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organizing this event. It was designed originally with the purpose of providing a 
forum to researchers and graduate students of our institution for the presentation 
and discussion of their latest scientific results among the different areas of research 
in materials science carried out in CNyN. It also gave the opportunity to stimulate 
interactions, to exchange experiences and to strengthen or initiate new 
collaborations. Since then, the event has increased in attendance and naturally 
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For the 2019 edition, the Symposium of Nanomaterials and Nanotechnology (SNN 
2019) was organized jointly by CNyN and CICESE, and took place at the Riviera 
Convention Center in Ensenada, from April 1-5, 2019. The SNN 2019 covered topics 
in physical and chemical properties of nanomaterials, nanocatalysis, 
bionanotechnolgy, nanophotonics and technological innovations in nanoscience. 
There were 10 plenary speakers and 10 workshops on topics related to 
nanosciences. 
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Synthesis and Characterization of Magnetite-Zirconia Core-Shell Nanoparticles for 
recoverable catalyst support 

J.Alejandro M. [*,1]; Yasmin E.[2]; Sergio F. [2]; J.Noé D.[2]; Julián H. [1];Teresa H.[1] 

Universidad Veracruzana-Centro de Investigación en Micro y Nanotecnología, Boca del Río, Veracruz, México; Universidad Nacional Autónoma de Mexico, Centro 

de Nanociencias y Nanotecnología, Ensenada B.C., México. 

Magnetic core-shell nanoparticles of magnetite- zirconia were synthesized by co precipitation and 

solution methods. We obtain the magnetic core from a single inorganic Fe2+ salt precursor and 

ammonia hydroxide as a precipitating agent. This reaction occurred only assisted by ultrasonically 

agitation without any other energy source nor N2 atmosphere. A functionalized process with citric 

acid was first applied in order to cover the magnetite surface core with zirconia, from an aqueous 

inorganic Zr4+ salt solution and calcined process at 450°C. With this core-shell structure we bring 

the protection of zirconia against magnetite oxidation and a recoverable characteristic to the entire 

catalyst support. Material characterization was performed in Transmission Electron Microscopy 

(TEM), X-Ray Diffraction (XRD) and Raman Spectroscopy to confirm the core-shell nanoparticles 

morphology. 
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A comparative study based on Impedance Spectroscopy measurements of the 
KNNLiLaTa compound obtained by Sol-Gel and by RTGG 

J. Portelles [1, 2, 3]; R. López [2]; G. Rojas George [4]; J. Fuentes [1, 2]; E. Carrillo [2]; O. Raymond [3]; J. M. 
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This work presents a discussion of the results of the characterization of the ac conductivity of 

KNNLiLaTa polycristalline piezoelectric ceramics obtained by the Sol-Gel technique. The effect of La 

doping on the KNNLiTa compound, taken as the basic material, is to shift its phase transition 

temperatures (orthorhombic-to-tetragonal and tetragonal-to-cubic) toward lower values. 

Impedance Spectroscopy was used to measure the ac conductivity in the 100 Hz to 1 MHz frequency 

range at temperatures between 75 and 500 C. It is found that the conductivity follows Jonscher´s 

universal law. The experimental values of the activation energy of the different conduction 

mechanisms and hoping frequency are determined and discussed. Finally, these results are 

compared with those from samples of the same compound obtained by the reactive templated grain 

growth (RTGG) method.  
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ALD APPLICATIONS: CAPACITORS BASED ON ZrO2-AL2O3 NANOLAMINATES 

J. Jurado[1*]; M. Franco[2]; B. Sanchez[2]; N. Radnev[3]; E. Murillo[4]; D. Dominguez[4]; J. Lopez[4]; H. 
Tiznado[4] 

Centro de Investigación Científica y de Educación Superior de Ensenada, Carretera Ensenada-Tijuana 3918, Zona Playitas, C.P. 22860, Ensenada, Baja California, 
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MOS (Metal - Oxide ς Semiconductor) capacitors have used Silicon Oxide (SiO2) for many years as 

dielectric material, but the need for miniaturization and development of these has taken this 

material to its limits. One of the promising materials to replace SiO2 is Zirconium Oxide (ZrO2), one 

of the problems of using ZrO2 as a dielectric material is that it allows high leakage currents 

attributed to crystallization of material. One way to solve this problem is by adding a laminate of 

Aluminum Oxide (Al2O3, amorphous material) between the film to prevent crystallization. In this 

project, MOS capacitors were fabricated using nanolaminates of Al2O3 and ZrO2 (AZrA) as dielectric 

material, synthesized by the plasma enhanced atomic layer deposition technique (PEALD). The gold 

electrodes were deposited by thermal evaporation. The thickness and bandgap of the 

nanolaminates were measured by ellipsometry and UV-Vis spectroscopy, obtaining a control of 

thickness and modulation of the bandgap. The  X-ray photoelectron (XPS) spectrum shows the 

characteristic peaks of Al2O3 and ZrO2, after the erosion of Argon (Ar) decreases the concentration 

of impurities of carbon (C) attributed to the synthesis technique (PEALD). The thin film of ZrO2 shows 

a roughness of root mean square (RMS) 1.686 and 0.625 nm for Al2O3 measured by Atomico Force 

Microscopy (AFM). The X-Ray Diffraction (XRD) spectrum shows cubic crystalline phase for the ZrO2 

film and amorphous for the Al2O3 film. For the electrical characterization curves capacitance - 

voltage (C-V) and current - voltage (I-V) were acquired, obtaining a control of the capacitance, 

dielectric constant, Equivalent Oxide Thickness (EOT), leakage current and breakdown voltage. 
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Investigation on Structural, Electrical and Multiferrioc properties of Mn doped (0.70) 
BiiFeO3 - όлΦолύ tō¢ƛhо ŎŜǊŀƳƛŎǎ ƛƴ ǘƘŜ ǊŀƴƎŜ лΦл Җ Ȅ Җ лΦмн 

Subhash Sharma [1,2]; Diana E. Vazquez Valerdi [1]; J. M. Siqueiros [1]; and  O. Raymond-Herrera [1] 

Universidad Nacional Autónoma de México, Centro de Nanociencias y Nanotecnología, Km. 107 Carretera Tijuana-Ensenada. Apartado Postal 14, C. P. 22800, 

Ensenada, B. C. México.; Investigador de Cátedras CONACYT en Centro de Nanociencias y Nanotecnología, Universidad Nacional Autónoma de México 

Abstract: This report describes our studies on solid solution composition of (0.70)BiFeO3 ς 

όлΦолύtō¢ƛhо ǿƛǘƘ ŘƻǇƛƴƎ ƻŦ aƴ ǿƛǘƘ Ȅ Җ лΦмнΦ ¢ƘŜ ǎǳōǎǘƛǘǳǘƛƻƴ ƻŦ aƴ  ƛƴ BFO ςPT can cause a 

structural distortion due to the ionic radii mismatch between Mn and Fe ions. Rietveld refinement 

of XRD data demonstrated the co-existence of tetragonal (P4mm) and rhombohedral (R3c) 

symmetry phases for pure and Mn doped samples up to x = 0.06. Thereafter, structural 

transformation has been observed from two phases (R+T) co-existence to tetragonal (T) phase upto 

x = 0.12. These structural transitions with increasing x may be attributed to the ionic radii mismatch 

between dopants Mn and host cations (Fe3+ and Ti4+). Dielectric studies have revealed that 

ŘƛŜƭŜŎǘǊƛŎ Ŏƻƴǎǘŀƴǘ όᶽǊύ ƛƴŎǊŜŀǎŜǎ ŀƴŘ ŘƛŜƭŜŎǘǊƛŎ ƭƻǎǎ όǘŀƴ )ɻ decreases with x for all samples.  This 

improvement in dielectric response may arise due to the increased volume percentage of tetragonal 

phases. Suppression in defect concentration is also supported by measurement of Leakage current 

density which is found to decrease with increase x. M-H hysteresis data has revealed weak 

ferromagnetism for BFO ς PT solid solution and enhanced magnetization in  Mn modified BFO ς PT 

ceramics. It has been observed that large value of remnant magnetization (Mr) for Mn may be 

attributed to the contributions of magnetic moment due to high spin state of Mn.  
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Oxygen vacancies in ZnO and ZnO:Mn films 

Carolina Bohorquez Martinez[*, 1]; Manuel Herrera Zaldivar [2] 
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Dilute magnetic semiconductors (DMS) combine the semiconductor and ferromagnetic properties. 

The origin of ferromagnetic in these materials is not clear because conventional superexchange of 

double-exchange interactions cannot explain the long-range magnetic order. Moreover, exchange 

interactions mediated by point defects in the semiconductor host has been proposed by several 

authors as a mechanism that explains the origin of ferromagnetism. In this study, we used the 

cathodoluminescence (CL) and scanning tunneling spectroscopy (STS) techniques to demonstrate 

that Mn doping generates oxygen vacancies in ZnO films, besides donor defect-related states with 

activation energies between 1.2 and 0.4 eV. Specifically, CL spectra from undoped ZnO films show 

two bands centered at 3.2 and 2.45 eV, attributed to the band edge and the oxygen vacancy-related 

emissions, respectively, while CL spectra from Mn-doped ZnO films revealed a significant increase 

in the intensity of the 2,45 eV emission. STS measurements revealed that ZnO:Mn films possesses 

both donor states at 1.1 and 1.7 eV above the Fermi level, and acceptor states at 0.5 eV below the 

Fermi level. ZnO:Mn films were also characterized by magnetic force microscopy (MFM) to 

determinate the magnetic response generated by Mn doping. 
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Resonantly hybridized moiré excitons in transition-metal dichalcogenide 
heterostructures 

David A. Ruiz-Tijerina* [1, 3 ; Evgeny M. Alexeev [2 ; Alexander I. Tartakovsky [2 ; Vladimir E. Fal'ko [3] 

CNyN-UNAM; University of Sheffield; National Graphene Institute and University of Manchester 

Transition-metal dichalcogenides (TMDs) are two-dimensional direct-gap semiconductors, whose 

optoelectronic properties are determined by the formation of excitons (Xs): electrostatically bound 

states of electrons and holes. Vertical TMD hetero-bilayers, held together by weak van der Waals 

forces, can form with arbitrary interlayer orientation, exhibiting polar interlayer excitons (iXs), 

formed by electrons and holes in opposite layers. We present a theoretical and experimental 

analysis of the optical spectrum of MoSe2/WS2 hetero-bilayers, where X and iX states hybridize 

strongly, due to an accidental resonant condition between the conduction bands of the two TMDs. 

