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The advanced materials are researched and applied on the world in communications devices, other 
studies as possible candidates to use in energy efficient derivate nanoscience experiments and studies, 
nanoelectronics devices, high frequency electronic components, high-performance permanent or hard 
magnets, products with applications on magnetic data storage media,  magnetic refrigerants, magnetic 
random access memory devices and spin logic devices, others  as hyperthermia, nanoparticles for 
biomedical applications, delivery and controlled release of drug molecules between others [1,2,3,4]. 
During 10 years have been developed studies based on Iron Oxides using high energy miller and the 
experiments were developed using X Ray Diffraction, Scanning Electron Microscopy, Particle Size 
Analysis and Magnetometry. The materials when are exposed a magnetic field it has different response on 
hysteresis cycle, the results shown  in products based on iron oxides and ferrites that when decrease the 
particle size to nanometers scale magnetization increase, in different cases were observed the 
magnetization with milling process, some materials have new crystalline structure on ceramics and on 
other cases the crystal structure still without change but with values higher than material with particle size 
superior to 500nm, on microscopy were detected particles under 100 nm.  

 

 

Figure 1 – Nanometric ceramic 
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Nanotechnology applied to human healthcare, called nanomedicine, has been the source of numerous 
novel approaches for the treatment of different types of cancer. Nanocarrier-based therapeutic has 
allowed to reduce the toxic side effects of standard chemotherapeutics, and, in specific cases, to improve 
the therapeutic performance of drugs in solubilized forms. Besides drug transport and delivery, optically 
activated therapies based on gold an fluorochrome-polymer nanoparticles are also a new strategy to treat 
tumors in a time-space controlled manner [1]. On the other hand, immunotherapies have recently gained a 
lot of interest due to their astonishingly positive results on specific cancers [2]. In this talk, we will review 
the basis of photoactivatable nanoparticles prepared by wet-chemical synthesis methods and the attempt 
of our group to harness the immunological system to enhance the antitumoral response of combined 
therapies. 
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The Ta2O5 has direct gap band of 4 eV and is a semiconductor material used for many applications such 
as electrochromic devices in smart windows. In the present work we studied the effect of doping using 
alkaline metals (MA: Li, Na, K) on the structure of the β-Ta2O5 phase and γ-Ta2O5 phase with several 
concentrations of MA. The methodology proposal was the construction of a super cell that later made the 
geometric optimization to obtain the convergence in the CASTEP program getting the optoelectronic 
properties and coloration efficiency (CE) to wavelengths in the range from 550 nm to 637 nm. The 
calculations were realized with DFT (Density Functional Theory). 
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The MoS2 nanoparticles were synthesized using femtosecond laser ablation of solids in liquids technique, 
starting a MoS2 target with a purity of 99.99%, the liquid media were ethanol, ethanol-glycerol mixture at 
different concentrations. MoS2 nanoparticles have been frequently used as carriers for loading and 
delivering of cancer therapeutic agents due to their biocompatibility, insolubility, estability, superficial area, 
etc. In this work alpha lipoic acid (ALA) was used for the functionalization of the nanoparticles, the ALA 
was solubilized in ethanol and a ethanol: glycerol mixture 80:20 and this solution was used as a medium 
for the ablation. The composition, stability and morphology of the nanoparticles was studied by 
spectrometry micro-Raman, UV-Vis spectrophotometry and transmission electron microscopy, the 
morphology obtained was a core shell spherical and hexagonal nanoparticles, the Raman spectra shows 
2 bands corresponding to MoS2 without oxides presence, the shell is attributed at carbon from ethanol. 
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Abstract 

