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Simó Schwartz Jr 
Universitat Autònoma de Barcelona (UAB), Spain

Extracellular Vesicles (EVs), comprising microparticles, exosomes and other secreted vesicles, are 
naturally occurring delivery systems produced by most celltypes. EVs have been described as fully 

biocompatible submicron-sized vehicles with high transfection capacity and low immunogenic responses, 
especially when produced in autologous systems. In this work, we propose the use of EV as direct delivery 
platforms for proteins defective in lysosomal storage disorders (LSD).

LSDs are congenital rare diseases caused by the lack or malfunction of a lysosomal protein, mainly enzymes. 
Note worthy, most LSDs are currently treated with enzyme replacement therapy (ERT). This approach is 
based in periodic intravenous infusions of human recombinant enzymes. Nevertheless, as in other protein 
therapeutics, ERT has important drawbacks, including poor bio distribution, low enzyme half-life, inability 
to cross the blood brain barrier and high immunogenicity, which often limits it efficacy.

In this scenario, we isolated and characterized EVs from a CHO cell line over expressing the alpha-
galactosidase A (GLA), the defective enzyme in Fabry disease, with a myc-his tag (cmychis). In our hands, 
EVs containing GLA (EVs-GLA) were rapidly uptaken by target cells and driven directly to the lysosomes, 
where the exogenous GLA enzyme could restore lysosomal functionality. Indeed, the GLA in EVs had a 
higher specific activity (6-fold) and greater efficacy reducing the Gb3substrate accumulations (3-fold) than 
the free GLA enzyme or the Algasidase alfa in clinical use. Tolerability and biodistribution assays showed 
that intravenously administered EVs accumulate mainly in liver and spleen but also in kidneys, without 
causing any deleterious side-effect. Finally, GLA knock-out mice treated with EVGLA showed a greater Gb3 
reduction in plasma and kidneys compared to those receiving free GLA or Algasidase alfa. Additional assays 
are being conducted to test the blood brain barrier crossing and the generation of auto-antibodies in EV-GLA 
treated mice compared to their controls. Studies have been also extended to other LSD, such Sanfilippo, with 
promising results.

Overall, our results demonstrate that EVs from cell lines over expressing lysosomal enzymes work as natural 
drug delivery systems for LSD, improving the stability and the efficacy of the cargo. 
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Biography: Director of CIBBIM-Nanomedicine (www.cibbim.eu), a research center focused on new biomedical 
nanotechnology-based applications. Director Assistant in Basic Research at the Valld’Hebron Research Institute, Barcelona.
Deputy director of CIBER-BBN, a center of national excellence in the field of nanotechnology and nanomedicine. Co-founder 
and Science Advisor of ARGON Pharma SL, and former member of the editorial Board of Nanomedicine-NBM and Eur. J. 
Nanomedicine. External science advisor of the European Nanomedicine Characterization Laboratory (EU-NCL). Holds 14 
patents, most transferred to leading companies of the biotech and pharma sectors and coauthors more than 90 papers in high 
impact factor journals. Honorary Board member of Precision Nanomedicine journal, he also acts as coordinator and partner of 
several research international EU projects involving SME’s and large Pharma companies. Coordinator for technology transfer at 
CIBER-BBN, he was recently appointed as President of the European Society of Nanomedicine and Executive Board member of 
the International Society of Nanomedicine.                                                                  

simo.schwartz@vhir.org
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Mònica Mir* and Josep Samitier
Institute for Bioengineering of Catalonia (IBEC), Spain

The accumulation of iron in form of magnetite nanoparticles with amyloid peptide is a key process in 
the development of Alzheimer’s disease (AD). However, the origin and role of magnetite inside the AD 

brain is still unclear.

We have investigated the interaction between these important players in AD with superconducting quantum 
interference, scanning electron microscope, surface plasmon resonance, and magnetic force microscopy. 
The results support the notion that the magnetite-Amyloid β complex is created before the synthesis of the 
magnetic nanoparticles, bringing a highly stable interaction of this couple. The capacity of amyloid peptide 
to bind and concentrate iron hydroxides, the bases for the formation of magnetite, benefits the spontaneous 
synthesis of these nanoparticles thanks to the catalysis of amyloid peptide. This symbiotic interaction between 
amyloid and magnetite helps in the Fe2+ stabilization as well contributes to the aggregation of amyloid 
monomers to fibrils. A neuronal culture model was used to monitor the changes in spontaneous activity 
and effective connectivity in amyloid-magnetite affected cultures. The activity of controls was compared 
in parallel with magnetite, amyloid and magnetite-amyloid complex. A clear spontaneous degradation of 
neuronal activity is only observed with the amyloid-magnetite dose, disrupting neuron network communities. 

Our results demonstrate that magnetite nanoparticles have a more prominent role in this disease, than the 
previously assigned in the literature, which could help in a better understanding of this neurodegenerative 
disease and in the development of new AD treatments. 

Biography

Dr. Mònica Mir received the Degree in Chemistry from University Rovira i Virgili, Spain in 1998. In 2006 she received her PhD 
in biotechnology in the same University. She realized different predoctoral stages at the Institute of Microelectronic in Demokritos, 
Greece, University of Bath, UK and National Hellenic Research Foundation, Greece. From 2007, she held a postdoctoral position 
in Max Planck Institute for Polymer Research, Germany. Since 2008, she joins the Institute for Bioengineering of Catalonia 
(IBEC), Spain as Senior CIBER researcher, combined with her teaching as associate professor in the University of Barcelona. 
Along her carrier she was managing European, National and industrial research projects, supervising PhD ad Master students 
and collaborating in congresses organization as coordinator and scientific committee. Her main scientific interests are focused on 
electrochemical biosensor, integrated in lab-on-a-chip and point of care technologies, implantable sensors, organ-on-a-chip for 
biomedical applications.

mmir@ibecbarcelona.eu
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Jeremiah J Rushchitsky 
S.P. Timoshenko Institute of Mechanics, Ukraine

Two basic features of continuum description of nanocomposite materials are discussed in the framework 
of structural mechanics of materials. First a continuum as a basic notion in mechanics of materials 

is considered, where the principle of continualization is stated and the notion of representative volume 
is introduced. Then some facts from the theory of composite materials are shown and commented. It is 
noted that the composite materials are thought as the structurally inhomogeneous continuums and can be 
studied within the continuum approach, when the concrete problems are solved mathematically with aim 
of differential equations. The first feature is formulated as invalidity of the principle of continualization in 
some types of nanoformations used as fillers in nanocomposite materials. It is stressed that the approach 
to materials based on principle of continualization was re-comprehended in twenty century, when the 
mechanics of composite materials was throve. First of all, the importance of internal structure of materials 
was accepted and the geometrical parameter was introduced, which characterizes the mean value of minimal 
diameters of granules for materials of granular structure, minimal diameters of cross-sections of fibers 
for materials of fibrous structures, minimal thicknesses of layers for materials of layered structure. This 
resulted in division of the mechanics of materials on macro-,meso-, and micro-mechanics. A progress in 
nanotechnologies made possible the development of theoretical analysis of nanocomposite materials. It 
is concluded that continualization of nanoformations seems problematic in many cases and their physical 
properties both evaluated and determined from the indirect tests should be considered critically. The second 
feature is stated as necessity of transition from the two-component structure to the three-component structure 
of nanosized composite materials. Also, the kind of nano-composites is considered, which need the four-
component models. Both features are commented and accompanied by examples. 

