in eV obtained from the various methods using a cc-pVQZ basis with respect 

to the ΔSCF-CCSD(T) total energy difference. G0W0 results were calculated by two ways: IE of neutral molecule and EA 
of the molecule's cation (EA+). 
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The continuous miniaturization of electronics and energy storage devices are facilitating the increase of 
wearable devices and sensors. Flexible micro-supercapacitors (MSCs) are a promising and low cost power 
source for this devices, because compared with microbatteries, which are the used solution nowadays, MSCs 
presents faster charge/discharge rate, higher power density and higher cyclability [1]. In this study, a flexible, 
in-plane micro-supercapacitor with interdigitated electrodes has been fabricated. A commercial polyimide film 
has been used as the substrate, and converted to laser induced graphene (LIG) by direct laser irradiation with 
a CO2 infrared laser. This LIG is a porous 3D material that exhibits high surface area, high thermal and chemical 
stability and good conductivity [2], so it presents huge potential for electrochemical and energy storage 
applications. In order to improve the capacitance of the device, cobalt based nanostructures have been 
deposited onto the LIG by electrochemical deposition. Finally, in order to avoid costly encapsulation processes 
and possible leakages, a solid gel electrolyte have been used. 
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Figures 
 

 
Figure 1. SEM image of the obtained Laser Induced Graphene. 

 

 
Figure 2. CC curves of LIG-MSCs at different current densities. 
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DFT fails dramatically to describe strongly correlated electrons [1]. Natural Orbital Functional (NOF) theory is 
an ideal alternative to study strongly correlated electrons within one-particle theories. We show the ability of
the PNOF7 approximation [2,3] to describe static correlation effects in two-dimensional systems. Correlation 
energies obtained by using PNOF7 are comparable to those of exact diagonalization, density matrix 
renormalization group, and auxiliary-field quantum Monte Carlo calculations for the two-dimensional 
Hubbard model up to 144 electrons, which is considered the prototype to study high-temperature 
superconductors [4].For the latter, accurate results are obtained when particle-hole symmetry is broken away
from half-filling. We report energies for different spin multiplicities of the Hubbard and the quantum 
mechanical Hamiltonians by means of an approximation exempt of spin contamination effects [5]. 
Dissociation processes are studied in one- and two-dimensional hydrogen lattices.
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In the interaction with a cylindrical sample, the z-component of the total angular momentum of light, m, is a 
conserved quantity, whereas other quantum numbers are not (as λ, the quantum number related to helicity). 
Importantly, this helicity-angular momentum framework has recently allowed the study of quantum light 
matter interactions in nanoholes, for N = 2 and considering states with m = 0 [1].  
 
In this work we show a generalization of this construction for N-photon states employing single photons with 
both m = 0 and also m ≠ 0. Moreover, we find that N-photon symmetry protected states, that is states that 
are protected in the interaction with any cylindrical scatterer, can be constructed in a very general way.  
 
Finally, we show examples of symmetry protected 2 and 3-photon states that can be found using input 
modes with m ≠ 0, even when the input photons are in different modes with different angular momenta. 
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Light spin-orbit angular momentum (AM) coupling phenomena are receiving an increasing interest in 
the analysis of scattering processes from sub-wavelength objects [1]. They are of particular relevance in 
far-field optical imaging [2], where this coupling leads to significant shifts between the measured and actual 
position of particles [3], known as optical mirages for spherical scatterers [4]. Here we show that for small 
isotropic particles with electric and magnetic dipolar response, the angular scattering pattern of the spin-
orbit coupling and optical mirage is fully determined by the (measurable) degree of circular polarization 
(DoCP) at a right-angle scattering [5]. We explicitly show that the maximum AM exchange, the zeros of the 
DoCP and the maximum optical mirage do not appear at the same scattering angle. Our results open the 
possibility to infer optical properties by a single measurement of the polarization in the far-field limit. 
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Bio-based polymeric nanocomposites (NCs) were obtained by melt mixing a partially bio-based commercial 
polyamide 4,10 (PA410) with three different commercially available multi-walled carbon nanotubes (CNTs), 

