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Transparent conductive oxides (TCOs) have garnered significant attention in scientific and techno-
logical circles due to their unique optoelectronic characteristics: high electrical conductivity coupled
with optical transparency. The quest for eco-friendly materials in TCO development remains ongo-
ing, with zinc oxide (ZnO) standing out as a promising candidate. Through supervalent doping
with elements such as Ga, Al, and In, ZnO optoelectronic properties have been notably enhanced.
Among these, Al-doped ZnO (AZO) has emerged as a top contender to replace the environmentally
hazardous In-doped SnO2. However, a debate persists regarding the mechanism through which
Al-doping influences ZnO optoelectronic properties—whether through substitutional doping or by
facilitating active structural defects—. This study delves into the Al-doping of ZnO using atomic
layer deposition (ALD) with a supercycle approach. It reveals that reducing the Zn precursor dose
during dopant cycles leads to a decrease in the saturation degree of Zn-species monolayers, result-
ing in morphological and microstructural alterations detrimental to the optoelectronic properties of
AZO films. These changes point towards an increasingly defective wurtzite structure while the Al
content remains relatively constant. The study underscores the pivotal role of unsaturated surfaces
generated by reducing the Zn precursor dose in facilitating Al incorporation reactions. To maximize
doping effects, it suggests that complete oxide substitution reactions, rather than conventional ALD,
should govern growth while preserving crystallinity. These findings hold implications for optimiz-
ing the optoelectronic properties of AZO films deposited by ALD. They steer the debate towards
the hypothesis that electrical properties are influenced by Al substitutional doping alongside active
defects formed in the film’s crystalline structure due to such a doping.
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Multilayer nanolaminates of alternate Al2O3 and ZnO were deposited by atomic layer deposition
using trimethylaluminum, diethylzinc and water as co-reactants, on a p-type silicon substrate at 200
℃ in a Beneq TFS 200 system. A set of four nanolaminates with a total thickness of approximately
100 nm were fabricated containing multiple Al2O3/ZnO bilayers with thicknesses of 2 nm. After
deposition, the nanolaminates were thermally annealed at 400℃ for 1 hour in N2, O2 and ambient
atmosphere to improve the electrical and optical properties of the structures. Optical constants and
thicknesses were obtained by ellipsometry measurements. The Al/nanolaminates/p-Si/Al structures
were electrically characterized by current-voltage (I-V) and capacitance-Voltage measurements. The
obtained results indicate that these nanolaminates have potential for applications in electronic de-
vices.
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A multilayer nanolaminate of Al2O3 and ZnO was deposited by atomic layer deposition using trimethy-
laluminum, diethylzinc, and water as co-reactants on a p-type silicon substrate at 200 ℃. A set of
four nanolaminates with a total thickness of approximately 100 nanometers were fabricated, each
containing multiple Al2O3/ZnO bilayers with thicknesses of 20 nanometers. After deposition, the
nanolaminates were thermally annealed at 400, 600, 800, and 1000 ℃ for one hour in an N2 atmo-
sphere to improve the electrical and optical properties of the structures. Ellipsometry measurements
revealed the optical constants and thicknesses. Current and capacitance voltage measurements were
taken to electrically characterize the Al/nanolaminates/p-Si/Al structures. The obtained results in-
dicate that these nanolaminates have potential for applications in electronic devices.
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Investigating Cubic and Hexagonal GaN Crystal Phases on Di-
verse Substrates at Low Temperature via Atomic Layer Deposi-
tion (ALD)
Authors: Iván Alejandro Jasso GranjaNone; Edgar López Luna1; Miguel Ángel Vidal2

1 CIACyT-UASLP
2 Universidad Autónoma de San Luis Potosí

Corresponding Authors: miguel.vidal@uaslp.mx, a323066@alumnos.uaslp.mx, edgar.luna@uaslp.mx