Jeremiah Rushchitsky

Professor Jeremiah Rushchitsky is working as the Head of Department of Rheology at S.P. Timoshenko Institute of Mechanics 
(Kyiv, Ukraine) and Professor of Mathematics at Igor Sikorsky Kyiv National Technical University. He is Member of the National 
Academy of Sciences of Ukraine, Representative of Ukraine in the International Union of Theoretical and Applied Mechanics 
(IUTAM), Honorary Professor of University of Aberdeen etc. His scientific results are related to mechanics of materials (theory 
of elasticity, theory of visco elasticity, theory of piezo elasticity, theory of solid mixtures), linear and nonlinear wave theories 
(harmonic and solitary waves), wavelet analysis as applied to mechanics of materials, macro-, micro-, and nano-mechanics of 
composite materials. J. Rushchitsky is theauthorof560publications, including16 books and text-books. He is well-known in the 
international community of mechanicians. For example, his e-book “Theory of Waves in Materials” is downloaded about 700,000 
times.

rushch@inmech.kiev.ua
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Pierre Saint-Grégoire
Collaborating Academics, France

Framework structure crystals revisited

So called Framework structures (FWS) are crystalline materials in which there exist atomic or ionic 
rigid units that are strongly linked to each other. The most known example is that of perovskites 

where the corresponding units are octahedra that share corners. The parent  crystalline structure is 
cubic, but there exist in nature different structural arrangements with different symmetries, as in 
Aurivillius phases, in layered perovskites, or in tungsten bronzes where octahedra are organized in 
such a way that the symmetry is lower. Units may also be tetrahedral as in quartz-like materials or 
in silicates. The framework structures, generally built of rigid AXnpolyhedra linked by common 
vertices (or edges) attract much attention for several reasons: many mineral-forming compounds 
widely spread in the Earth crust belong to this family; many FWSs exhibit phase-transition 
behaviour under temperature or pressure variation; many FWSs are ferroic or multiferroic materials, 
some of them exhibit anomalous thermal dilatation properties; many crystalline materials with 
interesting applications in various domains, belong to this family. The number of phases and crystal 
symmetries encountered in FWSs is considerable and may be understood by models of tilting rigid 
units.Linkage of the units by common vertices or edges allows the units to accomplish concordant 
rotations without internal deformation. Such deformations give rise to the soft phonon modes called 
Rigid Units Modes (RUMs). Condensation of a RUM can trigger the symmetry breaking structural 
transformation which results in emergence of a new structure with tilted polyhedra.

In this review we introduce the main crystal phases belonging to the FWS and present the analysis 
of RUMs in some of them. We show that there exists a new type of excitation called maximally 
localized RUMs (MLRUMs), that allows a better understanding of these materials.

Biography:

Pierre SAINT-GRÉGOIRE has been researcher in CNRS (National Centre for Scientific Research), France - Montpellier 
university and Toulouse (CEMES laboratory) before reaching a position of professor (Toulon and Nîmes universities). He was 
also involved in Africa as professor and special adviser of african ministers for high education and research for development. He 
works in the fields of structural phase transitions, incommensurate phases, ferroic materials, and materials for photovoltaics. He 
is now the president of the NGO Collaborating Academics. Defensor of academic freedom, he is also convinced that « Science is 
the motor of development, and knowledge is a powerful tool against poverty », and is nowadays fully involved in international 
collaborations, development, scientific communication, and open scientific edition.

pstgregoire@gmail.com
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Perforated composites: Manufacturing, modelling, and industrial application

Perforated metal panels are currently used in many industries and applications including sound absorbing 
engine components, leading edge de-icing systems and blast protection panels. Due to the increasing 

demand for ever more lightweight components, the aerospace industry in particular is trying to exploit 
composite materials. Perforations of composite materials are currently done using the conventional machining 
techniques such as drilling and abrasive water jet cutting. However, these techniques cut the load bearing 
fibres and reduce the efficiency of the composite around the holes.

A project funded by TWI’s Member Companies aims to exploit the benefits of thermoplastic composite 
materials for perforated structures; a continuation of the Thermally Assisted Piercing (TAP) process that 
was developed by TWI in 2016 as an innovative mechanical fastening technique. Mechanical testing of 
the TAP composite specimens indicated superior mechanical properties compared to the drilled composite 
specimens.

The new process, “Multiple Piercing Perforation Technique,” has the potential of making hundreds of small 
holes at a time in a thermoplastic composite structure, with fibres displaced around the holes instead of being 
cut. Mechanical testing and NDT techniques have been used to compare the specimens to the drilled ones.
In parallel to the manufacturing process, Abaqus is used to generate a finite element model of the process. 
Modelling is a very crucial part of the project, and a 2-D model of the microstructure of the perforated 
composite has been made. By employing the model information regarding the spatial distribution of the 
fibres around the holes can be obtained, enabled simulation of the performance of the perforated structure 
in service. Thus, the time to design the perforated component, and it manufacturing process, will be greatly 
reduced and the full potential of the thermoplastic composite material can be exploited.

Biography

Chris Worrall is a Principal Project Leader at TWI responsible for composites joining, manufacture, processing and testing. He is 
a metallurgy and materials science graduate, with a PhD in the impact of composite sandwich materials. Chris has spent ten years 
in Japan working in the automotive, aerospace, renewable energy and rail transport industries. Before leaving the UK, he worked 
in a research laboratory on the processing of novel thermoplastic composite materials, improving the toughness of composites, 
and developing test methods for composite materials. His 30 years of composites experience covers composite-to-metal joining, 
electromagnetism & dielectric characterisation, mechanical testing of composite materials, finite element analysis, design of 
composite structures, and manufacturing technology for composite materials. Chris is part of the Surflow™ team at TWI that 
recently won the Composites UK Innovation award.

chris.worrall@twi.co.uk
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The design of a modern tungsten carbide grades for cutting applications

Industrial cutting tools used for various turning, drilling and milling operations are available in a large variety 
of geometries and materials choices. For high performance machining operations, the most commonly used 

material system is coated cemented carbide which has a unique combination of wear resistance, toughness, 
heat resistance and chemical stability and is available at an affordable price. The combination of substrate 
material, coating material, different surfaces treatments, each connected to certain process parameters, is 
often referred to as the tool grade. For any specific application and tool geometry the material choice is of 
high importance. Choosing the correct grade for a certain application is in many cases crucial in order to 
have functional and economical manufacturing processes. The wear mechanisms and demands on the tools 
differ significantly depending on the type of operations, machined material, cutting conditions, machine and 
the tools micro- and macrogeometry In high speed turning operations under stable conditions, the tools are 
subjected to high temperatures which in turn can trigger plastic deformation and chemical reactions between 
the tool and the work piece material. On the other hand, under unstable conditions or heavily interrupted 
cuts, other wear mechanisms are often dominating. Under these conditions, the dominant mechanisms are 
often related to the thermal cycling, edge fatigue and different chipping phenomena. In this paper, the designs 
of modern tool grades are discussed. Optimal material choices are suggested, and examples of different 
operations with corresponding wear types are presented.

Biography

Johan Böhlmark is the Group R&D Manager at Lamina Technologies in Switzerland. He holds a PhD in thin film physics from 
Linköping University, Sweden. The area of research was within High Power Impulse Magnetron Sputtering (HIPIMS), with special 
focus on plasma characterization. During 2006 – 2008, Johan was the CEO of a start-up company named ChemfiltIonsputtering 
AB, that developed and sold power supplies for HIPIMS processes. In 2008, he joined the Sandvik Coromant organization, where 
he for the next 8 years worked within R&D of industrial cutting tools. Johan held several different positions, such as project 
manager and R&D Manager. In 2016 he accepted a position as Business Advisor for Umea University Holding AB. Since 2018 
he is in his current role at Lamina Technologies.

 j.bohlmark@lamina-tech.ch
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Mass Spectrometry for characterization of nano materials: Applications, problems and 
perspectives

Josef Havel1,2*

1Masaryk University, Brno, Czech Republic
2St. Anne’s University Hospital, Brno, Czech Republic

Statement of the problem: Mass spectrometry, especially Matrix Assisted Laser Desorption 
Ionisation (MALDI) Time Of Flight (TOF) Mass Spectrometry (MS) is the key instrumental 
technique for characterization of biological samples in proteomics, biological and medicinal 
sciences and itis well established and extensively used while MS of inorganics or nanomaterials is 
not so frequent and well developed. Matrices are seldom and LDI is mostlyapplied.