This gives rise to hybridized excitons (hXs), which inherit the strong coupling to light of MoSe2 Xs, 

as well as the polar nature of iXs. In the presence of a moiré superlattice, which appears in the 

heterostructure for small twist angles, our results reveal the formation of moiré exciton minibands, 

and the appearance of secondary optical signatures enabled by moiré umklapp processes, giving 

explicit evidence of the influence of moiré physics on the electronic, excitonic and optical properties 

of TMD heterostructures. 
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Valley engineering by strain in Kekulé-distorted graphene 

Elias Andrade[1,2]; Ramon Carrillo-Bastos*[1];Gerardo G. Naumis [2] 

Facultad de Ciencias, UABC [1]; Instituto de Física, UNAM[2] 

A Kekulé bond texture in graphene modifies the electronic band structure by folding the Brillouin 

zone and bringing the two inequivalent Dirac points to the center. This can result in the opening of 

a gap (Kek-O) or the locking of the valley degree of freedom with the direction of motion (Kek-Y). 

We analyze the effects of uniaxial strain on the band structure of Kekulé-distorted graphene for 

both textures. Using a tight-binding approach, we introduce strain by considering the hopping 

renormalization and corresponding geometrical modifications of the Brillouin zone. We numerically 

evaluate the dispersion relation and present analytical expressions for the low-energy limit. Our 

results indicate the emergence of a Zeeman-like term due to the coupling of the pseudospin with 

the pseudomagnetic strain potential which separates the valleys by moving them in opposite 

directions away from the center of the Brillouin zone. For the Kek-O phase, this results in a 

competition between the Kekulé parameter that opens a gap and the magnitude of strain which 

closes it, while for the Kek-Y phase, it results in a superposition of two shifted Dirac cones. As the 

Dirac cones are much closer in the superlattice reciprocal space than in pristine graphene, we 

propose strain as a control parameter for intervalley scattering. 

 

 

 

 

Reference: Phys. Rev. B 99, 035411: https://doi.org/10.1103/PhysRevB.99.035411 
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Driving the anisotropic energy band structure transport in semi-Dirac materials 

Alexander Lopez 

ESPOL 

We present a model for a  semi-Dirac material subject to ac driving. Exploring the qusi-energy 

spectrum, we find that certain directions in k-space remain insensitive to the modulation effects 

and use a low-energy effective Hamiltonian to show that by properly tuning the driving strength,  

pseudospin polarization inversion can be enhanced on demand by properly tuning the system and 

establish the most apropriate parameter regimes for an actual experimental realization.
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Defect-related luminescence in hydroxyapatite nanobelts 

V. Huerta [*, 1, 2]; M. Herrera [2]; V. Gómez [2]; R. Silva [3] 

CICESE; UNAM; BUAP 

Hydroxyapatite [Ca10(PO4)6(OH)2, HAp] is the main biomineral component found in bone tissue 

like teeth and bones. For several decades, synthetic HAp with excellent biocompatibility, bioactivity, 

and osteoconductivity, has been obtained and used for a great variety of biomedical applications 

such as replacements for bone injuries, drug delivery agents and bioactive coating on metallic 

osseous implants and dental materials; also, it has been of great interest to use HAp to acquire 

contrast-enhanced images from magnetic resonance, X-ray and near-infrared reflection imaging, 

when doped with rare-earth ions. In this work, HAp nanobelts were synthesized by a modified 

hydrothermal method and then characterized by different techniques to determine their structural, 

morphological and luminescent properties. The HAp nanostructures exhibited a hexagonal crystal 

lattice, with calcium-deficient HAp as the predominant phase, showed a high crystallinity and 

revealed a thin belt-type morphology with lengths from 0.5 to 1 ˃m and widths between 10 and 100 

nm. EDS and XPS measurements demonstrated the calcium deficiency in HAp nanobelts, which 

resulted to be higher on their surface. Electron paramagnetic resonance (EPR) measurements 

obtained for these HAp nanostructures showed absorptions for paramagnetic defects attributed to 

carbon dioxide ions (CO2-) with g-tensor values of gx=2.0033, gy= 2.0019 and gz= 1.9971, as well as 

ionized oxygen vacancies (VO-) with a value of g= 1.9993. Finally, photoluminescence (PL) and 

cathodoluminescence (CL) spectra for these nanobelts obtained in the visible range, revealed the 

presence of several emission bands attributed to ionized calcium- and hydroxyl vacancies in the HAp 

lattice, while CL emission spectra in the near-infrared (NIR) range confirmed the generation of 

emissions associated with the presence of oxygen vacancies (VO-).
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Impedance spectroscopy characterization of MOR zeolite 

Fabian N. Murrieta-Rico[*,1]; Vitalii Petranovskii[2]; Jorge Portelles[3]; Oscar Raymond-Herrera[2]; Juan 
de Dios Sanchez-Lopez[1]; Juan I. Nieto-Hipolito[1]; Mabel Vazquez-Briseño[1] 

Facultad de Ingeniería, Arquitectura y Diseño, UABC;Centro de Nanociencias y Nanotecnología, UNAM;Facultad de Física, Universidad de La Habana 

Zeolites are materials that are of interest due their unique combination of properties, such as ionic 

exchange capacity, uniform morphology of voids (channels and cavities), and selective adsorption. 

Zeolites could be used as ionic conductors for applications like solid state batteries or sensors. 

Because of their crystalline structure, zeolites offer good prerequisites to be fast ionic conductors 

due to their one-, two- or three-dimensional channel systems and their cation exchange ability [1]. 

The conductivity of zeolites has an ionic nature and is a consequence of the migration of cations in 

the crystalline zeolite framework [2].  

 

Impedance spectroscopy is a technique for analyzing the electrical properties of ionic, 

semiconducting or insulating materials. Using impedance spectroscopy, we can get information 

about the bulk phase of materials, such as conductivity and dielectric constant. In addition, we can 

obtain data from outer interfaces, like the capacitance of the interfacial region, and the derived 

quantities [3].  For zeolites, ionic conductivity can be determined using impedance spectroscopy. 

 

This work reports a preliminary analysis of mordenite using impedance spectroscopy. The result is 

the dependence of the impedance, conductivity and activation energy on frequency. 

 

[1] Kelemen, G. and Schön, G., 1992. Ionic conductivity in dehydrated zeolites. Journal of materials 

science, 27(22), pp.6036-6040. 

 

[2] Freeman Jr, D.C. and Stamires, D.N., 1961. Electrical conductivity of synthetic crystalline zeolites. 

The Journal of Chemical Physics, 35(3), pp.799-806. 

 

[3] A. Janshoff, H.-J. Galla, y C. Steinem. Chapter 36 - Biochemical Applications of Solid Supported 

Membranes on Gold Surfaces: Quartz Crystal Microbalance and Impedance Analysis, in Membrane 

Science and Technology, vol. 7, H. T. Tien y A. Ottova-Leitmannova, Eds. Elsevier, 2003, pp. 991-

1016.
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Multinuclear NMR study of organic-inorganic layered hybrid nanomaterials 

Shelyapina M.G. [*,1]; Zhelezniak Yu. [1]; Krylova E.A. [1]; Zvereva I.A.  [1]; Chislov M. [1]; Petranovskii V. 
[2]; Yocupicio-Gaxiola R. [2]; Antunez-Garcia J. [2]; Rodriguez-Iznaga I. [3]; Fuentes S. [2] 

Saint Petersburg State University, 7/9 Universitetskaya nab., Saint Petersburg 199034, Russia; Centro de Nanociencias y Nanotecnología, Universidad Nacional 

Autónoma de México, Ensenada, Baja California, C.P. 22860 México; Instituto de Ciencias y Tecnología de Materiales (IMRE) ς Universidad de La Habana. Zapata y 

G, s/n La Habana 10400, Cuba 

Organic-inorganic layered hybrid nanomaterials have drawn great attention due to their widespread 

use in various areas. Layered zeolite precursor is an attractive intermediate to design hierarchical 

mesoporous/nanoporous catalysts. To control the growth of 2D zeolite nanosheets in hydrothermal 

synthesis, some complex surfactants are employed. For the successful development of these 

composite organic-inorganic nanomaterials, knowledge on the structure and dynamics of both 

structural parts is essential. Nowadays Nuclear Magnetic Resonance (NMR) spectroscopy and 

relaxation have become very powerful techniques for characterizing hybrid organic/inorganic 

nanomaterials since they can provide information on structural and dynamic issues associated with 

both organic intercalated molecules and the inorganic part as well.  

 

 

Here we report the results of our multinuclear 1H, 13C, 15N, 23Na, 27Al, 29Si NMR at 9.4 T studies 

of two class of materials: mesostructured zeolite materials, with the MOR and ZSM-5 structures, 

grown as lamellar phases using cetyltrimethylammonium bromide and polyethylene glycol (CTAB-

PEG) as a mesopore creating agent in a one-pot synthesis. 13C and 15N MAS spectra were obtained 

in cross polarization regime. To investigate the guestςhost interaction between the inorganic layers 

and intercalated organic surfactant, two-dimensional 1H-29Si and 1H-13C HETCOR NMR 

experiments were performed. To study the dynamics of guest molecules, spin-lattice relaxation 

processes of 13C and 1H nuclei were studied. 

 

 

 

The synthesis and structural characterization of the materials were done at the Nanoscience and 

Nanotechnology Centre of UNAM. The thermal analysis and NMR studies were carried out at the 

Research Park of SPSU: Centre of Thermal Analysis and Calorimetry and Centre for Magnetic 

Resonance. The work was partly supported by SENER-CONACYT (project 117373), RFBR and CITMA 

in accordance with research Project No. 18-53-34004. 
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Nitrogen-induced reconstructions on the Cr(001) surface 

Emiliano Ventura-Macias [*,1,2]; J. Guerrero-Sánchez [2]; Noboru Takeuchi [2] 

Posgrado en Nanociencias, Centro de Investigación Científica y Estudios Superiores de Ensenada; Centro de Nanociencias y Nanotecnología, Universidad Nacional 

Autónoma de México 

Chromium has generated interest as a spintronic material for its antiferromagnetic alignment at 

room temperature. Nevertheless, reactive gases like nitrogen easily contaminate pristine Cr 

surfaces, reconstructing the surface and modifying its properties. In a recent study of the spin 

properties of Cr(001) with adsorbed N, the surface reconstruction model could not be assigned to 

known models [1]. Thus, we use the spin-polarized density functional theory to describe new 

reconstructions models. 

 

 

 

Our primary goal is to clarify the atomic structure of the N induced c(2x2) Cr(001) reconstruction 

and to study its properties. After analyzing the relative stability of several models with a ½ 

monolayer of N atoms on the surface, it was found that only two models were stable for different 

growth conditions. The first stable configuration model shows two N atoms (per cell) adsorbed on 

hollow sites following a diagonal pattern. In the second, N atoms replace Cr atoms of the first 

monolayer, and after optimization, they end up in almost second layer positions. 