namely Cheap Tubes 20-30, Nanocyl NC7000TM and PlasticylTM PA 1503 (a masterbatch based on PA6 and 
Nanocyl NC7000TM CNTs). Mechanical and electrical properties of the resulting NC systems –i.e. 
PA410/CNT(1), PA410/CNT(2) and PA410/PA6/CNT, respectively– were studied. A considerably lower 
percolation concentration (pc) (Figure 1), together with improved rigidity (Figure 2), was achieved with the 
addition of Nanocyl NC7000TM CNTs, both in the form of powder and masterbatch, in comparison to Cheap 
Tubes CNTs. The superior electrical and mechanical performance of these NCs was eventually atributted to 
the better dispersion level and the higher aspect ratio observed for Nanocyl NC7000TM nanotubes [1, 2].  
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Figures 
 
 
 
 
 
 
 
 
 
 

Figure 1. Electrical conductivity of PA410/CNT(1) NCs (○), PA410/CNT(2) NCs (x) and PA410/PA6/CNT NCs(●). 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. Young’s modulus of PA410/CNT(1) NCs (○), PA410/CNT(2) NCs (x) and PA410/PA6/CNT NCs(●). 
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Water splitting into hydrogen and oxygen is a clean, sustainable and fossil-free route to production 

of hydrogen gas, the ultimate clean energy carrier (figure 1). The oxygen evolution reaction (OER) is 

considered the limiting half-reaction in the overall process, due to its complex kinetics and large 

overpotential [1]. To develop new materials with optimized catalytic properties is one of the most crucial 

challenges towards a more sustainable way of clean and renewable energy sources. In order to achieve this 

long-standing goal, atomistic understanding of the processes taking place at the electrode-electrolyte 

interface is demanded. Here we provide structural, chemical and electrochemical characterization on 

exactly the same sample. Our customized experimental set up allows for transferring the catalyst from ultra 

high vacuum (UHV) conditions to an electrochemical cell in a controlled atmosphere. This optimized 

approach enables the direct correlation between the surface properties at the microscopic scale, -

composition and structure-, and the macroscopic response of the catalyst. 

Ruthenium oxides are promising earth-abundant catalysts for the OER in both, alkaline and acidic 

electrolyte. We explore different oxidation states of Ru surfaces, grown using two different methodologies 

under UHV conditions: direct oxidation of the metallic surface and molecular beam epitaxy of thin films of 

the oxide [2]. In situ structural and chemical characterization of the prepared Ru-oxides are carried out by 

Low Energy Electron Diffraction (LEED) and X-Ray Photoemission spectroscopy (XPS). The oxide surfaces 

previously characterized under UHV conditions are then transferred under controlled atmospheric 

conditions into the electrochemical cell for the electrochemical test. After the electrochemical 

measurements, the sample is transferred back to the UHV system in order to identify potential changes 

induced by the electrochemical process. 

 

References 
 

[1] N. B. Halck, V. Petrykin, P. Krtil, and J. Rossmeisl, Phys. Chem. Chem. Phys., 16(27),13682–13688 (2014) 
[2] B. Herd, J. C. Goritzka, and H. Over, J. Phys. Chem, 117, 15148-15154 (2013)  
 

Figures 
 
 
 
 
 
 
 
 
 
 

Figure 1. Scheme of an electrochemical cell with hydrogen evolution reaction and oxygen evolution reaction. 
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A widely extended application in semiconductor-based technology is the use of rectifier diodes in vehicles 
alternators to convert part of the mechanical energy into electrical energy1. The most common failures in 
electric alternators are due to the electrochemical corrosion of the diodes or to damages as a consequence of 
the high current that circulates through diodes, which causes a significant temperature increase2. This 
temperature increase is one of the system weakness, affecting directly to the device operation parameters. 
The multicomponent nature of diodes, which are built up by different materials (epoxies, metals and 
semiconductors) with different physical characteristics and, therefore, with different behavior, is responsible 
of the appearance of diverse damaging phenomena such as the mechanical stress generation in the device. 