The aim is to overview and evaluate theuse of MS for characterisation of nano materials (nano 
particles) andto discuss the advantages/ problemson selected examples: 
(i) Generation, characterization, analysis and use of nano-particles
(ii) MS of chalcogenide glasses,high-density phase-change memories materials, especially (iii) 
Laser ablation synthesis using mass spectrometer as a kind of synthetizer (iv) Generation and use 
of clusters of monoisotopic elements for calibration in MS and characteriation of the composites.

Fig. 1 shows scheme of MS analysis, Laser Ablation and/or LDI of nano-materials.

Findings: LDI TOF MS is suitable method to generate and characterize clusters whilevia computer 
modeling isotopic patterns can be resolved. Composition of clusters represents structural fragments 
of the materials and mass spectrometer can be considered as a kind of efficient synthetizer.
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Biography: 

Prof. Josef Havel, since 1990 full univ. professor in Analytical Chemistry at Masaryk University, Brno, Czech Republic, Head of 
MALDI TOF MS laboratory. He is mostly involved in MALDI TOF mass spectrometry of both organic and inorganic materials, 
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Formation of self-assembled structures in epoxy nanocomposites: Effect of graphene 
oxide modification

Ivan Kelnar*, Miroslav Janata, Sabina Krejčíková
Academy of Sciences of the Czech Republic, Czech Republic

It is now well accepted that application of different rigid nanoelements (NF) is effective especially 
in multicomponent polymer systems due to simultaneous structure-directing effects, e.g. ability 

to replace polymeric compatibilizers. As a result, the role of NF is more complex and can result in 
enhancement of all basic mechanical parameters. Even more effective can be formation of complex 
morphologies improving mechanical energy dissipation at impact. Recently, the best parameters 
of nanocomposites were achieved with graphene and graphene oxide (GO) that also have high 
potential for modifications.

The effect of NF on phase structure can be even higher for thermosets with reaction-induced phase 
separation due to a crucial effect on its germination, kinetics, etc. Unlike thermoplastics, GO 
modifications with low molecular-weight compounds or oligomers are mostly applied. The reason 
is high performance attained with well exfoliated/bonded GO. At the same time, high ability of 
polymer chains-modified GO for self-assembly into nature- mimicking morphologies1 indicates 
promising potential of these compounds to form effective complex structures also in neat and 
impact-modified epoxy2.

This work deals with a thorough study of the effect of short polymer chains-modified GO on structure 
and properties of epoxy systems. Unlike few existing studies, focused on achieving high degree of 
GO exfoliation only, we have aimed at the self-assembling potential of such adducts. Discussed is 
effect of modifier type, content and geometry of grafting on formation of complex structures as well 
as difference from themoplastics-based systems. Highlighted are basic aspects leading to nacre-
like lamellar structures (Fig a), new “3D” lamellar arrays (Fig b) and potential for deposition on 
interface in epoxy/carbon fibre composites to form rigid tough interface.
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Ivan Kelnar is head of the Department of nanostructured polymers and compositesat the Institute of Macromolecular Chemistry, 
Academy of Sciences of the Czech Republic,
Fields of research: Crosslinking of polymers with organo-functional silanes; binary and ternary reactive blends with improved 
balance of mechanical properties; multiphase polymer systems modified with nanofillers (NF), effect of nanofillers on reactive-
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research is done within national and international projects, published in more than 80 papers.

              kelnar@imc.cas.cz
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A new high-resolution microscopy technique

Victor Moro1*, Joan Canals1, Nil Franch1, Sergio Moreno1, Albert Romano-Rodríguez1, Anna 
Vilà1, Jan Gülink2, Daria Bezshlyakh2, Andreas Waag2, Joan Daniel Prades1, Angel Diéguez1

1Universitat de Barcelona, Spain
2University of Technology Braunschweig, Germany

Superresolution microscopy is a new and advanced technique that allows to resolve objects smaller than 
traditional optical microscopes. Several studies have been done in this subject and there exist various 

types of microscopy techniques. These techniques can be grouped into two groups, non-fluorescence-based 
techniques and fluorescence-based techniques. Non fluorescence based techniques are Near Field Random 
Mapping (NORM) and Near Field Scanning Optical Microscopy (SNOM). Fluorescence based techniques 
are Stimulated Emission Depletion (STED), Reversible Saturable Optical Linear Fluorescence Transmissions 
(RESOLFT), Photo-Activated Localization Microscopy (PALM) and Stochastic Optical Reconstruction 
Microscopy (STORM).

In this work we present the first prototype for a new optical microscopy technique: nano-illumination 
microscopy. This microscope prototype bases its resolution in spatially resolved illumination. With this 
microscope the importance of the sensor pixel size and pitch disappears, and the light source size and pitch 
are what determines the resolution of the microscope. This microscope prototype consists on an array of 64 
micro-LED which is distributed in 8 rows and 8 columns. Custom discrete driving electronics were designed 
to turn on the micro-LED array. The detector used is a SPAD camera designed in AMS 350nm technology 
with 10 μm diameter pixels. The micro-LEDs size is 5 μm with a pitch of 10 μm. The smallest object observed 
with this microscope prototype is a 5 μm width line, but by decreasing the pixels size and pitch, which in the 
next microscope version would be 400nm size with 800nm pitch, there would be an upgrade of the microscope 
resolution. The final prototype using this technique aims to achieve a resolution below Abbe diffraction limit.
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Fig 1. Microscope setup showing LEDs, the Sample Holder 
with an EBL sample in it and the SPAD detector.



Biography:

Victor Moro has his expertise in electronics engineering and biomedical engineering. He is performing his PhD in microelectronics 
and performing as Adjunct Professor in University of Barcelona in the Faculty of Physics. The PhD he is performing is based on a 
Horizon 2020 FET-Open project, Chipscope (Grant agreement 737089).

vmoro@el.ub.edu

Fig. 2. An image taken with our microscope (left) of a line pattern of 5 μm width. In the 
right it is shown an image taken with a conventional microscope
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Safer-by-design biocide made of tri-thiol bridged silver nanoparticle assemblies

Aurélien Deniaud1*, Isabelle Michaud-Soret1*

1Univ. Grenoble Alpes, France

Silver nanoparticles (AgNPs) are widely used in consumer products for their biocidal activity. AgNP-
containing medical devices is also a growing market with applications in dentistry, prosthesis, catheters 

or wound dressings. Their activity is due to their capacity to release bioavailable Ag ions which is highly 
toxic for microorganisms inducing alterations of lipid bilayers, proteins and nucleic acids making them a 
long-lasting biocide. However, AgNPs themselves are usually easily released from the product. Besides, 
AgNPs are highly sensitive to various chemical environment that triggers their transformation, decreasing 
their activity. Altogether, AgNPs widespread use leads to bacterial resistance and safety concerns for Human 
and the environment. There is thus a crucial need for improvements. Herein, a proof of concept for a novel 
biocide based on AgNP assemblies bridged together by tri-thiol bioinspired ligand is presented. The final 
nanomaterial is stable and less sensitive to chemical environment with AgNPs completely covered by organic 
molecules tightly bound via their thiol functions. Therefore, these AgNP assemblies can be considered as 
safer-by-design and innovative biocides, since they deliver sufficient Ag amount for biocidal activity with 
no release of AgNPs.