 

 

 

To compare with Scanning Tunneling Microscopy experiments, we obtained simulated STM images 

using the Tersoff-Hamann approximation. In addition to these images, we projected the local 

density of the states in the first two layers and the spin density on the (001) plane. From these 

projections, we determined that almost all the electron density near the Fermi energy comes from 

first layer Cr and that N electron density is further away from the Fermi energy, so they not appear 

in the images. Also, our two models can explain the two different c(2x2) Cr(001) reconstructions 

observed experimentally. In particular, the first model, with N atoms adsorbed on the surface, 

reproduce the STM images found in the recent study by  J.P. Corbett and A.R. Smith [1]. 

 

 

 

[1] J.P. Corbett, A.R. Smith, Journal of Magnetism and Magnetic Materials, 465 (2018) 626-633. doi: 

10.1016/j.jmmm.2018.06.037. 
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Non-quarter-wave dielectric mirror prepared by thermal atomic layer deposition 

J. Lopez [1, *];  H. Márquez [2]; H. Borbón - Nuñez [1]; N. Abundiz [1]; R. Machorro [3]; M. H. Farías [3]; H. 
Tiznado [3];  G. Soto [3] 

CONACYT - Centro de Nanociencias y Nanotecnología, Universidad Nacional Autónoma de México, Apdo. Postal 14, C.P. 22800, Ensenada, B.C. ς México; Centro de 

Investigación Científica y Educación Superior de Ensenada - CICESE, Ensenada 22860, México;  Centro de Nanociencias y Nanotecnología, Universidad Nacional 

Autónoma de México, Apdo. Postal 14, C.P. 22800, Ensenada, B.C. ς México. 

In this work we design and fabricate from n() and k( ) experimental data for both Al2O3 and TiO2 

ǎƛƴƎƭŜ ƭŀȅŜǊ ƳŀǘŜǊƛŀƭǎΣ ŀƴ ƻǇǘƛŎŀƭ ŎƻŀǘƛƴƎ ŀǎ άbƻƴ-quarter-ǿŀǾŜ ŘƛŜƭŜŎǘǊƛŎ ƳƛǊǊƻǊέ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǎǘŀŎƪ 

formula (HxLy)8Hx. Optical coating based on multilayer film on BK7 glass and Si(100) wafer 

substrates, was grown by thermal atomic layer deposition at 150 °C. Optical constants and optical 

properties of the Al2O3 - TiO2 multilayer stack, before and after thermal treatment at 450 °C, were 

studied via spectroscopy ellipsometry and UV ς Vis measurements in the spectral range from 200 to 

1100 nm. Also, similar samples were studied by means of TEM, SEM and AFM at room temperature 

in order to obtain information about the morphological properties. From optical studies, we found 

ŀ ǊŜƧŜŎǘ ȊƻƴŜ ƻǊ άǎǘƻǇōŀƴŘ ǊŜƎƛƻƴέ ōŜǘǿŜŜƴ 381 - 451 nm, with maximum reflection around of 99.9 

%, cut-off points at 371 and 455 nm after thermal treatment. This reject zone presents an acceptable 

bandwidth at 0 = 420 nm reference wavelength. Results open the possibility to fabricate dielectric-

mirrors on complex substrates without the restriction of direct evaporate exposed-view, due to the 

conformality advantage of ALD technology and its affinity with integrated nanotechnology 

applications. 

 

 

 

Keywords: Optical coating; multilayers stacks; dielectric mirror; atomic layer deposition. 
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Sensitivity to index profile on rugate notch filter performance 

Noemi Abundiz[1];  Roberto Sanginés[1]; Juan Aguila[1]; Julio Cruz[2]; Roberto Machorro[*,3] 
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Nocht filters with inhomogeneous thin films are made by several physical and chemical methods. 

The core design is an alternate deposition of high and low refractive index materials. In principle, 

the refractive index profile is a sinusoidal function, with maximum amplitude and minimum 

amplitudes are equal to the highest and lowest refractive index, respectively. In this contribution, 

we discuss the influence of the index profile of each layer on the optical performance of the filter. 

We developed a computer program based on the propagation of electromagnetic waves in 

continuous media with the characteristic matrix. We calculate the optical performance of a 

multilayer, introducing a random variation on the rugate parameters. We conclude that index profile 

is important but its shape, not a key parameter, because the reflectance of the stop band increases 

with the number of layers, the stopband bandwidth depends on the min/max refractive index ratio, 

and when apodization is required, the index envelope defines it. For these reasons, almost every 

result with poor deposition control obtains good experimental transmittance. 
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Stabilization of compounds that inhibit hyperglycemic effects from Bromelia Plumieri 
extract supported on zeolites (FAU, MFI, HEU, BETA and MCM-41) 
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The Bromelia Plumieri is a native plant from the center of Mexico and is an alternative to reduce 

hyperglycemia. In this work, we report obtaining an methanolic extract from the Bromelia plumieri 

plant (1:10). The extract was characterized by FT-IR and gas-mass chromatography, GC-MS. The 

results of this analysis showed that there are 4 predominant compounds: Phytol (29.23%), -ɹ

sitosterol (6.77%), Benzoyl bromide (6.77%) and hexadecanoic acid, ethyl ester (6.47%). The extract 

was stabilized in ̡-zeolites, MFI, FAU, HEU and an MCM-41 material. The zeolites ̡, MFI and FAU 

were supplied by the company Zeolyst, while the natural zeolites HEU used in this work come from 

Tehuacán, Puebla, Mexico. On the other hand, the material MCM-41 was a material obtained in the 

laboratory under controlled hydrothermal conditions.  

 

 

The nanoporous materials or supports used were characterized by: X-ray diffraction for zeolites and 

low angle for materials MCM-1, EDS to chemical composition, SEM for zeolites under study and TEM 

for materials MCM-41. All nanomaterials used as supports were conveniently characterized in their 

nanoporosity by means of the High Resolution Adsorption of N2 at 77 K (HRADS) in the zone of 

relative pressures of 10-6 to 1. All these nanomaterials have two types of porosity: primary and 

secondary porosity, so it is convenient to study these porosities since it is in them that the active 

phases are going to stabilize. In the zeolites in question, for steric reasons, the active phases will 

stabilize in the external area and in the MCM-41 materials in the internal area. The objective of this 

work is to characterize the active phases from the methanolic extract of the plant called bromelia 

plumieri and its stabilizing effect in the nanomaterials proposed above. As well as the evaluation of 

the porosity of the nanomaterials obtained. 
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Surface modification of polyethersulfone membranes by deposition of TiO2 to achieve 
the photocatalytic removal of the organic compounds comprising the cake in a filtration 

process 
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Membrane filtration is widely used to treat wastewater and drinking water, with notable advantages 

as some selectivity in the removal of contaminants, a low use of hazardous chemicals, and no need 

of big spaces for operation. In contrast, the fouling of thŜ ƳŜƳōǊŀƴŜΩǎ ǎǳǊŦŀŎŜ ǊŜŘǳŎŜǎ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ 

of filtration, shortening the lifetime of the membrane and increasing the energy demand. The 

formation of the cake throughout the filtration process causes the obstruction of the membrane 

pores, thus using photocatalysis to remove this cake can be an approach to increase the 

performance and lifetime of the membrane. This work proposes the surface modification of a 

polyethersulfone membrane with nanoparticulated TiO2 (either P25 or sol-gel). Superficial 

modification was performed by the self-assembly process of TiO2 on the membrane surface. A TiO2 

suspension in distilled water was sonicated to obtain a dispersion; then, hydrated membranes were 

and put into the TiO2 suspension for different time intervals under orbital stirring. Modified 

materials were thoroughly washed with distilled water and dried at 65 °C for 40 min. The occurrence 

of TiO2 on the membrane was identified via Raman spectroscopy. Changes in the superficial 

structure upon TiO2 deposition were observed ǘƘǊƻǳƎƘ {9aΦ aŜƳōǊŀƴŜΩǎ ŎƻƴǘŀŎǘ ŀƴƎƭŜ ǿŀǎ 

calculated by the drop contour analysis, while surface area was determined by the BET method. In 

photocatalysis test, high degradation of methylene blue was achieved using UV-A/visible light 

irradiation. The stability of the deposited TiO2 on the membrane was assessed by determining the 

leaching of Ti from the membrane via ICP-OES. In conclusion, modification of the polyethersulfone 

membrane can be achieved by TiO2 deposition using a simple self-assembly method. The obtained 

material was photoactive and might be used for the removal of the cake on the membrane in the 

filtration processes. 
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femtosecond laser-induced periodic surface structure formation on thin metal films 
upon atmospheric irradiation 
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We studied the formation of laser-induced periodic surface structures (LIPSS) on thin films of 

bismuth, titanium, vanadium, and gold by femtosecond laser irradiation, experimental results were 

contrasted with theoretical models. 

 

In the last few decades, LIPSS have received considerable attention due to the fact that its single-

step processing provides a reliable surface nanostructuring, which enhances some of the surface 

properties. This sparks potential in several fields such as photonics, plasmonics, and eventually 

industrial and medical applications. A commercial Ytterbium-doped fiber laser amplified system 

(Satsuma Amplitude HP2), emitting ultrashort pulses 270 fs of durations and central wavelength at 

1030 nm. All the irradiations were performed at normal incidence in atmospheric air.  Optical and 

morphological inspection of the formed LIPSS was performed by optical microscopy, scanning 

electron microscopy, and atomic force microscopy. Micro-Raman spectroscopy was used to identify 

chemical and structural changes in the irradiated regions. 



Symposium of Nanoscience and Nanomaterials 2019, 
1-5 April, 2019, Ensenada, B.C., México 

AMPN - 18 

 

 
e-mail: linabolivar12@gmail.com 

Carbon Nanotubes and Graphene Promote Pyrolysis of Free-Base Phthalocyanine 

Lina M. Bolívar [*, 1]; Vladimir A. Basiuk [1]; Victor Meza [1]; Elena V. Rybak-Akimova [2]; Elena V. Basiuk 
[3] 

Instituto de Ciencias Nucleares-Universidad Nacional Autónoma de México; Departament of Chemestry- Tufts University; Instituto de Ciencias Aplicadas y 

Tecnología-Universidad Nacional Autónoma de México. 

The possible noncovalent functionalization of pristine single-walled carbon nanotubes (SWCNTs) 

with free-base phthalocyanine H2Pc was proposed, by following the sublimation protocol used for 

nanotube functionalization with unsubstituted metal phthalocyanine complexes. While we found 

the preparation of target SWCNTs+H2Pc hybrid to be generally affordable, a highly undesirable side 

effect of partial H2Pc pyrolysis was detected, under the conditions when this phthalocyanine is 

supposed to be stable. One of the main decomposition products is phthalonitrile, as identified by 

Fourier-transform infrared and Raman spectroscopy. The yield of phthalonitrile is roughly of the 

order of 1%, whereas the estimates of how much phthalocyanine remained undecomposed gave 

77-79%. The experiments with H2Pc sublimation in the presence of pristine multi-walled carbon 

nanotubes (MWCNTs) and graphene were performed, getting the yield of phthalonitrile of 5% and 

1%, and the degree of phthalocyanine preservation of about 64% and 76%, respectively. To 

explanation of the physico-chemical phenomena which could cause H2Pc pyrolysis, we employed 

theoretical calculations. We found that even though H2Pc molecule undergoes bending distortion 

upon physical adsorption on cylindrical SWCNT sidewalls, this distortion causes an increase in the 

energy of phthalocyanine macrocycle which is insufficient to provoke its thermal decomposition. 