Gallium Nitride (GaN) is a widely studied semiconductor owing to its outstanding optoelectronic
properties, which are enhanced by the presence of a specific crystal phase. The cubic and hexag-
onal phases of GaN are particularly interesting. The cubic phase exhibits high electron mobility,
low acceptor activation energy, and high hole mobility, which are typically achievable only through
epitaxial techniques. In contrast, the hexagonal phase offers high conductivity and a reduced lattice
mismatch, making it more readily obtainable, often through nitrogen plasma-based methods. This
work explores the deposition of GaN on three distinct substrates (silicon, magnesium oxide, and
gallium arsenide) at a low temperature of 325℃ and a pressure of 1.9x10^-1 torr using NH4OH and
Ga(CH3)3, as precursors. Atomic Layer Deposition (ALD) facilitated the simultaneous growth of all
three substrates, enabling a direct comparison under identical conditions. X-ray Diffraction (XRD),
Scanning Electron Microscopy (SEM), and photoluminescence (PL) measurements were performed
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for a comprehensive sample analysis and characterization. The initial XRD analysis confirmed the
deposition of amorphous GaN on all substrates. Subsequent annealing at 700℃ and 900℃ investi-
gated the influence of elevated post-growth temperatures on the formation of crystalline GaN phases.
Interestingly, the deposition on MgO exhibited a portion of GaN in the cubic phase, whereas depo-
sitions on GaAs and Si primarily displayed the hexagonal phase. ALD offers exceptional control
over the film thickness, uniformity, and large-scale reproducibility for GaN growth. This approach
presents a cost-effective alternative to traditional methods while maintaining the desired crystalline
properties crucial for GaN-based semiconductor applications.
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Development of a GaN/InGaN/GaN Quantum Well for RGB Light
Emission using Atomic Partial Layer Deposition (APLD)
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2 Universidad Autónoma de San Luis Potosí
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This work presents the optimization of a GaN/InGaN/GaN quantum well structure for red, green,
and blue (RGB) light emission using Atomic Partial Layer Deposition (APLD). InGaN was selected
because of its high carrier mobility, compatibility with GaN, and readily controllable bandgap, en-
abling coverage of the entire visible spectrum. The InGaN quantum well was grown using APLD,
whereas GaN layers were deposited via Atomic Layer Deposition (ALD) at optimized at a low tem-
perature of 325℃ and a pressure of 1.9x10^-1 torr with NH4OH, Ga(CH3)3, and C2H4InO2 as precur-
sors. Notably, the deposition was performed simultaneously on Si, MgO, and GaAs substrates. The
In concentration in InGaN was precisely controlled by varying the exposure time to the C2H4InO2
precursor. This approach leverages the unique capabilities of APLD, a variant of ALD that uses short
precursor exposure times to prevent a complete layer reaction. This allows the subsequent precursors
to partially fill the incomplete layer, enabling precise control over the material composition. Post-
deposition annealing was employed to promote the formation of crystalline GaN and InGaN phases
on all the substrates. This research paves the way for the implementation of GaN/InGaN/GaN quan-
tum wells in optoelectronic devices capable of emitting pure RGB light. The combination of ALD,
which offers exceptional control over thickness, uniformity, and large-scale reproducibility, with
APLD, providing enhanced versatility and material property control, signifies a significant advance-
ment in this field
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TiOx analysis on the ALD obtention process by titanium (IV) n-
butoxide: comparison with conventional TDMA.
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Corresponding Authors: pierre.mani@uacj.mx, al220879@alumnos.uacj.mx, robert.p.oconnor@dcu.ie

The motivation of this work is developed semiconductor device patterning technology based on
metallic liquid precursor materials. The methods involved the vacuum vaporization by reaction on
silicon substrate of vapor phase. This can be directed to the substrate’s active sites for controlled
growth and manipulating the chamber’s vacuum level from low vacuum. Then, dose the precur-
sor into chamber as to allow the deposition, for comparation this TiOx films which had been previ-
ously deposited by conventional atomic layer deposition (ALD) onto silicon substrates using Tetrakis
dimethyl amido titanium (TDMA). Versatility of ALD processes allow for the phase change due to
vacuum by a vaporization process. Films were analyzed with X-ray Photoelectron Spectroscopy
(XPS). This photoemission-based technique gives information about O 1s, Ti 2p and C 1s core lev-
els. Energy Dispersive Spectroscopy (EDS) suggests Ti atoms comparable with conventional TiOx
ALD process. XPS measurements enabled details of the chemical composition of the thin film to
be characterized and offered a robust analysis of both interfaces and discrete layers present in the
films. These measurements displayed evidence of bonding interactions between the metals in the sil-
icon substrate which assists in developing an understanding of the preferential vaporization process
which needs to be optimized for device fabrication applications.

Keywords:

ALD, metallic precursor, vacuum, XPS, TDMA.

Reference:

Mani-Gonzalez, Pierre Giovanni, Caitlin McFeely, Matthew Snelgrove, Kyle Shiel, Jesus Alfredo Her-
nandez Marquez, and Robert O’Connor. “Titanium infiltration into ultrathin PMMA brushes.” Journal
of Vacuum Science & Technology A 39, no. 4 (2021).