Biography:

Dr. Isabelle Michaud-Soret has her expertise in bioinorganic chemistry, metal homeostasis and metallic nanoparticles from fate 
in cellulo to safer-by-design approaches. She is in charge of a research group, BioMet, involving10 permanent staffs. The main 
goals of the BioMet group are the understanding of the molecular and cellular mechanisms responsible for transport and regulatory 
sensing events of metal ions which are all essentials and whose homeostasis is tightly controlled in cells. We are also interested 
in understanding how metallic stresses generated either by toxic metals (such as Hg) or by metallic nanoparticles (AgNP, ZnONP, 
TiO2NP…) interfere with the homeostasis of physiological metals(Cu, Zn and Fe).We are also concerned with the mechanistic 
molecular interactions between these metallic nanoparticles and biomolecules, bioinspired chelator, protein, thiol containing 
molecules but also in the Safer-by-Design approach for the development of bioinspired-coated NPs and NP assemblies.

isabelle.michaud-soret@cea.fr 
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Synergistic effect of post-deformation annealing on the micro-mechanical behavior of 
Zn-Mg hybrids processed by High-Pressure Torsion

David Hernández-Escobar1, Josh Marcus1, Jae-Kyung Han2, Raymond R. Unocic3, Megumi 
Kawasaki2, Carl J. Boehlert1*

1Michigan State University, USA
2Oregon State University, USA
3Oak Ridge National Laboratory, USA

Heterostructured metals have attracted increasing interest because of their unique capability to 
overcome the strength-ductility trade off typically observed in engineering materials. Here, a 

new strategy for synthesizing heterostructured Zn-Mg hybrids is proposed via high-pressure torsion 
(HPT) followed by post-deformation annealing (PDA). Experimental results indicate a transition 
from a relatively homogenous nanograined structure after HPT, to a heterogeneous microstructure 
consisting of a bimodal grain size distribution with Mg2Zn11 and MgZn2 intermetallic nanoprecipitates 
upon subsequent PDA. This led to a simultaneous increase in hardness and strain rate sensitivity. 
Close inspection of the strain hardening capability revealed that Zn-Mg HPT-processed hybrids 
followed a three regime behavior during plastic deformation. This mechanical response is suggested 
due to the activation of multiple strengthening mechanisms, including grain refinement, in-situ 
precipitation, and back-stress strengthening associated to geometrically necessary dislocations. 
Overall, the observed correlation suggests that the thermo mechanical processing can be tailored 
to obtain the desired hardening response across a HPT sample. This knowledge is expected to be 
transferable to other metal hybrid systems, thereby providing a means to design microstructures 
suitable for task-specific applications. Some of the targeted applications for this nanotechnology are 
biodegradable stents and implants.

Biography:

Boehlert’s research interests include materials engineering; materials sciences; metallurgy; electron backscatter diffraction; 
intermetallics electron microscopy; metal matrix composites; titanium alloys and composites; mechanical behavior. His research 
group is concentrating on understanding the deformation behavior of hexagonal close packed metals, in particular, titanium zinc, 
and magnesium alloys, for a range of applications including the biomedical industry.
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Synthesis and advanced applications of TiOx based nanostructures

Simonas Ramanavicius*, Arunas Jagminas
Institute Center for Physical Sciences and Technology, Lithuania

Statement of the Problem: Titanium dioxide (TiO2) is a very versatile material, which has a wide 
range of practical applications. It can be used in the design of sensors, biosensors, solar cells, 
waste water treatment systems, etc.Titanium oxide application areas especially depend on phase 
and crystal structure composition, surface morphology, band gap. Due to this fact, there is a high 
interest in the synthesis of new titanium oxide structures with new properties in order to extend its 
application. Thus, there is a high demand for a simple and efficient method for the production of 
new titanium oxide based materials with a desirable and easily controllable properties. One of the 
ways to change TiO2 characteristics is based on the formation of defective structures of titanium 
oxide (TiOx, where x<2).

Methodology & Theoretical Orientation: In this work, hydrothermal synthesis was applied for 
the formation of non-stoichiometric TiOx with easily controllable characteristics. In order to prove 
the formation of TiOx, electron paramagnetic resonance (EPR) and X-ray diffraction (XRD) analysis 
methods were employed. Ellipsometry was used to measure the thickness and band gaps of the films.

Findings: Band gaps of synthesized structures varies from less than 3,2 eV to 1,29 eV depending 
on the oxide composition. The modelling was used for calculations the porosity of layers showing 
that porosity is nearly 80%, which could be very important for the application of these products in 
the gas sensing. 

Conclusion & Significance: In this research, nonstoichiometric TiOx thin films and nanoparticles 
were formed. Synthesized structures had exclusive characteristics such as high porosity and narrow 
bandgap. The narrow band gap is a great advantage due to the fact, that some characteristics of TiO2 
noticed under UV light can occur in visible light illumination of TiOx structures.
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Magnetic nanoparticles and Nanoscale Metal-Organic Frameworks: advanced sorbents 
for sample treatment in determining small molecules of environmental interest

Peña-Méndez EM1*, Conde-González JE1, Havel J2, Ruiz-Pérez C3

1Universidad de La Laguna, Spain
2Masaryk University, Czech Republic
3Universidad de La Laguna, Spain

The collaborative behavior exhibited by the combination of Magnetic Metal-Organic Frameworks 
(MMOFs), containing a core of magnetite and shell of MOFs is related to the magnetic properties 

of nanomagnetite and the contribution from MOFs. Nano MOFs properties combines interesting 
properties for many applications in sample treatment such as high BET surface area, tunable pore 
size, and ratio pore to volume. Nano MOFs as sorbents for dispersive solid phase extraction of 
small molecules in sample posses several interesting attributes, such as high cargo loading capacity, 
ease of post-modification, tunable size and shape. Magnetic nano Fe-BTC was synthesized, the 
MMOFs was formed by a core of nanomagnetite and shell of Iron(III) metal–trimesic acid (BTC). 
Techniques such as scanning electron microscopy, X-ray diffraction and Fourier transform infrared 
spectroscopy, were used to characterize the MMOFs sorbent. The new material was tested and 
applied as sobrbent for magnetic dispersive solid-phase extraction (DSPE) of small molecules related 
to pharmaceuticals uses such as fibrates (bezafibrate, clofibric acid, clofibrate, gemfibrozil, and 
fenofibrate) and dyes from triarylmethanes family from different type of water samples. Magnetic 
nano MOFS as sorbents present interesting properties, such as high loading capacity and selectivity 
for the tested small molecules making MMOFs excellent candidates as sorbents for determination 
of small molecules of environmental interest.
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Enhancing the performance of all-copper redox flow batteries by ion exchange 
membranes

Cristina Flox
Aalto University, Finland

Stationary energy storage systems have increased in relevance over the past decade because of their 
important role in grid-scale applications, enabling the integration of intermittent renewable energy (wind 

and solar); smart-grid integration (decentralized electricity), and electrical supply in remote areas. Redox 
flow batteries have become an effective solution and promising candidate due to their flexibility design 
(decoupled of energy and power); high efficiency and long cycle life. Due to their outstanding features, the 
state of the art contains a large variety of chemistries. For instance, the most developed and commercially 
available system is all-vanadium due to the low cross-contamination between both compartments, leading 
to excellent long-term stability. Nevertheless, the practical implementation of this mature technology has 
been hampered due to their high-cost of vanadium-based electrolytes, proving to be a critical factor for the 
widespread commercialization.

In this framework, copper redox flow batteries provide an attractive solution since its reduced cost (USD$ 
7.4 Kg-1) in comparison with vanadium (USD$ 23.5 Kg-1). Moreover, copper is a non-toxic and an abundant 
metal with annual production capacity of up to 20 million tones. Another important feature is the high 
solubility of the copper in water (up to 3M), leading to energy density values comparable to vanadium redox 
flow batteries. In spite of aforementioned merits, the technology present several drawbacks. In particular, 
their performance above 20 mAcm-2 decline in terms of the cell capacity and energy efficiency due to the 
permeation of copper (II) species from the positive to negative side.  In order to overcome this problem, the 
study of several membranes with outstanding selectivity features will be presented. Finally, the state of the 
art of the technology will be discussed in terms of economic and technological point of view, demonstrating 
their feasibility towards a real energy-storage solution.
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Characterization of high performance rubber composites

Gholamhossein Liaghat1,2, A. Khodadadi1, H. Ahmadi1, A. R. Bahramian1, Y. Anani1, S. 
Asemeni1      