Besides that, the curvature effect cannot explain H2Pc pyrolysis in the presence of MWCNTs and 

especially graphene, whose surface is essentially flat. The phenomenon which was concluded to be 

a more likely explanation for the thermal behavior of H2Pc is based on its covalent attachment to 

the topological defects, which contain pentagonal rings, are very common in all graphite-derived 

carbon nanomaterials and capable of reacting with amines via nucleophilic addition process. 

 

Keywords: Free-base phthalocyanine, Pyrolysis, Carbon nanotubes, Graphene; Phthalonitrile
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Fabrication and characterization of optomagnetics nanoparticles for the treatment of 
melanoma 

Claudia Alcira Espinoza González [*1,2]; Gustavo A. Hirata Flores [2]; Patricia Juárez Camacho [1] 
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In this work we developed four magnetic rare-earth-dopedluminescent nanoparticles (MRE-NPs) 

using the sol-gel method. We evaluated their physicochemical and optical properties to find the 

more promising MRE-NPs that allow us a better uptake and reduce the proliferation of melanoma 

cancer cells. The nanocrystalline phosphors were obtained by post-annealed of the powders at 900-

1100 °C for 3h. X-Ray Diffraction (XRD) characterization showed the crystal phase for each 

nanomaterial according to the JCPDS data base reports. Nanocrystalline morphology was analyzed 

by Transmission Electron Microscopy (TEM). Surface chemical groups were detected by Fourier 

transform infrared spectroscopy (FTIR). The synthesized nanophosphors showed strong emission at 

different wavelengths (visible and infrared) corresponding to different RE3+ ions. The amount (or 

proportion) of Eu was optimized in order to obtain semi-spherical particles (80 nm diameter), and a 

higher quantum yield in luminescence properties. Future experiments include testing the MRE-NP-

nanothermometer activity in melanoma cancer cells to demonstrate their potential as a new 

antitumoral agent. 
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GROWTH OF ULTRA-THIN FILMS OF ZNO ON MAGNETO-CONTROLLABLE CORE-SHELL 
NANOPARTICLES 

A. Ortiz-Atondo[1];  J. Tortoledo-Lafarga[2]; V. Rios-Vargas [2]; J. Lopez[3]; F. Muñoz-Muñoz[1]; J. M. 
Romo[2]; and H. Tiznado[2] 
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Nowdays, a research area of great interest in nanotechnology is the development of nanoparticles 

for different applications. This work focus in core-shell nanostructures synthesis based on 

Co0.25Zn0.75Fe2O4 ferrite nanoparticles with superparamagnetic behavior via chemical co-

precipitation method from aqueous salt solutions in alkaline medium and coated with a silica shell 

(SiO2), through the sol-gel method as removable template. ZnO ultrathin layer was growth over 

SiO2 template via atomic layer deposition technique (ALD). After coating the template with ZnO, it 

was removed via chemical method in order to obtain a functional material with interesting 

properties that can be applied in photocatalysis, magnetic separation and drug transport. 

Nanostructures were characterized by XRD, VSM and TEM in order to study the structural, magnetic 

behavior, removable template morphology, particles size and ZnO coat thickness. TEM measures 

for zinc-cobalt ferrites coated with silicon oxide allows to observe nanoparticles with a diameter size 

distribution between 7 and 11 nm and ZnO layer thickness with approximately 30 nm. Magnetic 

measures from M vs H loops, indicate a tendency superparamagnetic behavior which is a good 

indicator of the high magnetization capacity. X-rays diffraction pattern allowed confirm spinel 

structure formation, features this kind of ferrite. This results opens the possibility to use this 

functional materials in different nanotechnology fields. 
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Hybrid diamagnetic-ferromagnetic response of SiO_2 opals with Ni nanoparticles 

Carlos Ernesto Ávila-Crisóstomo [1]; Marina Shelyapina [2]; Anna Shmyreva [3,2]; Umapada Pal [1];  Felipe 
Pérez-Rodríguez [*,1] 

Benemérita Universidad Autónoma de Puebla, Mexico; Saint-Petersburg State University, Russia; Charles University, Czech Republic 

The magnetic properties of artificial SiO_2 opals infiltrated with nickel nanoparticles are studied 

both experimentally and theoretically. The response of the composite has a ferromagnetic region 

followed by a diamagnetic one when the magnitude of the external magnetic field is increased. 

These characteristics are not observed in most cases due to the low magnetic response of the 

elements involved. Diamagnetism in the artificially synthesized opals was observed, having a 

negative magnetic susceptibility of the order of 10^{-5}. Also theoretical calculations were 

performed on the basis of the Landau-Lifshitz-Gilbert (LLG) equation, taking into account the dipole-

dipole magnetic interaction between Ni nanoparticles, as well as the diamagnetic response of the 

host material. Enhanced diamagnetic response of the magnetic nanocomposite is experimentally 

observed and theoretically explained as the effect of the local magnetic field on each Ni 

nanoparticle. 
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Magnetron sputtering of titanium and graphite, with and without magnets, using DC, P-
DC and RF 

S. MUHL*[1]; S.E.RODIL [1]; L.E. SANCHEZ-BALANZAR [1]; E. CAMPS[2] 
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Magnetron sputtering has been used extensively to deposit thin films for a very broad range of 

applications. Magnetrons use a magnetic field close to the cathode to trap electrons and produce 

an increased ionization of the gas. This increased plasma density allows sputtering at lower 

pressures, higher sputtering rates and greater bombardment of the deposit. The optimal magnetic 

field strength depends on a combination of the sheath width and the target voltage. If the electron 

cyclotron radii are significantly less than, or much larger than, the sheath then little increase in the 

ionization is produced. It has been proposed that when RF or pulsed DC (P-DC) are used the 

overvoltage associated with restarting the plasma in each cycle, plus the varying target voltage 

means that the magnetron has little effect, i.e. that the magnetic field is only effective for a small 

part of each cycle. To study this idea, we have prepared carbon and titanium thin films by low 

pressure argon magnetron sputtering, with and without the magnets, using the same experimental 

conditions, but with DC, RF or 250 kHz P-DC. Without the magnets the maximum useable plasma 

power was less than 80 W for the RF and 200 W for the P-DC, using the graphite target, and 300 W 

RF and 200 W P-DC using the titanium target. Applying higher powers resulted in very unstable 

plasmas and/or plasma extinction. The deposition rates without the magnets were about half that 

of when they were present, independent of the target or type of high frequency excitation, and the 

DC deposition rates were 2 to 3 times the high-frequency rates. The thickness uniformity, hardness 

and adhesion of the films to the glass substrates were strongly dependent on the type of electrical 

power used. 
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Understanding Bi3Ge4O12 electrochemical behavior as Li-ion anode 

Jassiel R. Rodriguez [1,*]; Carlos Belman [2,3]; Sandra A. Aguirre [3]; Sergio Aguila [3]; Yanning Zhang [4]; 
Hongxian Liu [4]; Vilas G. Pol [1] 
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Ex-situ XRD, DTF calculation and systematic electrochemical experiments were performed to gain 

insight into the conversion and alloying reaction of Bi3Ge4O12 as promising anode for Lithium ion 

batteries. Ex-situ XRD permitted to identify the phase transitions that occurs inside Bi3Ge4O12 

anode during (de)lithiation processes, revealing an irreversible Bi3Ge4O12 phase transformation to 

a mixture of oxides, Bi2O3 and GeO2, after its first (de)lithiation cycle. DFT calculation indicated that 

Li-ions prefers octahedra sites surrounded by oxygens and Bi2O3 is more easily lithiated than GeO2. 

The electrochemical evaluation of Bi3Ge4O12 exposed an continuous loss of capacity due to the 

inactivation of the conversion and alloying reaction related to bismuth as result of the vanishing of 

some active species, indicating that the specific capacity delivered by Bi3Ge4O12 after 100 cycles 

depends meanly of the (de)lithiation reactions associated to germanium. 
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Ag nanoparticles embedded in a magnetic composite for magnetic separation 
applications 

J. López [ 1, *]; J.M. Aguilar-Torres [ 2,3]; L. A. Arce-Saldaña [ 2,4]; A. Portillo-López [ 3]; S. González-
Martínez [ 3]; J. S. Betancourt [ 5,6]; M.E. Gómez [ 5]; E. Vargas-Viveros [ 3]; D. Dominguez [ 4]; H. Tiznado 

[ 4]; G. Soto [ 4] 
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This work is focused on the preparation of a multifunctional compound consisting of silver 

nanoparticles (AgNPs) embedded in a matrix of amorphous carbon previously loaded with Fe3C 

magnetic particles. The objective is to use the antibacterial properties of the AgNPs for 

environmental purposes, in such a way that the AgNPs can be recovered by physical means 

(magnetic separation). The synthesis method was direct from ferrocene, silver nitrate and 

polyethylene glycol placed in a reaction tube and pyrolyzed by a plasma produced under vacuum 

conditions. For this, a conventional microwave oven was used. The compound obtained is a black 

powder, with similar consistency to graphite, but it responds strongly to the application of magnetic 

fields. The material was thoroughly characterized by X-ray photoelectron, energy-dispersive X-ray 

spectroscopies; transmission and scanning electron microscopies; X-ray diffraction, as well magnetic 

characterizations using a vibrating sample magnetometer. The material showed a homogeneous 

dispersion of metal particles in the carbon matrix. We conclude that the combination of magnetic 

and antibacterial properties makes this material interesting for several applications through the use 

of magnetic separation protocols. 

 

 

 

 

Keywords: core-shell magnetic nanostructures; Fe3C; activated carbon; magnetic separation; 

wastewater treatment; antibacterial material.  
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Berry phase and spin Hall current response of spin-orbit coupled systems 
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We study the Berry phase and its influence on the spin Hall conductivity in a two-dimensional system 

with generic k-linear spin-orbit (SO) coupling. These quantities were analytically calculated including 

a normal-to-the-plane component of the SO vector field in the Hamiltonian, in contrast to recent 

reports. Within the linear response theory, the (static) spin conductivity tensor is obtained by 

employing a conserved spin current, composed of the conventional and spin-torque currents. 