This work was supported by:

CONAHCyT-UACJ

Page 5



XVII-ICSMV / Book of Abstracts

Author approval:

I confirm

Author will attend:

I confirm

ATOMIC LAYER DEPOSITION / 63

Optical Properties of TiO2 Grown by Atomic Layer Deposition
Using Various Oxidizing Agents: The Ellipsometry Analysis of
Absorption Properties
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This study provides an in-depth analysis of the optical properties of TiO2 films grown via atomic
layer deposition (ALD) using various oxidizing agents, including H2O, H2O2, O3, and O2 plasma.
Our research describes the distinctive absorption band in TiO2 films grown with H2O, named “black
TiO2”, a phenomenon not observed in films grown with other oxidizing agents. This finding is
linked to Ti3+ species within the TiO2 matrix. Additionally, we observe a correlation between in-
creased nitrogen content, presumably from the TDMAT precursor, and the presence of Ti3+ states
in H2O-grown films, suggesting nitrogen contamination’s role in forming or stabilizing these states.
Contrasting this, films grown with H2O2, O3, and O2-plasma, despite having similar nitrogen levels,
do not exhibit the absorption band, highlighting the complex interaction between growth condi-
tions, nitrogen incorporation, and the TiO2 matrix. Furthermore, our study notes a decrease in
Growth Per Cycle with increasing ALD cycles, aligning with the ‘surface memory’ effect observed
in ALD processes. This research contributes to a deeper understanding of the growth dynamics
and optical properties of ALD-grown TiO2 films, offering insights for future photo-technological
applications.
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Effect of the co-reactant on the electronic structure bands of nickel
oxide films synthesized by ALD
Authors: Eduardo Martínez Guerra1; Mario Hidrogo1
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In this study, we investigate the impact of co-reactants on the atomic layer deposition (ALD) synthe-
sis of nickel oxide films and their influence on the chemical characteristics and electronic structure
of the resulting films. The ALD process involves the utilization of nickel acetylacetonate as the
organometallic precursor, which undergoes oxidation by Ozone, water, and Oxygen in both thermal
(TALD) and direct plasma mode (DPALD), respectively. We found that the growth per cycle of the
nickel oxide films range from 0.01 nm to 0.09 nm. X-ray photoelectron spectroscopy (XPS) analysis
confirms that the nickel oxide films exhibit a non-stoichiometric nature on the surface, character-
ized by a high density of Ni3+ (13 at. %). This defect significantly influences the electronic band
structure of the nickel oxide films, as demonstrated by ultraviolet photoelectron spectroscopy (UPS)
analysis, which reveals that the presence of Ni3+ leads to modulations in the work function and
valence band maximum. Thes modulation can result in variation up to 1 eV between the TALD and
DPALD synthesis. Additionally, reflected electron energy loss spectroscopy (REELS) analysis shows
insignificant changes in the band gap (Eg) between all synthesis methods. Our findings suggest that
nickel oxide films hold promise as hole transport lates (HTL) in perovskite solar cells.
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This work consists in the synthesis of nanolaminates of hafnium oxide (HfO2) and titanium ox-
ide (TiO2), for MIM (metal-insulator-metal) capacitors applications, by the atomic layer deposition
(ALD) technique using an Anric AT-410 equipment, devices were manufactured on a p-type Si (sil-
icon) wafe, the architecture consists of Ti (titanium) bottom contact deposited by electron beam
evaporation technique, a dielectric layer with different configurations: 1.- 70 nm single layer of
TiO2, 2.- 60 nm TiO2 layer between two layers of 5 nm HfO2, 3.-50 nm TiO2 layer between two
layers of 10 nm HfO2 and 4.- 30 nm TiO2 layer between two layers of 20 nm HfO2 and Al (alu-
minum) deposited by sputtering as upper contact. The precursors tetrakis dimethylamido hafnium
(TDMAH) and tetrakis dimethylamido titanium (TDMAT) were used for the synthesis of materials,
programming different numbers of cycles for each one to obtain the desired thickness, molecular
nitrogen (N2) was used as a purge gas and deionized water as reactant (DI H2O). The effect of the
HfO2 layers at the interface with the electrodes to reduce the leakage current compared to the TiO2-
only capacitor was evaluated by testing current-voltage characteristic (I-V) and capacitance-voltage
characteristic (C-V) curves. The results obtained from the I-V curves at 1V for the capacitors without
HfO2 and with the layers of 5,10 and 20 nm were 379.96 x10-9, 11.96x10-9, 242.75. 9 x10-9 and 47.55
x10-12 A respectively, where the 20 nm HfO2 layers capacitor presents a greater reduction in the
leakage current. A reduction in the capacitance of the devices can be noticed; the average capaci-
tance values obtained at 1 V for the capacitors without HfO2 and with layers of 5,10 and 20 nm were