1Tarbiat Modares University, Iran
2Kingston University, England

This study aims to investigate the static and high strain rate behavior of a rubber panel reinforced 
with fillers. To achieve a rubber compound with desirable properties, several ingredients are 

added to natural Rubber. Variation in compound ingredients alters the mechanical properties of 
rubber panels. One of the most important ingredient in rubber compound is the reinforcement. 
Carbon black is a common filler which act as a reinforcement and added to rubber formulations to 
improve mechanical properties. Rubber and the reinforcing filler(s), develop strong interactions that 
lead to the development of a structured material. To investigate the effect of compound ingredients 
specially the reinforcement, two types of rubber panel have been prepared and the behavior of 
rubber under static and high strain rates loads have been evaluated. It was found that deformation 
characteristics of the rubber are highly strain rate sensitive. It was concluded that the usage of 
carbon black results in a markedly higher energy absorption capacity in a variety of strain rates. The 
higher energy absorption was observed in higher loading of carbon black. The results are presented, 
discussed and commented upon.
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The role of membrane technology in sustainable wastewater treatment and reuse: 
effluent quality and economic analysis

Gideon Oron1*, Leonid Gillerman1, Yang1, Yossi Manor2, Amos Bick3

1Ben-Gurion University of the Negev, Israel
2Sheba medical center, Israel
3Bick Associate, Israel

There is a growing need for extra waters in water-stressed areas including most countries in 
the Mediterranean Basin and the semiarid southwestern United States and Africa. The effect 

of effluent quality and the operating parameters such as transmembrane pressure, retardate and 
recirculation flow rates and fouling (clogging) aspects on productivity of a membrane system 
are discussed. This work is based on relatively large field experiment consisting of an hybrid 
nanotechnology system, at an area of about 0.6 hectares and lasted close to five years. Different 
crops were raised every year in same plots of abbot 200 m2. The effects of water quality, expressed 
mainly by the Electrical Conductivity (EC) and some relevant biological parameters of the effluent 
were monitored. Clogging of the membrane system was monitored as well. A preliminary economic 
analysis was conducted, examining the effects of water energy consumption due to fouling and the 
costs affecting the efficiency of the effluent applied for irrigation.

A nanotechnology system consisted of hollow fiber membrane was in operation. In front of the 
Reverse Osmosis (RO) system another component of Ultrafiltration (UF) was installed. The effluent 
outcome of the UF system was the feed for the RO system. It allowed removing both the pathogens 
and the suspended matter at the UF stage and the dissolved solids (salts) at the RO components. 
Different combination of UF and RO effluent were used for irrigating different crops each season. 
Different methods and policies were examined just to keep the membranes clean, and to allow a 
smooth performance. 

Nanotechnology application to wastewater experiment was conducted under field conditions. Results 
indicate the options of salt removal and the effects on yields. No doubt that further experiments are 
required to verify the contributive effects of salts removal.
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Evaluation of human-structure-damper interaction in a grandstand

Carlos Riascos*, Johannio Marulanda, Peter Thomson
Universidad del Valle, Colombia

Modern civil structures are often prone to human induced vibrations. In particular, sport venues are 
subject to anthropic loads that can produce excessive vibrations and compromise structural service 

ability. The effectiveness of passive control systems for the reduction of vibrations in these structures is 
limited as the dynamic properties of the structure change due to crowd loads and human-structure interaction 
effects. Hence, a semi-active system is proposed for reducing human induced vibrations. This paper describes 
the implementation of a Pressurized Tuned Liquid Column Damper with a semi-active control (SA-PTLCD) 
strategy on a grandstand-type steel structure. The structure has a mass of 1000 kg while that of the PTLCD 
is 27 kg. The structure was excited both with sine sweeps using an electromagnetic shaker that has an 
active mass of 1.3% the mass of the structure, and with the coordinated jumping of upto five people with 
a total mass of 34% of that of the structure. Overall, the smart device had an exceptional performance for 
the different excitations and occupancy levels considered. For the case of five people jumping at the natural 
frequency of the structure, the SA-PTLCD reduced the peak acceleration to 41% of that of the structure 
without the control system.

carlos.andres.riascos@correounivalle.edu.co
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Experimental evaluation of unbonded carbon and polyester fiber reinforced elastomeric 
seismic isolators

Johannio Marulanda2*, Ingrid E. Madera Sierra1, Peter Thomson2, Daniele Losanno3, 
Mariacristina Spizzuoco4

1Pontificia Universidad Javeriana Colombia
2Universidad del Valle, Colombia
3National Research Council of Italy, Italy
4University Federico II, Italy

The base isolation system is one of the most used technologies implemented around the world to 
protect human lives and reduce damage of buildings during earthquakes. However, this system 

is rarely used in developing countries, such as Colombia, due to their high costs. The development 
of isolation bearings with local technology eliminates importation costs of these devices, which 
is the principal obstacle for its massive implementation in Colombia. This paper presents the 
experimental evaluation of low-cost seismic isolators for low-rise buildings, which represents over 
70% of the construction projects in Colombia. Two types of high damping rubber matrix unbonded 
isolators without lead core were studied. Two different fibers were employed for the reinforcement 
of the bearings, carbon and polyester. Reduced-scale prototypes were manufactured and tested 
under simultaneous compression and shear loads, according to FEMA450 specifications. Results 
show similarity between vertical and horizontal stiffness and damping for the two isolators, both 
satisfying the minimum design values required. Finally, taking into account that the price of the 
polyester fiber is five times less than the carbon one, this is the alternative with higher potential to 
be implemented as a low-cost seismic isolation system in colombia.

johannio@gmail.com
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Metal-Organic-Frameworks as non-viral delivery vehicle for gene therapy in 
prostatecancer cells

Arpita Poddar
RMIT University, Australia

Prostate Cancer (PC) is the second leading cause of cancer death in males. Due to anatomy of the 
organ and physiology of the disease, gene therapy for PC is extremely promising in preliminary 

clinical trials. However, intra-cellular delivery of genes for gene therapy is still at early stages and 
calls for additional technological breakthroughs to realise its full potential. Although viruses are 
powerful delivery systems (vectors), they raise important safety concerns which severely limit 
their applications in clinical settings. Non-viral vectors are safer, non-immunogenic, inexpensive, 
can carry large quantities of DNA and have easy modifications. However, current non-viral vectors 
have given conflicting results and, up to 2018, only 0.24% of research was carried out on non-viral 
vectors. The lack of proper non-viral systems is thus a critical aspect that needs to be addressed for 
successful gene therapy. 

The work presented employs the use of metal-organic-frameworks (MOFs) as non-viral vectors for 
the delivery of genes to PC cells. MOFs are a new class of porous hybrid materials in nanotechnology 
composed of metal ions and organic bridging ligands. They are emerging as promising platforms for 
therapeutic delivery, bioimaging and biosensing due to their high drug loadings, biodegradability, 
and versatile functionality. The study investigates the synthesis of different kinds of MOFs that 
show minimal/no cellular toxicity and can be synthesized under non-toxic and physiological 
conditions. We show that ZIF-8 MOFs can successfully encapsulate not just short chain nucleic 
acids, but entire gene sets in a one pot synthesis step based on biomimetic mineralization to form 
DNA@ZIF-8 conjugates. The results signify the use of MOFs to deliver intact genes to PC cells in 
a non-cytotoxic manner with gradual release; characteristics which are essential for a suitable gene 
therapy delivery system.