Having derived a SO Hamiltonian with Rashba and linear-in-momentum Dresselhaus couplings for 

an arbitrary crystal orientation, we explore a possible universal connection between the spin Hall 

current response and the Berry phase for a given sample growth direction, besides the well known 

[001] case. 
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Biopolymer-zinc oxide dressings for wound healing applications 

Daniela G.Castro-Bertin[*,1]; Johanna Bernáldez-Sarabia[2];Lesly S. Gomez-Aparicio[3];Alexei Licea-
Navarro[2]; Priscy A. Luque-Morales[1]; Ana B. Castro-Ceseña[2]; 
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Biopolymers such as alginate and gelatin have essential characteristics such as, high 

biocompatibility, non-toxicity and biodegradability for being used as biomaterials in wound healing 

process. For example, 3D porous structures may be prepared using gelatin, which allows cell 

proliferation. While alginate based-materials are used for their hemostatic properties. Therefore, in 

the present work, wound dressings based on these biopolymers, and incorporating zinc oxide (ZnO) 

nanoparticles (20nm diameter) were developed. Addition of ZnO nanoparticles (2 mg/ml) provided 

antioxidant capacity 25% (oxidation inhibition) to the dressings. Gelatin- and alginate-based 

materials showed antimicrobial activity against Escherichia coli after incorporation of 5 mg of ZnO 

to the dressings. Analysis by Scanning Electron Microscopy showed that both dressings, i.e. gelatin- 

or alginate-ZnO materials, are porous (100 ς 200 nm pore size). In this work, porous and flexible 

materials, with antimicrobial and antioxidant activity were developed. Based on these results, the 

obtained biomaterials may be a good choice for wound healing applications. 
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CHARACTERIZATION OF MoS2-CNx MULTILAYER COATINGS BY NANOINDENTATION 

Aime Gutiérrez-Peralta [1*]; Carlos Alberto Ávila Herrera [1]; Joel Moreno Palmerín [2]; Jorge Morales-
Hernández  [3];Gustavo  Zambrano  [4];  José Martín Yáñez-Limón [1] 
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Molybdenum Disulphide (MoS2) and amorphous carbon nitride (CNx) are known as solid lubricants 

and widely used in engineering applications. The sputtered MoS2 coating has low coefficient of 

friction and low wear rate in dry air and vacuum environment; however it has shown a degradation 

of tribological properties in moisture environment, instead amorphous CNx is hard and chemical 

inert material. The mixture of MoS2 and CNx layers will possibly improve their performance against 

wear in environmental conditions. 

 

 

In this work a multilayer arrangement with alternating layers of CNx and MoS2 are suggest achieving 

a low friction coefficient and wear resistant due that both materials have present good self-

lubrication. In addition, several studies reported that multilayer coatings have better properties 

than single layers. 

 

 

The MoS2  layer was prepared by D.C pulsed sputtering technique in inert atmosphere (100% Ar), 

after a  CNx layer was grown by reactive DC sputtering in a 90%-10% mixture atmosphere of Ar and 

N2, respectively. This period was repeat from 1 to 5 times, the multilayer coatings were deposited 

a stainless steel substrates; these were analyzed by Field emission scanning electron microscopy 

(JEOL 7610F), and atomic force microscopy (Park systems AFM) to characterize the morphology and 

topography.  

 

The multilayer coatings were investigated by AFM nanoindentation and IBIS nanoindentation 

system using a Berkovich indenter with a force resolution is nN and N˃, respectivaly. The 

nanoindetation test determine hardness and elastic modulus. The values mechanical properties of 

multilayer coatings can be related to performance as solid lubricant. 
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Cathodoluminescence and electrical conduction mechanism on single ZnO nanobelts 
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Currently, the main theme in nanoscience and nanotechnology is to develop simple methods to 

synthesize ultrathin nanostructures being able to manipulate these materials and exploring novel 

electrical properties to enable high-density device integration taking advantage of the 

confinement properties. ZnO nanostructures are attractive due to their variety of morphologies and 

availability of low-cost and straightforward processing such as Thermal Evaporation (TE) technique. 

In this work, we report the optimization of ZnO nanobelts 

synthesis by TE and demonstrate that its defect structure dominates their electrical conductivity 

properties. The synthesis of ZnO nanobelts took place in a horizontal TE furnace onto ZnO ceramic 

substrates at 600°C, by using N2 as a carrier gas with a flow between 3.0 -3.2 sccm. 

Cathodoluminescense (CL) measurements showed two bands centered at 3.2 and 2.5 eV, attributed 

to the ZnO band edge and oxygen vacancy-related emissions, respectively. Scanning Electron 

Microscopy (SEM) images revealed the presence of pinholes and folds on the surface of the 

nanobelts, which was confirmed using Atomic Force Microscopy in Conducting mode (C-AFM). 

Leakage current (LC) images obtained with a forward bias of 5V reveal the generation of signal 

contrast at some pinholes and grain boundaries regions.  

 

I-Vcurves acquired for the electrical conduction through the cross-section of the nanobelts showed 

a Poole-Frenkel mechanism. Electrical conduction along of individual ZnO nanobelts was studied by 

using a micromanipulator, coupled in the vacuum chamber of the SEM, composed of two In/W 

microelectrodes. I-V curves acquired at bias lower than 13 Volts confirmed a Poole-Frenkel electrical 

mechanism.  

 

 

Several I-V curves obtained at bias between -10 and 10 V permitted us to calculate the sheet 

resistivity of nanobelts, recording values between 5 to 7 ʍ-cm. 
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CdS films as transport layer deposited by a novel PCD technique for perovskite hybrid 
solar cells 
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For years semiconductor materials have been applied in solar cells, in general for optoelectronic 

devices; these are based on the photovoltaic phenomena which consists in the efficient absorption 

of light, charge separation of electron-hole pair and the fast transport and extraction of charge 

carriers to avoid recombination processes. Few years ago, silicon-based technologies had been 

promising, until efficiencies were greater than 20% obtained from devices with hybrid organic-

inorganic architectures based on perovskites used as light absorber components, which offer easy 

processing, high efficiencies and low costs. The configuration of the perovskite is of the ABX3 type, 

where A (mainly CH3NH3), B (Pb or Sn), X (Cl, Br, I). One of the traditional architectures of hybrid 

organic-inorganic devices, based on perovskites is the addition of a mesoporous base (mostly used 

titanium dioxide) and a hole transport layer (2,2´,7,7´-tetrakis-(N,N-di-p-methoxyphenylamine)-9,9-

bifluorene (spiro-OMeTAD)) which have been obtained efficiencies greater than 15%.  It has been 

observed that in combination with perovskite, the electron transport layer plays an important role 

in maintaining the stability of the device. In this work we analyzed the deposit of Cadmium sulfide 

(CdS) films as an electron transport material in the perovskite-based solar cell. CdS was grown by 

photochemical deposition technique from an aqueous ammonia-free solution at room temperature. 

CdS despite being highly used in thin film solar cells, has not been explored in perovskite-based 

ŘŜǾƛŎŜǎΣ ǿƘƛŎƘ ƳŀƪŜ ƛǘ ǎǳƛǘŀōƭŜ ŘǳŜ ƻŦ ƛǘǎ ƻǇǘƛƳŀƭ ŦŜŀǘǳǊŜ ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ŎƘŀǊƎŜ ŎŀǊǊƛŜǊǎΩ ƘƛƎƘ 

mobility, low cost, fast and simple via process and scalable flexible solar cell applications.
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Design and synthesis of anti-reflective filters 
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The use of cell phones, televisions, computers, lenses, windows, which are made up of different 

components such as transistors, processors, coatings, etc., has a great impact on the daily life of 

man. The thin films coatings have different properties such as hardness, color, transparent 

conductive layers or antireflective properties.  

 

The antireflective filters are usually used in eyeglasses, telescopes and solar cells. Currently, in the 

industry it is important to improve the performance of this kind of coatings. In this work, the design 

and synthesis are presented using materials such as silicon dioxide (SiO2), aluminum oxide (Al2O3), 

aluminum nitride (AlN) and zinc oxide (ZnO), obtaining a transmission greater than 96 % at 505 nm. 

Subsequently, the material layers were synthesized on BK7 glass through the sputtering technique. 

The optical characterization of each layer was by in-situ ellipsometry and plasma spectroscopy, in 

order to determine the optimal conditions of growth of the layers and its reproducibility. 
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Nowadays, windows with Low-Emissivity (Low-E) optical filters technology in buildings reduces 

thermal interchange with the environment, saving up to 30% of the energy used to maintain the 

building's temperature.  Commercial designs of these filters use silver, which is expensive and also 

loses its properties when it gets in contact with the atmosphere, or when moisture filtrates towards 

the thin silver layer (Ando, 1999). 

 

This work aims to develop a design that uses aluminum instead of silver to obtain a cheaper, efficient 

and durable Low-9 ŦƛƭǘŜǊΦ ¢ƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ŦƛƭǘŜǊ ǿŀǎ ǎƛƳǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ǎƻŦǘǿŀǊŜ ΨhǇŜƴ CƛƭǘŜǊǎϥ 

(Martinu, 2008) based on the propagation of electromagnetic waves in continuous media, using 

different types of materials. The Low-E filters were simulated varying the layer thickness values and 

the stacking order, searching for the best theoretical efficiency (high transmittance >80% in the 

visible range and high reflection in the infrared) (Leftheriotis & Yianoulis, 2012). The synthesis of the 

best aluminum-based Low-E filter was performed in a double cannon sputtering; the whole filter 

was synthesized without opening the chamber, in order to avoid the filter interaction with the 

atmosphere, preventing any layer oxidation from the stack. Plasma spectroscopy and ellipsometry 

were applied in situ, to find the optimal deposition conditions and also for controlling and 

monitoring the process looking for its reproducibility. 
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In this work, the fabrication and electrical characterization of FET transistor with ʌ-MOSFET 

structure based on GaN as active layer are presented. The transistor fabricated consists of a 

structure GaN/SiO2/n-Si/AlGate. In order to characterize the response of the MOS device, different 

channel lengths with a constant width of 1 mm were implemented. The ID-VDS curves with different 

gate voltages were measured by means of a semiconductor characterization system. The FET 

transistor with ʌ-MOSFET structure shows a mode operation based on the depletion behavior. A 

decrease of the Drain current in the saturation region was associated with the modulation of the 

carriers on the channel. The GaN films were deposited on silicon substrates with a low resistivity 

surface by the CVD technique at 950 °C. 
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Effect of La3+/Sr2+ ordering on the magnetic properties of La2/3Sr1/3MnO3 by first 
principles calculations 

IȰ[ƛƴƘ IȰaǂƪ ώϝΣмΣнϐΤ 9ǎǇƛǊƛŘƛƽƴ aŀǊǘƝƴŜȊ !ƎǳƛƭŀǊ ώмΣнϐΤ WƻǊŘƛ wƛōŀǎ !ǊƛƷƻ ώоϐΤ WŜǎǵǎ aŀǊƝŀ {ƛǉǳŜƛǊƻǎ 
Beltrones [2]; José Luis Sánchez Llamazares [4]; and Oscar Raymond Herrera [2] 

Posgrado en Física de Materiales, Centro de Investigación Científica y de Educación Superior de Ensenada, Carretera Tijuana-Ensenada No. 3918, Zona Playitas, 

Ensenada 22860, Baja California, México; Centro de Nanociencias y Nanotecnología, Universidad Nacional Autónoma de México, Apdo. Postal 14, Ensenada 22860, 

Baja California, México; Departament de Ciència de Materials i Química Física and IQTCUB, Universitat de Barcelona, Martí i Franquès 1, 08028 Barcelona, Spain; 

Instituto Potosino de Investigación Científica y Tecnológica A.C., Camino a la Presa San José 2055, Col. Lomas 4ª sección, CP 78216, San Luis Potosí, S.L.P., Mexico. 