This work shows the structural, compositional and physical characteristics of several diodes, currently used in 
automotive alternators. A study of the diodes has been carried out under certain working conditions which 
can lead to system failures, as well as to some phenomena allowing to understand their working mode. Some 
techniques such as confocal Raman microscopy and infrared thermography have allowed an in operando study 
of the diodes in forward biased and reverse biased conditions. The results show the device behavior at the 
interfaces, the generated stress in the different components and some system failure modes. 
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Figure 1. Thermograph of one cut diode after breakdown at reverse polarization. 
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We investigate theoretically the charge transfer dynamics of core-excited Ar on Co(001) and Fe(110). For 
these systems, recent core-hole-clock measurements [1] of the lifetime of the photo-excited 4s level of Ar* 
have shown a clear dependence on the spin of the excited electron. Minority electrons in the Ar* 4s 
resonance decay significantly faster than majority electrons. We investigate such processes using Green's 
functions techniques on top of semi-local density functional theory (DFT) calculations, explicitly including the 
effect of the coupling to the semi-infinite substrate [2, 3]. Our calculations agree with the observed behavior 
and allow analyzing in detail the origin of this phenomenon [4]. To gain a better understanding we have 
performed a detailed analysis of the energy and distance dependency of the substrate-adsorbate coupling. 
We have also considered different descriptions of the, inherently ill-defined, wave-packet describing the 
initial state of the photo-excited electron. The key ingredient behind the observed behavior is the spin-
dependence of the bandstructure of the substrate and, in particular, the very different position of the Ar* 4s 
level within the projected band gap appearing around Gamma in the dispersive bands of Co(001) and 
Fe(110) for both spin channels. 
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Figures 

 

Figure 1.  Computed first resonance above the Fermi level for 

Ar*(2p-14s) on Co(0001) for adsorption distances ranging from 2.4 

to 3.6 Å in the minority (a) and majority spin channel (c). Different 

shadings of the colored lines in the plots encode the adsorption 

heights. The energy positions of the resonance maxima are marked 

by horizontal lines with respect to the band structure of the 

Co(0001) surface in the insets, and strongly overlap with the region 

covered by band gaps around the -point. Panel (b) collects the 

linewidths (eV) of the Ar* resonances according to a  Lorentzian 

fitting of the peaks (black lines) in (a, c). The spin-dependent 

linewidths of similar Ar*-resonances on Fe(110) are also shown in 

(b). 
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We present a theoretical study of non-local magnetoelectric effects [1] in diffusive hybrid structures with an 
intrinsic linear-in-momentum spin-orbit coupling (SOC) which is assumed to be spatially inhomogeneous. 
Our analysis is based on the SU(2)-covariant drift-diffusion equations [2,3] from which we derive the BC at 
hybrid interfaces. Within this formulation, the spin current is covariantly conserved when the spin relaxation 
is only due to the intrinsic SOC. This conservation leads to the absence of spin Hall (SH) [1] currents in 
homogeneous systems. We also consider extrinsic sources of relaxation (ESR), as magnetic impurities, which 
break the covariant spin conservation, and may lead to SH currents. We apply our model to describe non-
local transport in a system with an interface separating two regions: one normal region without intrinsic SOC 
and one with a Rashba SOC. We first explore the inverse spin-galvanic effect, i.e., a spin polarization induced 
by an electric field [4,5]. We demonstrate how the spatial behavior of such spin density depends on both, 
the direction of the electric field and the strength of the ESR rate. We also study the spin-to-charge 
conversion [6], and compute the charge current and the distribution of electrochemical potential in the 
Rashba region induced by a spin current injected into the normal region. In systems with an inhomogeneous 
SOC varying in one spatial direction, we find an interesting non-local reciprocity between the spin density 
induced by a charge current at a given point in space, and the spatially integrated current induced by a spin 
density injected at the same point. 
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Intoduction  
 Paclitaxel (PTX) is a highly hydrophobic anticancer drug, therefore cremophor EL solution is 
applied for its clinical administration, which causes serious allergic reactions to the subjects after 
intravenous use [1]. Moreover, PTX implementation is limited due to non-specific distribution throughout 
the body; toxicity to healthy tissues, limiting the dose and frequency of the treatment. Drug encapsulation 
into PLGA nanoparticles (NPS) conjugated with vector molecule is a well-known strategy, allowing to rich its 
active targeted delivery and to enhance its bioavailability [2]. Thus, we developed a novel PTX PLGA 
nanoparticles conjugated with recombinant α-fetoprotein third domain (rAFP3d-NPs), which is known as a 
tumor-specific biomarker [3]. 
Methods 
 In pharmacokinetics experiments 180 female Wistar rats were randomly divided into three groups, 
each group being received 6 mg/kg of paclitaxel injection through tail vein in the form of rAFP3d-NPs or PTX 
cremophor EL solution. At certain time points after dosing, blood samples were collected and organs were 
harvested followed by extraction and HPLC analysis. 
Results  