Schematic representation of plasmid DNA genes (plGFP) encapsulated in ZIF-8 MOF
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Chitosan coated alginate nanoparticles for oral sustained delivery of liraglutide

Fatemeh Shamekhi*, Elnaz Tamjid, Khosro Khajeh

Tarbiat Modares University, Iran

Chitosan coated calcium-alginate nanoparticles were developed for oral sustained delivery of liraglutide. 
The concentrations effect of coating constituents including sodium alginate, calcium chloride, and 

chitosan on the particle size was studied based on response surface methodology. The beads were characterized 
by dynamic light scattering (DLS), scanning and transmission electron microscopy (SEM, TEM) as well as 
Fourier transform infrared spectroscopy (FTIR). The diameter of the formed beads was most dependent on 
the coating technique and alginate concentration. The spherical particles of up to 100 nm diameter were 
developed for the optimum composition of alginate 0.5%, chitosan 0.5% and calcium chloride 0.5% in 
the volume ratio of 2:0.5:1. In-vitro release studies in simulated gastrointestinal conditions were carried 
out in a sequential technique and the amount of drug release was found to be 43.2% after 8h. The MTT 
results on human intestinal cell line Caco-2 revealed more than 100% cell viability after 24 hours for blank 
nanoparticles and up to 68.05% viability enhancement compared to the free drug in 0.3 mg concentration. 
The results of this study demonstrated that chitosan coated alginate nanoparticles hold promise as a potential 
natural biodegradable polymer-based oral carrier of liraglutide for better management of diabetes.
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Elimination of Cypermethrin using Fe-TiO2 nanoparticles supported on coconut palm 
spathe using a solar flat plate photoreactor

Ricardo Solano*, Adriana Herrera
University of Cartagena, Colombia

Highlights: 

• High Fe+3 concentration generates TiO2 catalyst poisoning.
• Coating and doping of TiO2 impact negatively on its photocatalytic performance.
• Coating with nanoparticles allows eliminating separation processes

Introduction:

Cypermethrin (Class II, moderately dangerous) causes human health problems related to 
immunosuppression, hormonal alteration, diminished intelligence, reproductive anomalies and 
cancer. In the studies carried out in this area, only 0.1% of the pesticide used reaches the target 
pest and 99.9% is dispersed in the environment through routes such as runoff and erosion, leaching, 
drainage and discharges of pesticide production plants.

Methods: TiO2 nanoparticles were synthesized by the method of Green Chemistry assisted by 
ultrasound using aqueous extract of lemon grass (Cymbopogon citratus) and modified with Fe+3 

atoms by means of Chemical Impregnation, while the immobilization of the nanoparticles on 
Coconut palm spathe was carried out through the Doctor Blade technique. The concentration of 
cypermethrin was determined after 12000 J/m2 of accumulated radiation from GC-MS, the powder 
materials was characterized by X-ray diffraction (XRD), Transmission electron microscopy (TEM) 
image and selected area electron diffraction (SAED), Raman spectroscopy, Cathodoluminescence, 
Photoluminescence, Fourier transform infrared spectroscopy (FTIR), UV-Vis spectrophotometry of 
diffuse reflectance and BET surface area, while composite materials (coconut palm spathe/catalyst) 
were analyzed through Scanning electron microscopy (SEM). 

Results and Discussion: The XRD pattern shows ten distinct peaks at 2θ = 25.61°, 37.8°, 38.10°, 
48.47°, 54.24°, 55.36°, 62.99°, 69.20°, 70.59°, 75.47° in the XRD pattern of Fe3+ doped TiO2 and 
undoped nanopowders are consistent with anatase (101), (103), (004), (200), (105), (211), (204), 
(116), (220) and (107) lattice planes (JCPDS No. 21-1272).

The surface morphology and particle size (size distribution) of the pure (Fe:Ti=0) photocatalyst 
were further analyzed by TEM, it’s evident from these images that the synthesized nanoparticles 
were agglomerated, and their shapes were quasi-nanospheres. The optical properties of TiO2 and Fe-
TiO2 were separately detected by ultraviolet- visible diffuse reflection spectrometer (UV–Vis DRS). 
The absorption edge of the Fe-TiO2 in comparison to undoped TiO2 is extended greatly toward the 
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visible light. The absorption edge is more extended to the visible light with the increasing of the 
Fe concentration, which is induced by the electron transition from Fe3d orbitals to TiO2 conduction 
band (CB). In N2 physical adsorption-desorption study, it was observed that the prepared TiO2 and 
Fe-TiO2 possess mesoporous surface as the isotherms are of Type IV and with typical H3 hysteresis 
loop according to the IUPAC convention, it indicates that TiO2 sample contain non-rigid aggregates 
of plate-like or slit shaped pores with a contribution of micropores and mesopores.

Results obtained for the photocatalytic degradation of Cypermethrin using nanomaterials suspended 
and immobilized, as well as the respective soft adsorption and photolysis. The molar ratios higher 
than Fe:Ti (Fe:Ti=0.075 and Fe:Ti=0.1) and the immobilization of nanoparticles on the spathe of 
coconut palm biomaterial generate a decrease in the percentages of elimination.

4. Conclusions: The immobilization of nanoparticles on coconut palm-based biomaterial using the 
resin applied in this study brings two important advantages from an economic and environmental 
point of view.
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Ultra-small methionine-capped Au0/Au+ nanoparticles as efficient drug against most 
dangerous bacteria

Rokas Žalnėravičius1,2, Arūnas Jagminas1

1State Research Institute Centre for Physical Sciences and Technology, Lithuania
2Vilnius Gediminas Technical University, Lithuania

It is commonly accepted that contrary to silver, gold in the metallic state is highly stable, 
biocompatible, and not cytotoxic even in the nanoparticulated size. Au nanoparticle antimicrobials 

render the grafted drug molecules, such as ampicillin, peptides or zwitterionic ligands. On the other 
hand, antimicrobial behavior of gold ions is well-known, has been widely investigated, and well-
reviewed in Djuran and Glišic papers. According to the some recent reports, Au0 NPs reduced down 
to the nanocluster size, e.g. ≤2.0 nm in diameter, may also exhibit the antimicrobial activity against 
some fungi and bacteria strains. For example, Zheng et al. synthesized and tested 6-nm sized Au0 
NPs and ≤2.0-sized gold nanoclusters both templated and protected with the 6-mercaptohexanoic 
acid. Although these NPs possessed quite similar surface zeta-potential, a remarkable antimicrobial 
efficacy has been established just for nanoclusters against S. aureus and E. coli killing roughly from 
95 to 96 % of their population. Besides, it was concluded that the antimicrobial effect is not derived 
from the surface ligand and its content. On the contrary, Zhang et al. reported that cationic ligands 
of gold NPs contributed to their antimicrobial activity. This effect has been attributed to the strong 
ionic interaction with the bacteria indicating that positively charged ligand molecules of Au NPs are 
responsible for the bacteria membrane permeability increase.

Inspired by these works, in this study, we synthesized and tested ultra-small gold and gold-
functionalized magnetite NPs comprised of Au0/Au+ for possible inactivation of multi-drug resistant 
bacteria. To the best of our knowledge, the antimicrobial behavior of ultra-small gold NPs stabilized 
with the amino acid has not been investigated against the most dangerous microorganism such 
as methicillin-resistant Staphylococcus aureus, Acinetobacter baumannii, and Salmonella enterica. 
For comparison, the antimicrobial efficacy of the magnetite NPs decorated with Au0/Au+ species 
were also tested.
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Poly (ɛ-caprolactone) nanoparticles with pH-responsive behavior improved the in vitro 
antitumor activity of methotrexate

Macedo LB1, Nogueira-Librelotto DR1, Scheeren LE1, Vargas J1, Mathes D1, Vinardell MP2, 
Rolim CMB1*