The La2/3Sr1/3MnO3 (LSMO) material is a promising candidate for Spintronics as a source of spin-

polarized electron current. To date, many theoretical works have been focused on describing the 

physical properties of La1-xSrxMnO3 with cubic and/or tetragonal perovskite structure. However, a 

detailed discussion on the effect of the Sr distribution on the magnetic properties of LSMO is still 

missing in the Literature. In this work, using DFT+U formalism, we investigate the effect of the order-

disorder in the A-site occupation by La3+ and Sr2+ on the stability of the ferromagnetic order in 

LSMO bulk with Ὑоὧ symmetry. For this purpose, we employ structural models corresponding to 

rhombohedral Rоc symmetry consisting of 120 atom supercells constructed according to the precise 

stoichiometry of the compound. Two configurations, describing randomized and ordered 

occupation of the La3+ and Sr2+ ions, are evaluated. The electronic structure of these configurations 

has been studied by means of an analysis of their density of states, band structure, electron density 

and electron localization function. We have demonstrated that the ferromagnetic arrangement of 

the LSMO with La3+ and Sr2+ ions randomly distributed is more stable than that with an ordered A-

site occupation. We find that with the random configuration, is not possible to distinguish between 

Mn3+ and Mn4+ ions, thus favoring the double-exchange mechanism, which in turn is enhanced by 

the high degree of covalence in the Mn-O bonds near the Fermi level between the spin-up Mn-eg 

orbitals with the O-p orbitals.
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Effect of the Hydrogen flow: Electrical and optical properties of SRO films with Si-ncs 
deposited by HFCVD 
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In the present work, the effect of the hydrogen flow on the optical and electrical properties of silicon 

rich oxide (SRO) films is reported, which were deposited by hot filament chemical vapor deposition 

(HFCVD) technique. The SRO films were realized with three different hydrogen flows: 25, 50 and 75 

sccm, the others deposition parameter were fixed. Structures MOS-like were fabricate with SRO 

films, the devices MOS-like were labeled as A, B and C respect to hydrogen flows 25, 50 and 75 sccm, 

correspondingly. The contacts of the upper and lower devices were made of aluminum deposited 

on a high vacuum evaporator; the area of these was of 0.00785 cm-2. The optical results of the SRO 

films show transmittance spectra bigger than 70 % in the visible range and the absorption edge 

exhibits shift to low wavelength, when the hydrogen flow decreases; which in turn indicates a 

decrease in the Si excess as well as an increase of the optical energy band gap; this affirmation can 

be related with previous results obtained by XPS. The SRO films show broad Photoluminescence (PL) 

spectra with main peaks at 688, 750 and 825 nm, where the PL intensity decreases as the hydrogen 

flow increase, which are related with the increased in the silicon excess as silicon nanocrystals (Si-

ncs), which is confirmed with HRTEM micrographs. The structures MOS-like show an interesting 

photovoltaic effect due to SRO films with Si-ncs. These effects are obtained when devices were 

illuminated with white, UV-short and UV-large light. These photovoltaic characteristics were used 

to obtain the photosensitivity, responsivity and quantum efficiency.
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A classical heat engine is a device that extracts energy from a high temperature heat source, it 

generates work with an amount of this energy and the rest is release into a low temperature drain. 

It is well known that the highest possible efficiency of a heat engine is reached by following the 

Carnot cycle.  Many systems and processes have been studied in order to increase the efficiency of 

a heat engines, it was with the study of quantum systems that Quantum Heat Engines (QHE) have 

been theoretically proposed. In a QHE it is consider a single particle confined by a quantum well 

which walls play the role of a piston by moving in and out. In this work we introduce multiple energy 

levels that are available to the confined particle in a two-dimensional square potential well that has 

periodicity in both sides of the well, thus the space where the particle moves can be considered as 

a torus.  

 

Following a modified carnot cycle, in which the well is not fully expanded during the first isothermal 

process but equally expanded, as the case for a normal carnot cycle,  during the adiabatic process, 

we find that the efficiency of the QHE depends directly on the energy levels used during the whole 

cycle. These results enable us to extend our understanding about the effects of spatial periodicity 

and quantum superposition on the efficiency of a QHE. 
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Electroluminescence in MOS devices with SRO films deposited by the HFCVD technique 
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Electroluminescence (EL) and optical characterizations of Metal Oxide Semiconductor (MOS) 

structures with Indium tin oxide (ITO) and gold used as contacts, constituted by silicon-rich oxide 

(SRO) nanometric films are reported in this work. The monolayers (SRO25 and SRO100) and bilayers 

(SRO25/100 and SRO100/25) films were obtained by hot filament chemical vapor deposition 

(HFCVD) technique, on substrates of Silicon (Si) and Quartz (Q). The hydrogen fluxes used for the 

deposit were 25 and 100 sccm. Both monolayers and bilayers after the deposit were thermally 

treated. Different characterization techniques were used. Ellipsometry and Scanning Electron 

Microscopy (SEM), was used to obtain and compare the thickness of the SRO films, SRO25309.65 

nm and SRO100275.65 nm. Fourier transform infrared (FTIR) spectroscopy showed greater 

intensity in absorption and shifts at higher wave numbers, after thermal annealing, and the 

disappearance of the characteristic hydrogen peaks, indicating a better stoichiometry. Using the UV-

Vis technique, the energy of the gap (Eg) SRO films were obtained, with the purpose of obtaining 

the Si-ncs diameter. Which was corroborated with the analysis of photoluminescent (PL) and High-

resolution Transmission Electron Microscope (HRTEM). With the different PL intensities and shift to 

higher wavelengths after annealing thermal of SRO films, was calculated the Eg to obtain the Si-ncs 

diameter and corroborate it with the HRTEM of 4.40.7 nm. The measurement in I-V curves in the 

first voltage sweeps made to pristine devices, show instability in measured current values, after 

reaching a certain value of the applied electric field, the IV curves are stabilized. I-V curves seem to 

show a Poole-CǊŜƴƪŜƭ ŎƻƴŘǳŎǘƛƻƴΩǎ ƳŜŎƘŀƴƛǎƳΦ 9ƭŜŎǘǊƻƭǳƳƛƴŜǎŎŜƴŎŜ ǎǇŜŎǘǊŀ ŦǊƻƳ ŀƭƭ ƻǳǊ {wh 

structures start at low current of 60uA and at a voltage greater than 28V to turn on few bright dots, 

up to voltages greater than 150 V where the highest number of bright dots is observed. 
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Recent advances in nanotechnology have made possible the fabrication of structures whose 

dimensions are in the nanometric regime (Datta, 1997). These structures can be made with the use 

of organic molecules as components which can replicate electronic devices at the mesoscopic scale. 

One common synthetized device is the nanowire (Poarth et al, 2000), used for charge and 

information transport. We model this system using the tight binding formalism, solving for the 

atomic and bond energies with the Greenian matrix version of the discretized Schrödinger equation. 

Then, we calculate the system transmission with the help of the Lippmann-Schwinger scattering 

theory. Following the electronic transport model proposed by Sulston and Davison (2015) for 

benzene nanowires, a parameter that represents deformations in the system was introduced. The 

purpose of this was to see whether the transmittance resonances conservate and in which energy 

intervals, if the system is strained. In this work, we show how the Transmittance-Energy profiles 

varies depending on the type of strain applied to the system, these being increments or decrements 

in the hopping energy. We found optimized intervals where a resonance maintains despite a 

deformation and intervals where a gap is created, reflecting the semiconductor qualities of the 

system. The latter being important for the fabrication of electronic components. 
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Advanced oxidation processes (AOPs) are emerging as viable remediation technologies for water 

ŎƻƴǘŀƳƛƴŀǘŜŘ ǿƛǘƘ ǊŜŎŀƭŎƛǘǊŀƴǘ ƻǊƎŀƴƛŎ ǇƻƭƭǳǘŀƴǘǎΦ ¢ƘŜ !htΩǎ ǇǊƻŘǳŎŜǎ ƘȅŘǊƻȄȅƭ ǊŀŘƛŎŀƭǎ ǘƘǊƻǳƎƘ 

chemical pathways such as the Fenton reaction, requiring the addition of H2O2 as a precursor, for 

the oxidation of recalcitrant pollutants in the water [1].  

 

Magnetite has been documented for its ability in the formation of Fenton reagent besides its ability 

to absorb inorganic contaminants and heavy metals, becoming the magnetite as a viable solution 

for water contaminated with recalcitrant organic pollutants. [2]. 

 

In this work, we explored the stability of magnetite nanoparticles (Np Fe3O4) when using different 

stabilizing agents (Chitosan and CTAC) assisted by ultrasound. The obtained dispersions were tested 

for the removal of a target molecule (Amaranth Red) tracking it by UV-Vis spectrometry. The 

concentration of hydrogen peroxide as a precursor, pH and the sunlight effects were evaluated.  

 

Additionally, we analyzed our magnetite dispersions for the removal of recalcitrant pollutants from 

¢ƛƧǳŀƴŀΩǎ Ŏƛǘȅ ǿŀǎǘŜǿŀǘŜǊ ǇǊƻǾƛŘŜŘ ōȅ /9{t¢Φ ¢ƘŜ ŘŜƎǊŀŘŀǘƛƻƴ ǘŜǎǘǎ ǿŜǊŜ ǘǊŀŎƪŜŘ ōȅ ŦƭǳƻǊŜǎŎŜƴŎŜ 

spectroscopy, total organic carbon and chemical oxygen demand. 