The Molybdenum Disulfide (MoS2) have been studied with intensity in the past 20 years, 
its chemical structure was first reported by Linus Pauling, proposing a series of two-
dimensional sheets stacked by weak van der Waals interaction. Later, the mineral was 
first used as lubricant to avoid the wear/tear of mechanical parts, and as “workhorse” in 
catalytic procedure known as hydrodesulphurization of crude oil and recently in the field 
of nanoelectronics. This talk will present a comprehensive panorama of the exceptional 
properties of this low dimension material, with special emphasis in the electronic 
structure when interacts with indium-tin-oxide (ITO) by theoretical and experimental 
data from RF-sputtering deposits of ITO-MoS2 thin films (~100nm-300nm), I-V curves, 
atom probe tomography, scanning and transmission electron microscopy and density 
functional theory calculations. Results, Results, 〈110〉-orientation are aligned 
perpendicular to the ITO film with principal reflections at (002), (100), (101), (201), APT 
reveals MoS+2, MoS+3 as major evaporated molecular ions and indicates no significant 
diffusion/segregation of Mo or S species within ITO layer. Density functional theory 
calculations indicate ITO and MoS2 conform a Schottky barrier due to d-orbital 
interactions creating an ohmic contact and the combination of transparent ITO and 
semiconducting MoS2 can produce an efficiency of 2.48% for our proposed hybrid 
organic-semiconductor solar cell prototype.  
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A biosensor is a device able to transform a biological signal into an electrical signal; among 
the different approaches of biosensing systems, those that are based on surface plasmon 
resonance (SPR) and localized surface plasmon resonance (LSPR) are particularly 
attractive for detecting different classes of analytes of clinical interest [1]. Typically, plasmon 
excitation is detected as an abrupt decline in reflectivity above the critical angle. Due to 
biological compatibility, gold is an ideal metal to generate a plasmonic field (penetration 
depth ~100-500 nm) that is sensitive to perturbations in volume and events that occur near 
the surface, eg hybridization events [2]. In this work, we present the development of the 
prototype of an optical biosensor capable of detecting the SARS-CoV-2 virus in two 
modalities, SPR and LSPR. In both cases we use an interferometric method [3] to measure a 
phase-shift around the plasmon resonance. The gold nanofilm (SPR) or the gold nano-
islands (LSPR) were functionalized with thiolate oligonucleotides complementary to specific 
regions of the genetic material of the SARS-CoV-2. Experimental results demonstrate the 
functionalization of the gold nano film in situ.  
The proposed biosensor exhibits high sensitivity towards selected SARS-CoV-2 sequences 
with a limit of detection in concentration around 10nM (under laboratory conditions) and 
allows specific detection in a multigene mixture.  
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Periodic 2D systems of plasmonic Ag nanoparticles (Ag NPs) are of great interest because of the wide 
range of applications as SERS substrate, for light trapping, and others. Besides, several actual techniques 
allow their controlled fabrication [1,2]. Herein, we have studied a a specific geometry, the Ag NPs are 
arranged forming a kind of graphene layer or 2D honeycomb, see Figure 1. We have used the Discrete 
dipole approximation [3] to calculate the extinction, absorption and scattering optical efficiencies varying 
the lattice parameter and the diameter of the NPs when embedded in a SiO2 solid matrix. 

It is well known that for an isolated Ag NP with a radius smaller than 10 nm,  the scattering is null, 
therefore Qext=Qabs. However, our simulations indicate that for the periodic array the absorption and 
scattering contributions to the extinction are different from those observed in a single NP, being in general 
QextQabs. Besides, we have also identified the plasmonic modes and give an interpretation of their origin. 

 

 

Figure 1 –Honeycomb-like periodic array of Ag NPs. The electric field impingues perpendicular to the yz 
plane. 

 
Key Words: honeycomb-like arrays, silver nanoparticles, optical efficiencies, discrete 
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In this work we study the electronic emission and absorption processes occurring in Cl-Au-P-
(CH)n-type Gold complexes using the Time-dependent Density Functional Theory (TD-DFT) as 
methodology, within the scalar relativistic and spin orbit approximations. We have analyzed 
these electronic processes by applying the Kasha rules, which has allowed us to describe and 
understand the singlet and triplet transitions, which give rise to the luminescence and 
phosphorescence processes observed in these gold complexes [1]. It should be noted that due 
to their photophysical properties, these compounds have been proposed to be used as 
biological markers. 
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