1Universidade Federal de Santa Maria, Brasil
2Universitat de Barcelona, Spain

Methotrexate (MTX, 2,4-diamino-N10-methyl-folic acid) is a cytotoxic drug with the competitive 
inhibition of dihydrofolate-reductase as pharmacological target. As this drug inhibits a key 

cellular function, its cytotoxic activity is not specific towards neoplastic cells and, consequently, the 
therapy often causes severe side effects. In this context, the conjugation of the active molecule to a 
nanostructured delivery system is a promising approach to achieve a more efficient antitumor therapy. 
Moreover, on account of pH differences between cancerous (~pHe 6.6 e 5.4) and healthy (pH 7.4) 
tissues, the design of pH-sensitive systems at micro/nano scale can be used to improve tumor-targeted 
drug delivery. Therefore, the main objective of this research was to prepare nanoparticles (NPs) 
based on the polymer poly (ε-caprolactone) (PCL) and with the nonionic surfactant poloxamer 407 
as formulation stabilizer, as a carrier for the antitumor drug methotrexate. In addition, the biological 
properties of the proposed nanocarriers were evaluated using different in vitro cell models. The 
conjugation of the lysine-based amphiphile, 77KL, to the NP matrix was the approach used to 
reach a formulation responsive to pH variations. The NPs showed mean hydrodynamic diameter 
and drug entrapment efficiency of 178.5 nm and 20.52%, respectively. Improved formulation 
stability was achieved after lyophilization. Drug nanoencapsulation was also able to protect MTX 
from photodegradation induced by UVA and UVC radiation. The hemolysis assay was applied to 
study the pH-sensitive membrane-lytic activity and hemocompatibility of the NPs. The PCL-NPs 
appeared to be hemocompatibles and, owing to its pH-sensitivity, showed membrane-lytic behavior 
upon reducing the pH value of surrounding media to 5.4, which is characteristic of the endosomal 
compartments. Likewise, these pH-responsive NPs released MTX slightly faster at pH 5.4 than 
at physiological conditions. This NP feature might be a promising approach to achieve a greater 
and more specific drug release in cancer cells, thanks to its likely capacity to respond to the pH 
gradients existing in tumor tissue and intracellular compartments. The in vitro antitumor assays, 
using MTT and NRU as viability endpoints, demonstrated that MTX-loaded PCL-NPs have higher 
antiproliferative activity than free drug in MCF-7 cells and, to a lesser extent, in HepG2 cells. 
Noteworthy is that this same behavior was also markedly observed at mildly acidic conditions (pH 
6.6), characteristic of the tumor microenvironment. Therefore, the overall results evidenced the 
pH-responsive properties of the designed nanocarrier, together with its greater in vitro cytotoxic 
activity compared to the non-associated drug, suggesting, thus, that this nano-based formulation 
could be promising for an innovative and more efficient antitumor therapy.

pH-responsive nanoparticles. Poloxamer. Lysine-based surfactant. In vitro cell models. Cancer.
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Surface structure of graphene oxide: a tunable platform for removal of compounds of 
environmental interest

Peña-Méndez EM1, Conde-González JE1, , Salvadó-Martín V2

1Universidad de La Laguna (ULL), Spain
2University of Girona, Spain

The chemically modified surface of graphene provides interesting opportunities for tuning adsorption 
properties. It is well-known the increasing concern about the vulnerability of water resources and water 

supplies worldwide, due to the presence pf organic and inorganic contaminants. Especially, with respect to 
so called, emerging contaminants. In this study, materials derived from its surface chemical modification 
were characterized, tested for its capacity to remove and/or for adsorption of different kind of wastewater 
contaminants such as heavy metals, azodyes and pharmaceutical compounds (diclofenac, gemfibrozil, 
bezafibrate and clofibrate). The importance of temperature, pH, ionic strength, and ionic strength in uptaking 
of contaminats on the graphene oxide materials were studied. A discussion of possible interactions justifying 
the partitioning of analytes to the GO is included, considering not only the analytes’ physicochemical 
characteristics, aqueous environment, and chemical modification of the surface.
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Laser ablation synthesis (LAS) of Ge-Sb, Ge-Te and Sb-Teclusters

Fei Huang1*, Lubomír Prokeš1, and Josef Havel1, Ravi Mawale2, Petr Němec2

1Masaryk University, Czech Republic
2University of Pardubice, Czech Republica

Statement of the problem: Germanium-Antimony-Tellurium (GST) is one of the most important 
phase-change-memory material. The Ge2Sb2Te5 bulk material has been studied by using mass 
spectrometry in our laboratory an recent detailed review of this phase change non-volatile 
memories is available. Here, we deal with the binaries (Ge-Sb, Ge-Te, Sb-Te) forming the ternary 
GST system. Laser ablation synthesis (LAS) can efficiently generate clusters from the mixture of 
elements and simultaneous use of a Time-Of-Flight (TOF) mass spectrometer (MS)determines the 
clusters composition. The methodology has already been shown to be a powerful method to study 
the formation of various clusters from inorganic compounds, glasses and/or mixtures. 
The aim of this work is to use mass spectrometry following in details the formation of the binary 
clusters during LASin order to cover wide concentration ranges and to contribute further to the 
knowledge of these materials.

Methodology & Theoretical Orientation: The formation of binary GemSbn, GemTeo, and SbnTeo 
clusters generated by LAS from binary Ge-Sb, Ge-Te, and Sb-Te mixtures of elements was studied 
and stoichiometry of clusters was determined (cf. Fig.1). Structure of individual clusters generated 
from a mixture of elements was discussed. 

Findings: i) LASwas found as a suitable method to generate binary clusters of GST material 
components. ii) Via computer modeling complicated isotopic patterns of clusters can be resolved, iii) 
Composition of clusters might represent partial structural fragments of the phase-change material. 
The results enable to understand structural motifs of the GST materials and the findings obtained 
can contribute to the proposal of new, more efficient phase-change memory materials.
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Figure 1: Scheme of MS analysis
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Non-toxic fluorescent silica nanoparticles for observation of the living cell

Michalina Iwan
Polish Academy of Sciences, Portugal

Herein we report a novel synthesis yielding monodisperse fluorescent silica nanoparticles 
(SiNPs), with Fluorescein or Rhodamine-B incorporated within the core. Our nanoparticles 

are characterized by excellent photo-bleaching resistance. Illumination with a monochromatic laser 
light (wavelength λ=561 nm and power=38 mW), via continuous wave method, of a nanoparticle 
sample causes the loss of only 33% of the nanoparticles’ fluorescence intensity during 60 hours 
of illumination. This result is particularly important in bioimaging techniques, resulting in 
higher stability times and the possibility of use of lower SiNPs concentrations when performing 
measurements.

Moreover, our nanoparticles are non-toxic and highly biocompatible. A decline in cell vitality was 
not observed when Hela cells were incubated with PEG-coated silica nanoparticles containing 
Rhodamine-B. Nanoparticles were uptaken and remained in cells during following generations. 
Cells maintained high viability and proliferation potential for at least 14 generations after exposure. 
Due to their low cytotoxicity our PEG-coated silica nanoparticles are suitable for use in living cells 
and microorganisms.

Good solubility in aqueous environments is another important advantage of the presented 
nanomaterial. The described nanoparticles are characterized by prolonged stability, which exceeds 
6 months at room temperature in aqueous solutions. The lack of toxic, commonly used stabilizers, 
such as azides, is especially beneficial in case of biological, biochemical and medical research.

These qualities of the nanoparticles make them potentially suitable for various biological and 
medical applications.
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Fig. 1. Wide-field phase contrast and epifluorescence microscope pictures of Hela cells incubated with PEG-
coated silica nanoparticles containing Rhodamine-B. Pictures present nanoparticle containing cells that 
undergo mitosis.
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Interaction of Black Phosphorus (phosphorene) with small molecules and peptides in 
MALDI TOF MS

Govinda Mandal1*, Petr Vaňhara1, Josef Havel1

1Masaryk University, Czech Republic

Statement of the Problem: Black phosphorus (BP) represents the most stable allotrope (Fig. 1) with 
unique physico-chemical properties and with high number of bio-medical applications1.We have 
shown previously that phosphorus is an effective calibrant for MS analysis of complex biological 
samples2. In MALDI TOF MS, the BP selectively increases the ionization of some peptides3, 4. This 
phenomenon is not sufficiently explained so far. Here we address the mechanism of such altered 
ionization by combining BP and model peptide mixtures or relevant low mass molecules, such 
ascis-platinum and/or ruthenium complex ([RuClCp(mPTA)2](OSO2CF3)2).

Methodology & Theoretical Orientation: UV-Visible spectra were measured using UVmini-1240 
Spectrophotometer, Shimadzu. Mass spectra were recorded (5 Hz frequency, pulsed width 3 
nanoseconds) using AXIMA CFR (nitrogen laser 337 nm, reflector), Kratos Analytical Ltd. The 
laser energy was selected from 0 to 180 a.u. (arbitrary units).Analyses were carried out in linear/
reflectron positive/negative ion modes.