 

Finally, we fabricated a buckypaper using the iron oxide nanoparticles anchored to CNx, looking 

forward to a functional material which could enhance the electrochemical promotion of the Fenton 

reaction, a key reaction for wastewater treatment. 
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Fabrication of a photodiode based on ZnO nanowires 
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We present a cathodoluminescence (CL) study of the distribution of point defects and the electrical 

conduction mechanism in the ZnO nanowires of a Schottky photodiode. The device was fabricated 

by synthesizing the nanowires by thermal evaporation between two Au electrodes, while applying 

an AC electric field to induce alignment of the nanowires. Results demonstrate that, besides the 

alignment, the applied electric field inhibited the formation of the native defects associated with 

the well-known ZnO green emission. Furthermore, CL spectra obtained at different zones of the 

photodiode revealed an energy shift for the band-edge emission, which was assigned to changes in 

the relative intensity of two components centered at 3.23 and 3.27 eV attributed to donor-acceptor 

pair (DAP) and free electrons-acceptor (FA) transitions, respectively. Proposing the zinc vacancies 

(VZn) as acceptor centers. Electrical conduction measurements of the device under dark and UV 

illumination revealed tunneling and thermionic emission as charge transport mechanisms. We 

observed a strong photo-response of the device under UV illumination, and obtained current values 

ten times higher than those observed without it, which confirms high sensibility to detect UV 

radiation. 
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One of the most natural methods to improve the structural properties of BiFeO3, is through doping 

with Lanthanum. However, there is still discussion about the mechanisms involved to modify 

polarization, magnetic moment and structural properties. In this work, using the density functional 

theory DFT, we study the effects of doping with lanthanum, randomly, on the primitive cell of BFO; 

such effects are manifested through the analysis of symmetry and its variations when the amount 

of dopant is increased. Likewise, the deformations of the octahedra occur whenever the increase in 

doping, affecting the hybridization between O-2p and Bi-6s orbitals of BFO. To identify this case, the 

anisotropy of the Fe-O6 bonds in the direction [111] of the polarization is included as well as the 

calculation of electron function localization (ELF); which describes the mostly ionic behavior of BFO. 

However, the calculations do not show changes significant on the magnetic properties and the 

Polarization finds a minimum and a maximum during impurification.
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In this work, gelatin-based materials were prepared and characterized for their potential application 

as wound dressings. Gelatin (Gel) is a natural, biocompatible and biodegradable polymer. The use 

of gelatin has resulted in the improvement of cell attachment, which allows the connection and 

signaling of cells, which makes gelatin a very attractive biomaterial. However, gelatin matrices have 

a low stability in aqueous medium. To overcome this drawback, the polymers of 2-hydroxyethyl 

methacrylate (HEMA) and poly(ethylene glycol) methyl ether methacrylate (PEGMA), were 

incorporated to improve the stability in aqueous medium of the dressings. The obtained 

biomaterials were cross-linked by heat-dehydration at 140±2 °C and 88 kPa of vacuum. N-

acetylcysteine (NAC) was added, at different concentrations, as the bioactive compound to promote 

healing. The effect of adding HEMA-PEGMA to the gelatin matrix signicantly increased the porosity 

of the dressings. The addition of 25 g˃/ml of NAC to the Gel-HEMA-PEGMA dressings, increased the 

antioxidant capacity from 5.14 to 7.65 nmol TEAC/mg dressing, and the anti-inflammatory activity 

(related to NO removal) from 0 to 8.23 ±1.76%. These dressings had a greater degree of swelling in 

the ionic environment of a chronic wound than in water, this is favorable because a humid 

environment around the wound accelerates healing and reduces the risk of bacterial infections. The 

dressings of Gel-HEMA-PEGMA and Gel-HEMA-PEGMA-NAC showed 35±3% degradation after 20 

days of contact with an aqueous medium. Our results showed that Gel-HEMA-PEGMA-NAC 

biomaterials have a potential for applications in wound healing. 
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Currently, an application of optical filters in the industry is the low emissivity (Low-E) filters on 

windows, usually based on silver thin layers. This transparent metallic coating allows the visible light 

to pass through a window, but blocks longer-wavelength radiation, specifically infrared radiation. 

Low-E glass coatings can reflect up to 90 percent of the long-wave thermal energy, allowing much 

of the shorter-wave visible light to pass through. 

 

In this work, Low-E optical filters based on multilayers structure have been designed and 

synthesized, using copper as an alternative material instead to silver. These coatings consist of thin 

copper layers between two layers of aluminum oxide (Al2O3) and titanium oxide (TiO2) on BK7 glass. 

The synthesis method used was magnetron sputtering technique. The optical characterization of 

each layer was by in situ ellipsometry, plasma spectroscopy and UV-VIS spectrophotometry. 
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Magnetic Nanoparticles Based on Fe3C@ZnO for Photocatalytic Degradation of 
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Photocatalysis has emerged as an advance and environmental-friendly process for breakdown of 

contaminants in wastewater. This work describe the fast synthesis and characterization of magnetic 

nanoparticles based on Fe3C@ZnO. The synthesis method was direct from iron (III) chloride 

hexahydrate and urea salts placed in a reaction tube and pyrolyzed by a plasma produced under 

vacuum conditions using a conventional microwave oven converted into a plasma reactor. Magnetic 

nanoparticles powders were coating with 40 nm of ZnO thin film via Atomic Layer Deposition 

method at 150°C as photoactive material. The material obtained was characterized via transmission 

electron microscopy; X-ray diffraction and X-ray photoelectron spectroscopy. The photocatalytic 

degradation of amaranth dye used in textile and food industry was investigated. Catalyst dose of 

Fe3C@ZnO was 5 mg in 25 mL solution of colorant. The mixing (nanoparticles plus amaranth dye 

solution) was exposure during 120 min under ultraviolet (UV) irradiation conditions in a 

photochemical reactor with (16) 14 watt lamps. We found from absorption measurements, that 

around of 70 % degradation was achieved within 2 h of the colorant. Finally the catalytic material 

was recovery via magnetic separation in order to make catalyst performance and losses testing. We 

conclude that the combination of magnetic and photoactive properties makes this material 

interesting for several applications through the use of magnetic separation protocols. 

 

Keywords: Magnetic nanoparticles; Photocatalysis; Wastewater treatment; Atomic Layer 

Deposition; Magnetic separation. 
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Measurement of the thicknesses using Raman spectroscopy of silicon oxides grown on 
silicon wafers 
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The RAMAN spectroscopy for the analysis growths of silicon oxide, specifically the thickness of the 

oxide layer, has been useful to support other measurements such as FTIR. [1,2] The use of this oxide 

layer is relevant due to its electrical properties [3]. The interest was to see if it was possible to use 

this method of spectroscopy to make thickness measurements [4]. Among the multiple uses of 

silicon oxide is its compatibility with integrated circuit manufacturing technology, offering different 

band gap widths, as well as having a greater control on the creation of thin films that could be used 

with nanoparticles in optoelectronic devices. The samples that were analyzed were N-type 

crystalline silicon wafers without dopants and an orientation (100) with a resistivity of 100 - 3000 

ʍ-cm (Sigma Aldrich, 646687) to which a growth of silicon oxide was made by the dry oxygen 

method at a temperature higher than 1000 ° C and 8 hrs and atm pressure (open system). The 

measurements were made in a RAMAN HORIBA model OLYMPUS BX41 equipment using a 532 nm 

laser. Results indicate how the intensity is reduced as the thickness of the oxide increases [3], thus 

confirming the utility of the method employed. 
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Metal nanoparticles incorporation into low density materials 
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Detection of molecules in gaseous solutions is of great importance for controlled substances 

monitoring, food safety control and detection of highly toxic molecules. As general rule fast and 

efficient detection is request it, therefore the highest possible sensitivity is required. 

 

 Raman signal is rich in information related with the structure and chemical composition. To 

increase the Raman signal intensity, the interaction between the analyte and a metallic surface 

where high intensity electric field regions exists is exploited. These regions amplify the Raman signal 

intensity and the signal is called SERS (Surface Enhanced Raman Scattering). Moreover, when the 

metallic surface used corresponds to surfaces which are from metal nanoparticles (NPs) very close 

to each other, the electric field redistribution yields local high intensity regions called hotspots. 

Hotspots increase the Raman signal intensity. Then the main challenge is to promote the 

interactions between the analyte and metallic NPs surfaces. Therefore, a material which allows an 

efficient and high flow of gaseous solution at the surroundings of the NPs is required.  

 

 In this work, we proposed the incorporation of metal (Au) nanoparticles into low density 

materials as candidates to detect analytes from gaseous solutions. Three morphologies: spheres, 

rods and cubes are explored because its different plasmonic response. The proximity with other 

nanoparticles in the final material is modified by varying the density of nanoparticles incorporated 

into the low density matrix for the generation of hotspots.  
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The biggest problems in the coatings industry is the drop in the deposition rate in reactive 

sputtering. By increasing reactive gas flow to obtain the desired compound, a change in the 

discharge voltage is usually observed as well as an increase in the system total pressure. This 

phenomenon is related to the change in the secondary electron emission and the pumping or 

consumption, of the reactive gas in the system. In this work, we present the possible solutions to 

the drop of the deposition rate using a Si target and oxygen as reactive gas, taking into account the 

chemisorption of the oxygen ions on the racetrack surface. 

 

The Co-Sputtering Simulation Reactive mode software, CO-SS Rm, was developed by the authors to 

simulate the distribution of the deposition thickness at the substrate of target material, oxides or 

nitrides. The software works by analyzing the sputtering yield as a function of the reactive gas 

amount, in addition to providing the angular distribution of compound or metallic species ejected 

from the target.  