Favorable chromatography conditions allowing the baseline separation of the analyte with the 

internal standard and other exogenous materials were developed and the HPLC method was validated. All 

the PTX formulations demonstrated a gradual declining trend after reaching maximum of the 

concentrations. Pharmacokinetics parameters such as AUC(0−∞) and t 1/2 were 3 times higher for rAFP3d-NPs 

with low clearance rate, compared with PTX cremophor EL solution, indicating longer retention of PTX in 

systemic circulation. In addition, accumulation of rAFP3d-NPs was predominantly observed in liver and 

spleen over a period of 12 hours.  

Conclusion  

А simple and effective HPLC method was provided for the determination of rAFP3d-NPs in rats with 

good accuracy and precision. Novel PTX delivery system demonstrated prolonged release profile, when 

compared with PTX cremophor EL solution.  Our findings indicate an increase in PTX bioavailability and 

pharmacokinetics profile improvement and also are the basis for determining the optimal dosing regimen in 

rAFP3d-NPs further studies on immunodeficiency models in vivo. 
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The wide range of nanoparticles of different composition, size, and shape developed on demand requires a 
full and reliable characterization of their physicochemical properties.[1] In this context, UV-Vis spectroscopy, 
light scattering, and electron microscopy are the most commonly used techniques. However, each technique 
has its inherent limitations and strengths. In this regard, it is necessary to develop new techniques that either 
overcome the limitations of the existing techniques or can be used in combination with them to verify the 
obtained results. Taylor-Aris dispersion analysis (TDA) is an absolute technique initially developed to 
determine the apparent size of proteins and polymeric particles.[2] Recently, it has been demonstrated that 
silica nanoparticles and superparamagnetic particles can be successfully characterized by TDA.[3][4] Relying on 
the fact that detection by TDA is based on absorption, herein we demonstrate that the size of spherical and 
anisotropic metallic nanoparticles can be determined by TDA. In order to prove the versatility of the technique, 
we also analyzed gold-silver mixtures. Results were compared with data obtained by polarized and depolarized 
light scattering (DLS and DDLS) and transmission electron microscopy (TEM). 
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Abstract 
 
XRF (X-ray Fluorescence) is a powerful technique for elemental analysis. The lateral resolution is given by the 
excitation beam diameter in classical XRF configuration or by the characteristics of the optics used for 
fluorescence signal collection in the case of confocal XRF. We have developed a software to estimate the 
ultimate lateral resolution which could be reached in XRF analysis as a function of source brightness by 
calculation of the collected signal magnitude. These calculations are based on the finite element method. To 
check the simulation data pertinence, we have developed an XRF test-bed using an Rh-target low power 
source (figure 1). A polycapillary lens is used to tightly focus the primary beam and the sample X-ray 
fluorescence is collected through a cylindrical capillary [1]. Both capillaries are positioned in a confocal type 
configuration. The influence of the capillary radius, length and working distance on the fluorescence signal 
magnitude collection is investigated. Simulations allow to predict the ultimate limit of the technique in terms 
of lateral resolution. Further measurements replacing cylindrical capillary by elliptical capillaries are 
presented. 
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Figure 1. Test bed for simulation results validation 
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Boronic acids represent a powerful tool for the construction of nano-
architectures. The reversible interactions that boronic acids can take part 
in can be used in many fields like self-assembly, self-healing materials, 
sensing and chemical synthesis [1].  In the present work we have 
characterized the on-surface synthesis of boroxine based nanostructures 
on the Au (111) surface, using the naphthyl boronic acid (NBA) as 
precursor. XPS, NEXAFS and STM measurements gave us a clear view of 
the chemistry and morphology of the molecular assemblies as a function 
of the substrate temperature. This study revealed that increasing the 
sample temperature different synthesis process are activated, which lead 
to the formation of molecules with increasing size and different chemical 
properties (figure 2). The main reaction we observe, that occurs already at 
RT, is the condensation of the boronic terminations and the formation of 
boroxinated trimers (TNB in figure 1).  An interesting feature of the 
condensation reaction which leads to boroxine (B3O3) rings is that it is fast 
and reversible, indeed B-O covalent bonds can be formed and broken 
reversibly under equilibrium control. This opens the possibility of 
constructing molecular architectures with reversible structural elements. 