Findings: We studied adsorption of small peptides and other low mass molecules like cis-platinum 
or Ru-complexon BP or on its single layer i.e. phosphorene (an analogue of graphene) surface. We 
found that BP interacts with different molecular moieties and affects the desorption energy. We 
propose, that such molecular interactions may be useful for more specific ionization and selective 
enrichment of the mass spectra with otherwise hardly ionizable molecular species. BP-Mediated 
common MALDI matrices are promising materials for MS-based biotyping applications, ranging 
from metabolomics discrimination to complex bio-industrial scenarios, such as cell culture quality 
control.

In summary, selective interactions of BP alter the ionization of peptides and other low mass 
molecules, and these phenomena may allow for more sensitive/selective MS detection. The BP-
media ted changes depend on molecular structure of the partner compound, e.g. on number of 
aromatic rings or degree of saturation, are resulting in altered ionization in MALDI TOF MS
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Fig. 1: Structures of some phosphorus allotropes

mandal@mail.muni.cz

3rd Global Summit on 

Nanotechnology, Nanomedicine & Material science
September 18-20, 2019 | Barcelona, Spain



Functionalization of iron oxide-based magnetic nanoparticles with gold shells

Agne Mikalauskaite
State Research Institute Center for Physical Sciences and Technology, Lithuania

This chapter is aimed at reviewing the methods reported to date for covering of magnetic iron 
oxide-based nanoparticles (NPs) with gold species and shells have found numerous applications 

in the recent nanomedicine as biocompatible materials for magneto hyperthermia, photothermal 
therapy, fluorescent and computed tomography imaging. Furthermore, through coating of magnetic 
NPs with gold their chemical and colloidal stability can be significantly improved allowing 
constructing a versatile platform for further NPs functionalization with antibodies, drugs, aptamers, 
and fluorescent agents.

Various studies have established the fact that a direct coating of magnetic NPs via electroless 
deposition using typical reducers such as sodium borohydride or citric acid is frequently problematic 
due to formation of gold crystallites in the solution bulk. To overcome this drawback, several methods 
for deposition of gold directly or through the intermediate layer onto the surface of magnetic NPs 
have been proposed during past 15 years. However, the reported approaches are mainly devoted 
to covering of magnetite (Fe3O4) and hematite (γ-Fe2O3). Therefore, our recent findings dealt with 
these and other iron oxide-based, e.g. cobalt ferrite, NPs are presented in more detail. Contrary to 
the previous works reported the formation of continuous Au0 nanoparticulate shells, we succeed 
in the decoration of magnetic NPs with numerous Au0/Au+ quantum dots (QDs) contributing to 
their prospective future applications. In addition to presentation of reported to date gold deposition 
techniques, an attempt was made to discuss shortly the possible application trends of these core-
shelled NPs.

Recently, gold-shelled iron oxide-based NPs are widely used for biological treatments and medical 
investigations because of their super paramagnetic behavior, non toxicity, chemical stability in 
various fluids and biocompatibility as well as capability to interact with the specific ligands, such 
as proteins, antibodies, drugs, nucleic acids, etc. Taken together, uniformly sized gold-coated 
magnetic NPs possess a great potential for tumors detection, anticancer therapy, immunogenicity 
and analytical sensing. Besides, the attached gold due to collective oscillation of free electrons in 
a continuous band structure can demonstrate crystallite size dependent plasmonic resonance band 
sensitive to the microenvironment. As a matter of a collective magnetic and optical behavior, a 
variety of new applications of gold-coated magnetic NPs were reported during the past decade.

agnemikal@yahoo.com

Notes:
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First principle study of the magnetic properties of interstitial Co in graphene nanosheet

M. Jafari*, A. Goodarzi
K. N. Toosi University of Technology, Iran

The aim of the present study was to investigate the magnetic properties of interstitial Co in 
graphene nanosheet. The calculations have been performed in the framework of density functional 

theory and the GGA approximations within Quantum Espresso package. Our results show that the 
adding Co impurity, change the electronic and magnetic properties of this structure. The magnetic 
properties of this structure depend on the Co atom, which will be attained the magnetic metal or 
magnetic semiconductors. According to this calculation, the magnitude of the magnetic moment 
measured for Co impurity is 1.11 Bohr Magneton. 
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Experimental characterization of a seismic isolator prototype with recycled rubber for 
the mitigation of structures’ risk

Lizeth Ortega1*, Ingrid Madera2, Johannio Marulanda1, Peter Thomson1

1Universidad del Valle, Colombia
2Pontificia Universidad Javeriana, Colombia

During the past decades, in the field of civil engineering new techniques for the design of 
earthquake-resistant structures have developed; an example of this is seismic isolation, in 

which earthquake’s energy is absorbed through devices (seismic isolators), diminishing its impact 
on the structure and further damages. Nowadays, the commonly used devices for this purpose are 
the SREIs, Seismic Rubber Elastomeric Isolators, that due to their weight and composition, they 
have a high cost in countries where they are not fabricated or tested, limiting its implementation to 
large-scale and special-use projects. As a solution to this, the UFREIs, Unbounded Fiber Reinforced 
Elastomeric Isolators, have been developed, that given to their lightness, they can be used without 
being connected to the structure itself, which significantly reduces its cost. On the basis of the for 
egoing, considering that Colombia is not yet a producer of isolators, during this research, reduced-
scale prototypes of UFREIs were developed; in which instead of using natural-based rubber for the 
matrix, recycled rubber derived from tires was used. The research was divided into four phases, 
in the first one, the process of extraction of the tire’s rubber was defined. The second phase was a 
process of mechanic characterization of the rubber since there’s a wide diversity of it depending 
on the different producing brands in the market. Based on the results, the adequate model of tires 
for the construction of UFREIs was identified. The third phase consisted on the construction of the 
prototypes, defining the design of the mold and the constructive method. During the last phase, the 
prototypes were subjected to monotonic compression tests determining their mechanical properties. 
From the results, it was possible to verify that the vertical stiffness obtained is suitable for use in 
low-height residential projects, which, given the high volume of construction of these projects in 
Colombia, would guarantee a massive use of the developed devices, besides giving a solution to an 
environmental problem of the country.

Lizeth.Ortega@correounivalle.edu.co
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Doping effect of fluorine and chlorine ions implantation on structural and 
microstructural properties of 2-dimensional tungsten disulfide (WS2)

Keltouma ait aissa1*, S. J. Kim2, J. P. Blondeau1, S. Mondal2, M. R. Ammar1, E. Veron1, C.-G. 
Choi2, E. Ntsoenzok1

1CNRS and Université d’Orléans, France
2Electronics and Telecommunications Research Institute (ETRI), Republic of Korea

The remarkable research effort has become known as the transition to the metal of dichalcogenide 
(TMD). They include tungsten disulfide (WS2) and molybdenum disulfide (MoS2) both with 

lamellar structure. However, WS2 is thermally more stable and then presents a larger operating 
temperature range. WS2 also allows an adjustable band gap in 1.4-2.1 eV range. The band gap is 
both material structure and number of layers dependent. Pristine WS2 is p-type doping due to sulfur 
vacancies. To achieve electronic devices such as photodiode, n-type doping is fundamental. In this 
work we have studied structural, microstructural and morphological properties of tungsten disulfide 
(WS2) thin films before and after 100 keV F and 180 keV Cl2+ ion implantation with a fluence of 
1014 ions in both cases. WS2 films were synthesized by vapor phase sulfurization of tungsten films 
on SiO2/Si substrates using thermal chemical vapor deposition (TCVD). After ion-implantation of 
WS2 films with Cl2+ and F ions, a new peak attributed to the effect of Cl2+ and F dopant was appeared 
around 172 cm-1 by Raman spectroscopy. In addition, the (002) peak for Cl2+ ion implantation 
and the (002) peak shift related F ions were confirmed by the XRD analysis. The microstructural 
analysis by TEM shows that presence the defect in the ws2 film after Cl2+ doping. This technique of 
implantation can be used to reduce the burden of WS2 film.

Keltouma.ait-aissa@cnrs-orleans.fr
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