 

The simulations carried out with CO-SS Rm took into account the various phenomena that occur in 

the target in order to explain the thickness decrease of the films as a function of the amount of 

reactive gas. The sputtering of the target include the ejection of metal atoms and the formation and 

ejection of silicon oxide from the racetrack surface. The simulations were compared with silicon and 

silicon oxide thin films thickness measurements by means of an Optical Profilometer, while the 

deposit was monitored with Optical Emission Spectroscopy, OES, analyzing the emission lines of 

silicon, argon and oxygen. 
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The selective functionalization of carbon nanotubes (CNTs) surface is key to application in various 

fields of science, because the hydrophobic and inert characteristics of synthesized nanotubes at 

laboratories. For this purpose, could be used oxidizing agents to create functional groups and 

defects on the nanotubes surface. The control of chemical composition of the CNTs surface allows 

the application of these as nanostructured sensors of high specificity and sensitivity. Likewise, it 

allows the use of the CNTs as sacrificial templates for the development of ceramic material 1D 

structures. In the present work, we present a comparative study of the CNTs functionalization, 

synthesized by means of spray pyrolysis technique, exposed to oxidizing environments. The CNTs 

were exposed to an ozone atmosphere for 40 and 60 minutes, at room temperature. On the other 

hand, the CNTs were exposed to a reactive plasma for 5, 10, 20 and 30 minutes. The evolution of 

the hydroxyl, carboxyl and carbonyl functional groups on the surface of the CNTs was studied by 

infrared spectroscopy. Likewise, the structural properties of the graphitic net of the CNTs was 

evaluated by Raman spectroscopy. The morphology of CNTs were studied by SEM and TEM, before 

and after been exposed to oxydazing atmospheres. 
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Nanoporosity in Analcime natural Zeolites from Chiriqui, Panama: Pristine zeolite and 
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The present work describes the main results of nanoporosity on natural Analcime zeolite (ANA) both 

pristine and chemically treated (ANAH1, ANAH2 and ANAH3). Textural parameters from N2 

adsorption isotherms at 77 K were evaluated by the BET, Langmuir, Dubinin-Astakhov (D-A), Barrett-

Joyner-Hallenda (BJH), and Adsorption Differential Curves (ADC) equations. At the same time, the 

samples were studied by DRX, SEM and FRX. The nanopore size distribution was calculated through 

the DA and ADC methods. First of all, zeolites samples obtained values very close to the reported 

dimensions for this type of zeolites. However, the intensity in their distribution of nanopores is more 

intense in the ANA zeolite than in the chemically treated ANAH. The results of mesoporosity 

evaluated with BJH equation indicate that there is a predominant group of pores in the 3.6 nm zone, 

which could be associated with the presence of pores in the form of parallel plates corresponding 

to montmorillonite clay. The diffraction pattern of the natural sample indicates that the tuff pristine 

ANA exhibits the majority presence of the Analcime zeolite, ANA, in addition to considerable 

amounts of montmorillonite, Diopside, and quartz. The quantification of the percentages of the 

present phases was done by means of Rietveld Refinement with High Score Plus 3.0e software. On 

the other hand, X-ray diffraction patterns of chemically modified analcime zeolites show the 

characteristics bands of analcime zeolite after the chemical treatments. Meanwhile, signs of 

montmorillonite clay disappear and the characteristic peaks of Diopside prevail with the acid 

treatments. The objective of the present work is to characterize the deposits of zeolites from 

Chiriqui, Panama with physicochemical techniques and to compare with the proposed experimental 

methods the nanoporosity of these zeolites.
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We report a cathodoluminescence (CL) study of oxygen doped GaN micro- and nanorods 

synthesized on Ni0.8Cr0.2/ Si (100) substrates by thermal evaporation (TE) method; Oxygen was 

incorporated at different concentrations by varying the growth temperature parameter. Three 

samples grown at temperatures of 900, 850 and 800 °C revealed oxygen concentrations of 8.7, 10.9 

and 12.1 atomic percent. SEM images showed the formation of microstructures with cross-sectional 

faces corresponding with the wurtzite (0001) basal plane, and nanorods of about 70 nm in diameter 

with triangular nanocrystals decorating its surface. DRX measurements demonstrated a high 

crystallinity for the GaN:O samples, with a hexagonal crystalline system corresponding with the 

wurtzite-type structure. Raman spectra of the samples revealed a shifting towards low energies for 

the A1 (LO) mode induced by basal stacking faults (BSFs) and by oxygen incorporation in the GaN 

crystal lattice. CL spectra obtained at room temperature from samples showed an intense emission 

centered at 3.39 eV that corresponds to the GaN band edge, as well as three emissions centered at 

3.25, 3.1 and 2.1 eV. For these three last emissions, a red-shift was observed as consequence of 

decreasing the growth temperature of the GaN samples. The 2.1 eV emission corresponds to the 

well-known defect-related GaN yellow emission, possibly related with VN. The UV band centered at 

3.25 eV, was identified as a donor-acceptor pair (DAP) recombination, attributed to the presence of 

oxygen as impurity, forming a VGa-ON complex point defect. We propose that VGa-ON point-

defects, trapped at dislocations, and other structural defects are responsible of the yellow emission. 

We also propose that the emission centered at 3.1 eV is due to the formation of triangular 

nanocrystals that decorates the GaN nanorods, in agreement with other reports. 
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The Dye Sensitized Solar Cells (DSSCs) correspond to an attractive method to generate electricity 

economically by making use of the solar energy. One of the important components in the DSSCs is 

the counter electrode and its catalytic activity, with a great room for improvement. Nowadays, most 

of the DSSCs use a Pt film as the counter electrode due to its high catalytic activity. However, the Pt 

scarcity and high costs makes necessary to look for efficient alternatives.  

 

Therefore, we propose to substitute the platinum film by a film of nitrogen doped carbon nanotubes 

(CNx). The CNx not only present good electrical and mechanical properties, but its nitrogen doped 

sites have been found as good catalytic sites. The synthesis of CNx is performed by CVD technique 

assisted with spray pyrolysis. We start by exploring the proportion of Nitrogen doping along the 

carbon networks of the nanotubes. In order to increase the nitrogen content in the CNx we are 

varying the type and amount of chemical precursors with high contents of nitrogen, such as: 

Triphenylamine (C18H15N) which has three carbon rings around the Nitrogen; and Iron (III) 

Ferrocyanide (Prussian blue) which has six nitrogen atoms around an iron (Fe4[Fe(CN)6]3). Every 

reagent is mixed with an organic solvent into a precursors solution before the synthesis begins. A 

series of synthesis experiments are performed where the synthesis temperature is being modified. 

The obtained samples are analyzed by Scanning Electron Microscopy (SEM), X-ray Photoelectron 

Spectroscopy (XPS) and Thermogravimetric Analysis (TGA). Finally, the samples with the more 

efficient nitrogen content are being dispersed into CNx inks, by following a hydro-thermic treatment 

yielding a water based ink. 
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The study of zeolites, as well as related microporous and mesoporous materials with an ordered 

structure of homogeneous pores is one of the most active areas in the field of materials due to 

impact on science and technology. Mordenite is a zeolite, which plays a key role in many novel 

industrial applications. The reason is that this zeolite belongs to the so-called "big five"- a group of 

the most used catalysts in the industry. Therefore, there is a constant interest in a detailed study of 

this material. 

 

 

The filling of the zeolite frameworks by guest particles is usually simulated using the theory and 

approaches of the sphere packing in restricted volumes. Ideal gas particles, such as Ar, Rn, Kr, He, 

Ne, Xe, can be modeled as hard spheres, if they are based on kinetic diameter. In the simulation 

schemes, the Monte Carlo (MC) and Molecular Dynamics (MD) methods are highlighted. The 

majority of these methods are developed for the regularly shaped containers, such a cylinder or a 

cube. However, they do not represent the zeolite framework correctly, either the dimensions or 

shapes of the main channel and interconnection. In the case of the MOR, whose common 

representation is based on regular cylinders, an elliptical cylinder resembles its framework more 

closely [1]. 

 

 

In this work, an adsorption process of ideal gases was simulated as a sphere packing model in the 

MOR main nanopore using the MC method. The nanopore was designed with a 12MRc morphology, 

filing an elliptical cylinder with particles of every above-mentioned gases. In the computational 

experiment, the adsorbed particles were represented as hard spheres with corresponding kinetic 

diameter. The simulation algorithm was developed using two computational schemes; the obtained 

structures, as well as the formed occupation volume, were analyzed. 

  

 

 [1] Simoncic, P.; Armbruster, T. Peculiarity and defect structure of the natural and synthetic zeolite 

mordenite: A single-crystal X-ray study. Am Mineral, 2004, 89, 421 
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The theranostic agents results of ongoing efforts in bionanomedicine to develop more specific, 

therapies for various diseases, and to combine diagnostic and therapeutic capabilities into a single 

agent. 

 

The luminescent materials research, has been focused in the study of their physicochemical 

properties and their potential applications as diagnostics agents in biological systems.  

 

Gold nanorods (AuR) are also materials that has been tested in biological systems. The unique 

plasmonic properties of AuR can be exploited in plasmonic phothermal therapy (PPTT) by coherently 

photoexciting their conduction electrons to induce surface plasmon formation, nonradiative 

relaxation occurs through electron-phonon and phonon-phonon coupling, generating localized heat 

that can be transferred to the surrounding environment, allowing to kill cells in a localized way.  

 

In the present work, two luminescent materials: LiGa5O8:Cr (LGO:Cr) and Bi4Ge3O12:Eu (BGO:Eu) 

were synthesized, in order to be used as a potential diagnostics agents. AuR were also synthesized 

to be used as a potential therapeutic agent by PPTT. The three materials were synthesized 

separately. 

 

Herein we present the synthesis and characterization of LGO:Cr and BGO:Eu self-assembled with 

AuR by chemical methods forming: LGO:Cr-AuR and BGO:Eu-AuR. The self-assembled materials 

were characterized by SEM, TEM, UV-Vis and tested in biological systems to determined its 

biocompatibility and their potential use as a theranostic agents. 
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lasers 
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Nano-structuring over extended areas on different materials has always been a complex procedure, 

requiring a series of steps and controlled environments to achieve a uniform structure, making it 

not only a time-consuming method but also an expensive one. 

 

Laser Induced Periodic Surface Structures (LIPSS), also called ripples, have shown to be a promising 

alternative to substitute these methods, offering a fast processing time and the advantage of not 

requiring controlled environments to accomplish uniform structures, thus reducing the general cost 

of the procedure. 

 

Since their first report on 1965 by Birnbaum, the number of publications per year regarding LIPSS 

has been increasing, specially with the development of faster lasers, accessing the femtosecond 

pulse regime has opened the doorway to study this process over a wider variety of materials.  

 

LIPSS structures have shown to have promising properties for creating hydrophilic/hydrophobic 

surfaces, which can inhibit or enhance the growth of particular cells or bacteria. These structures 

can also be tailored to present different optical properties for creating antireflective surfaces or 

structural colors and some tribological applications.  

 

 

Previous work developed by our group has found the optimal parameters to create highly uniform 

[Lt{{ ƻƴ ¢ƛ ŀƴŘ .ƛΣ ōǳǘ ƻƴƭȅ ƻƴ ǘƘŜ άǇǳƴŎǘǳŀƭέ ǊŜƎƛƳŜΦ ¢Ƙƛǎ ǿƻǊƪǎ ŀƛƳǎ ǘƻ ŦƛƴŘ ŀƴŘ ƻǇǘƛƳƛȊŜ ǘƘŜ 

parameters required to process extended areas over short periods of time without sacrificing the 

quality of the final structures. 
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We herein propose a far-field super-resolution imaging with metal thin films based on the 

temperature-dependent electron-phonon collision frequency effect. In the proposed method, 

neither fluorescence labeling nor any special properties are required for the samples. The 100nm 

lands and 200nm grooves on the Blu-ray disk substrates were clearly resolved and imaged through 

a laser scanning microscope of wavelength 405nm ?ire required fur the samples. The spot size was 

approximately 0.80 µm, and the imaging resolution of l/8 of the laser spot size was experimentally 

obtained. This work can applied to the far-field super-resolution imaging of samples with neither 

fluorescence labeling nor any special properties. 