Furthermore, increasing the sample temperature boroxine rings tend to 
form covalent bonds with nearby boroxines giving rise to more extended 
molecular assemblies (Figure 2).  The dynamic nature of B-O covalent 
bonds allows to build robust nanostructures whose dimensions and 
electronic properties are tuned simply varying the sample temperature. 
In addition to the structural function of boroxine rings, our research 
group has recently shown many interesting electronic properties of 
boroxines and the possibility to create a 2D material entirely made up of 
boroxine rings [2][3]. 
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Figure 1. Experimental STM images  
after NBA deposition at 330 K. The whole 
surface is covered by clover like structures, 
i.e.  Tri-Naphthyl Boroxine molecules. 

Figures 
 

Figure 2.  
B1s XPS taken in differently prepared 
systems, i.e. different sample 
temperature depositions. 
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Advances	
  in	
  electron	
  microscopy	
  have	
  enabled	
  the	
  study	
  of	
  metal	
  nanoparticles	
  with	
  subnanometer	
  spatial	
  
resolution,	
   providing	
   a	
   powerful	
   tool	
   for	
   characterizing	
   plasmonic	
   excitations	
   [1].	
  Most	
   theoretical	
   works	
  
describe	
  the	
  nanoparticles	
  as	
  spherical	
  objects,	
  although	
  electron	
  energy	
   loss	
  spectroscopy	
  (EELS)	
  which	
   is	
  
sensitive	
  to	
  the	
  shape	
  of	
  the	
  target,	
  reveals	
  the	
  influence	
  of	
  atomic	
  scale	
  features	
  and	
  faceted	
  boundaries	
  in	
  
the	
  loss	
  spectra.	
  
We	
  performed	
  calculations	
  of	
  the	
  EEL	
  probability	
  in	
  isolated	
  icosahedral	
  clusters	
  composed	
  of	
  380	
  Na	
  atoms	
  
using	
  both	
  and	
  an	
  efficient	
  atomistic	
  ab-­‐initio	
  TDDFT	
  code	
   [2],	
  and	
  a	
  continuous	
  classical	
  BEM	
  [3]	
  method	
  
within	
  a	
  local	
  dielectric	
  framework.	
  Three	
  different	
  shapes	
  were	
  considered	
  for	
  the	
  latter	
  (radius~2	
  nm),):	
  a	
  
sphere,	
   a	
   regular	
   icosahedron,	
   and	
   a	
   smoothed	
   irregular	
   icosahedron	
   resembling	
   the	
   electron	
   density	
  
landscape	
  obtained	
  within	
  atomistic	
  TDDFT.	
  
The	
  results	
  prove	
  a	
  high	
  dependence	
  of	
  localized	
  surface	
  plasmons	
  (LSPs)	
  on	
  the	
  shape	
  of	
  the	
  particles	
  and	
  
the	
  particular	
  trajectory	
  of	
  the	
  electrons	
  and	
  the	
  failure	
  of	
  the	
  classical	
  description	
  to	
  address	
  the	
  spectral	
  
structure	
   of	
   confined	
   bulk	
   plasmons	
   (CBPs).	
   We	
   use	
   an	
   additional	
   spherical	
   hydrodynamic	
   model	
   [4]	
   to	
  
analyze	
  the	
  CBP	
  excitations	
  obtained	
  in	
  the	
  TDDFT	
  calculations.	
  These	
  findings	
  bear	
  out	
  the	
  importance	
  of	
  a	
  
proper	
  consideration	
  of	
  the	
  atomic-­‐scale	
  shape	
  of	
  nanoparticles	
  in	
  EEL	
  spectroscopy,	
  while	
  highlighting	
  the	
  
strengths	
  and	
  limitations	
  of	
  classical	
  approximations	
  to	
  nanophotonics.	
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Figure	
  1.	
  EEL	
  spectra	
  calculated	
  for	
  a)	
  a	
  Na380	
  cluster	
  with	
  TDDFT	
  and	
  b)	
  an	
  smoothed	
  irregular	
  icosahedron	
  with	
  BEM.	
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Re-activation of the healing process is a major challenge in the field of chronic wound treatment. For that purpose, lipid-

nanoparticles, especially nanostructured lipid carriers (NLC), possess extremely useful characteristics such as 

biodegradability, biocompatibility and long-term stability, besides being suitable for drug delivery [1]. Moreover, they 

maintain wound moisture due to their occlusive properties, which have been associated with increased healing rates. In 

the light of above, NLC have been extensively used topically for wound healing; but to date, there are no safety-preclinical 

studies concerning such type of application. Thus, in this work, biodistribution studies were performed in rats with the 

NLC previously developed by our research group, using technetium-99m (99mTc-NLC) as radiomarker, topically 

administered on a wound. 99mTc-NLC remained on the wound for 24 h and systemic absorption was not observed after 

administration (Figure 1). In addition, toxicological studies were performed to assess NLC safety after topical 

administration. The results obtained demonstrated that NLC were non-cytotoxic, non-sensitizing and non-

irritant/corrosive. Overall, it might be concluded that developed NLC remained at the administration area, potentially 

exerting a local effect, and were safe after topical administration on wounds. 
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Figures 

 
Figure 1. 3D images of the SPECT/ CT studies at 1 hour (A) and 24 hours (B). The three rats in the upper part of the image were treated 
with 99mTc-NLC on the wound area (red arrow), producing a stable signal over time. The three rats at the bottom of the image were 
control animals receiving free 99mTc on the wound. The green arrows indicate the stomach area, more evident at early times, and the 
blue arrows point to the large intestine. 
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The advent of 2D materials into the scientific (and technological) arena has been an interesting development 

during the last decade. Understanding nanoscale heat transport phenomena in these materials is of great 

importance, as it has an impact on the fields of photonics, thermoelectrics, and photodetection. Nevertheless, 

the phonon transport in these 2D materials is not explored to the same extent that their electrical and optical 

properties have been. Here we use the method of mechanical exfoliation to get large, atomically thin layers 

of MoSe2, which are suspended over holes large than 10 microns. For exfoliation, we use PDMS stamps and 

blow with a nitrogen gun for better contact between the substrate and the non-suspended part of the flake. 

It is necessary to prepare free-standing, suspended MoSe2 flakes, in order to avoid out-of-plane heat sinking 

into a supporting substrate. In large (>10 microns) suspended flakes, we often observe wrinkles at the time of 

transferring or after storing the sample in ambient conditions. We found that these wrinkles can be removed 

by a heating cycle (150 ºC for 30 min). 

These suspended MoSe2 samples are investigated using optical methods to study their intrinsic thermal 

properties. Two complementary optical techniques: Raman thermometry [1] and ultrafast spatiotemporal 

mapping [2], are used in our experiment. These two techniques probe different heat transport parameters – 

thermal conductivity (κ) and diffusivity (D) respectively – and therefore both separately, and together they 

provide information regarding the heat transport in the system. Raman thermometry uses a CW laser to assess 

the temperature-dependent Raman shift of the A1g peak, and then the information on thermal conductivity is 

extracted by fitting the temperature profile. Using ultrafast spatiotemporal mapping, we combine spatial (~20 

nm) and temporal (~200 fs) resolution for the study of heat carrier dynamics. Here we vary both time delay 

as well as spatial displacement between two femtosecond laser pulses to obtain the diffusivity of the sample. 

Our preliminary data show an agreement between the obtained transport parameters and with literature [3]. 

We further discuss our ongoing efforts on determining the different parameters that can affect thermal 

conductivity and diffusivity of suspended MoSe2 crystals of varying thickness. 
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In last years, enormous research has been focused on two-dimensional (2D) nanomaterials due to their 

attractive physical properties and various technological applications. Recently, two-dimensional (2D) boron 

sheets named as borophene have been synthesized on silver surfaces [1-2]. Borophene exhibits various 

structural polymorphs, all of them metallic and highly anisotropic. However, pristine borophene is inherently 

non-magnetic, which limits its use for spintronic applications. Several approaches can be used to induce 

magnetic properties in borophene. For example, the adsorption of 3d transition metals (TM) or the 

patterning of borophene into 1D strips, named as borophene nanoribbons (BNRs) [3-4]. 

In this work, by using density functional theory (DFT), we investigate the changes in the electronic and 
magnetic properties of one of the polymorphs of borophene, called β12, when TMs are adsorbed on it. Our 

calculations show that the electronic structure and the magnetic properties of borophene can be tuned by 
3d TM atom adsorption, as shown in Figure 1. Based on the results for TM adsorption on extended β12, the 

electronic transport properties of pristine and TM-doped β12-BNRs will be explored. Our findings will be 

useful for the design of future borophene based spintronic devices. 
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Figure 1. Density of states (DOS) of (a) pristine and (b) Mn doped borophene. The inset in (b) shows the spin density 

(ρ↑−ρ↓) isosurface distribution (0.0005eV/Å3) 
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One of the most promising approaches for realizing the quantum anomalous Hall effect is the magnetic 
extension of topological insulator [1]. To date, a number of promising systems have been proposed, based 
on topological insulator (TI) and magnetic thin films. The magnetic insulator in such a system has to satisfy a 
number of conditions. It has to have the same crystal structure as the TI, while its lattice parameter and 
work function should be close to those of the TI. In such a case, the heterostructure is guaranteed against 
appearance of harmful trivial interfacial states that could make the system spectrum gapless. 
 
The thallium-based TIs ТlАX2 (A = Sb, Bi, X = Se, Te) family has been discovered in 2011. However, a suitable 
isostructural magnetic insulator to form a magnetic extension has not been reported so far. In this work, by 
means of ab initio calculations we have studied magnetic and electronic structure of lanthanide-containing 
thallium dichalcogenides ТlLnX2 (Ln = Gd, Eu, X = Se, Te) in order to check whether these materials are 
suitable to be a magnetic extension of the thallium-based TIs. Our results indicate that the intralayer FM 
ordering is favorable for TlEuTe2, while for other three compounds a noncollinear antiferromagnetic 120° 
structure has the lowest energy. The gadolinium-based compounds were found to be semiconductors, while 
the europium compounds are metals, which, however, show a band gap in the conduction band. 
 
Although the semiconducting systems studied here do not show desirable ferromagnetic order, the weak 
intralayer magnetic coupling theoretically makes it possible to control magnetic order by means of the 
external magnetic field. For example, the quantized Hall effect [2-3] has been measured in the MnBi2Te4 
antiferromagnet that has been drive in the ferromagnetic state by the external magnetic field.  

This work was funded by Russian Foundation for Basic Research within the research project № 18-32-00728. 
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The lack of p-type electrical conductivity in ZnO emphasizes the importance of the study of hybrid 
heterojunctions. Among different p-type materials, copper oxide is a good candidate to create a p-n 
heterojunction with ZnO with a broad application potential in different optoelectronic devices. The main 
advantage of copper oxide is nontoxicity, low market price, and high absorption coefficient. The combination 
of p-type copper oxide and n-type zinc oxide appears promising for the implementation in photovoltaic devices 
with copper oxide as an absorbing layer and wide band gap zinc oxide as a windows layer. Another application 
area is gas sensing; however, metal oxide sensors suffer from poor selectivity. The selectivity can be enhanced 
by the fabrication of p-n junctions between different metal oxides. 

In this work we present a cost-effective technology for the preparation of coper oxide/zinc oxide 
heterojunctions. The p-n heterojunctions were fabricated by sputtering of a metallic Cu thin film on top of 
solution grown ZnO nanorod arrays followed by thermal annealing at 400°C. Structural, morphological, and 
optical properties of both copper thin films and zinc oxide nanorod arrays were studied. The electrical 
properties of the junction were investigated by current-voltage and impedance spectroscopy measurements. 
Electrical characteristics of these junctions are sensitive to gas mixtures with a low hydrogen concentration 
and show fast response and recovery time. The copper oxide/zinc oxide heterojunction is shown to be more 
efficient to hydrogen detection at room temperature in comparison with the resistivity sensor based on zinc 
or coper oxides. 

This work was supported by the Czech Science Foundation project 19-02804S. 

 
Figures 

 

 
Figure 1. Top-view and cross-sectional SEM images of 
(a) ZnO nanorods; (b) copper oxide/zinc oxide 
heterojunction. 

Figure 2. The room temperature transient response 
measured at -0.1 V. Type I - resistivity sensor based on 
copper oxide; Type II - resistivity sensor based on zinc oxide 
nanorods; Type III - copper oxide/zinc oxide p-n 
heterojunction sensor.         
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Introduction 
Non-invasive specific diagnosis of tumor diseases can be achieved by using imaging technics like MRI 

with contrast agents. Low-molecular contrast agents, suffer from rapid elimination from blood vessels, 
leading to a rapid decrease in the concentration of the substance. In this regard, it is required to apply higher 
concentrations of contrast agents, which increases the cost and toxicity of the procedure [1]. For this 
purpose, it is more suitable to use high-molecular contrast agents, like polyamidoamine (PAMAM) 
dendrimers with conjugated chelated forms of Gd(III) on its surface. The use of dendrimers which have a lot 
of terminal surface groups makes it possible to conjugate a large number of chelate groups on the surface, 
increasing the local concentration of the contrast agent, which greatly increases the relaxation and 
effectiveness of contrast agent [2]. For more selective tumor contrast, vector molecules which are directed 
at overexpressed tumor markers on the surface of cancer cells, such as alpha-fetoprotein (AFP) [3], may be 
used.  

Materials and Methods 
PAMAM-DOTA conjugate were synthesized using PAMAM-NH2 dendrimers (generations G2 and G3) 

and DOTA-NHS ester. Conjugation of vector molecule (third domain of AFP (3DAFP)) were done through 
carbodiimide intermediate.  Size and zeta-potential of both products (DOTA-PAMAM G2.0 and DOTA-
PAMAM G3.0) were characterized by dynamic light scattering (DLS) and electrophoresis. The number DOTA 
groups conjugated onto each dendrimer surface were determined by 1H NRM and MALDI-TOF. After 
chelation the amount of gadolinium were determined by atomic-emission spectroscopy. Specific and non-
specific interaction between cells and dendrimers were tested in vitro on MCF-7 and SCOV-3 cell lines. 

Results 
Synthesized DOTA-PAMAM G2.0 and DOTA-PAMAM G3.0 had an average diameter of 6 to 18 nm and 

zeta potential in range from +33.8±5.12 mV to -21.8±2,48. The results of 1H NRM shows expected level of 
DOTA to dendrimer surface and atomic emission spectroscopy data reveals chelation of Gd(III) ions by all 
DOTA groups. The results of non-specific interactions between PAMAM-DOTA-Gd(III) showed increase of 
dendrimer binding to cell surface with high positive surface charge, negatively charged macromolecules 
showed reduced binding. At the same time, negatively charged dendrimers conjugated with 3DAFP showed 
increased specific binding and accumulation in MCF-7 and SCOV-3 cell lines. 

Conclusion 
Non-specific interactions of PAMAM-DOTA-Gd(III) greatly depends from zeta potential of 

macromolecule. Dendrimers with more positive zeta potential binds to the cells non-specifically due to 
negative charge of cell walls. Negatively charged dendrimers interact with cells less but with addition of 
vector molecule specifically binds to tumor cells without non-specific binding. This work was supported by 
the grant of Russian Foundation for Basic Research (No. 18-29- 09022\18). 
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