628.29x10-15, 541.31x10-15, 360.41 x10-15 and 353.42 x10-15 F respectively, which can be attributed
to the difference in dielectric constants between the materials.
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The study of active materials for supercapacitors involves the development of optimal synthesis
methods to achieve high surface area and achieve electrode/electrolyte interactions. A plasma-
enhanced atomic layer deposition (PEALD) methodology using (Ni(acac)2) as organometallic was
proposed. To evaluate the electrochemical properties of the films, approximately 44 nm of NiOx was
deposited on an Au/Cr/Glass substrate to assemble a working electrode. The samples were compared
without and with heat treatment by varying the electrolyte concentration from 0.1 to 1.0 M KOH in
a three-electrode half-cell. Cyclic voltammetry (CV) was performed, and redox pairs were identified
less than 70 mV apart, with maximum capacitance obtained at lower sweep rates. The reactions
involve the insertion of OH- ions. The maximum capacitance values are 102 F/g, 10 times below the
values reported in the literature. The heat-treated films present an average increase of 4.5% of the sur-
face area and decreased lattice parameter AS suggested by MFA and XRD results. The stoichiometry
of the films before and after heat treatment indicates an increase of oxygen vacancies from x=0.86 to
x=0.75. Electrochemical impedance spectroscopy (EIE) corroborated the existence of a double layer
and ion diffusion. The limitations of the film geometry inhibit electrode/electrolyte interactions;
however, the reversibility of the process is promising for supercapacitor applications
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INATES GROWN BY ALD
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This work consists in the manufacture of Antireflective coatings (ARC) based on nanolaminates of
zinc oxide (ZnO) and aluminum oxide (Al2O3), which were deposited on silicon wafers, glass, and
polycrystalline silicon solar cells in a home-made Atomic Layer Deposition (ALD). The number of alu-
mina cycles in the nanolaminate was varied with the objective that the thicknesses were 1%, 3% and
5% with respect to the thickness of the ZnO. The optical properties of the ZnO/Al2O3 nanolaminates
on glass and silicon substrates were analyzed using a UV-Vis spectrophotometer for measurements
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of transmittance and reflectance percentages. Because the nanolaminates are made up mostly of
ZnO layers, they produce a decrease in transmittance at wavelengths shorter than 380 nm because
of the exciton energy of the ZnO. Decreasing the wavelength in the UV range is important to im-
prove the efficiency of the silicon solar cell. The nanolaminate which has a thickness of 1% alumina
is the one that reflects the least in the range of 1000 nm to 600 nm wavelength and is the one that
presents the best reflectance in the range of 550 nm to 300 nm. Silicon solar cells were characterized
by IV characteristic curve with the aim of study the efficiency of the photovoltaic device before and
after the deposition of the ARC. It was determined that there is an increase in efficiency in the solar
cell that was coated with the ZnO/Al2O3 nanolaminates with 1% alumina and the efficiency was
increased by 3.1%.
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This work presents a novel thin-film solid-state battery design with a wider operating temperature
range (up to 200℃) compared to conventional designs. The battery utilizes a 100 nm thick yttria-
stabilized zirconia (YSZ) layer deposited by atomic layer deposition (ALD) as the solid-state elec-
trolyte and ruthenium/gold electrodes, achieving an energy density of 200 mWh/cm³. Furthermore,
the YSZ electrolyte exhibits resistive switching behavior, enabling the device to function as a memris-
tor. This dual functionality makes the design attractive for high-temperature on-chip energy storage
and neuromorphic computing applications in integrated circuits. The study explores the influence
of temperature and oxygen vacancies on the battery’s performance and the memristor’s switching
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behavior. The findings suggest that controlling oxygen vacancy concentration can enhance energy
storage and memristor characteristics.
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Zno: Ni thin films were produced on a silicon substrate and doped with varying concentrations of
Ni (1 wt%, 3 wt%, 4 wt%, and 5 wt%) using the ALD process. Using Photoluminescence Spectroscopy
(PL), the effects of Ni concentration on the structural optical characteristics of the produced sam-
ples were examined. ALD is a vital technique that makes continuous advancements in the design of
microelectronic devices possible. ZnO doped Ni showed high crystalline quality, according to XRD
measurements. The adaptability of ZnO crystal synthesis is what makes it so beautiful. It is possible
to produce crystals that range in size from tens of nanometers to a few millimeters by using a variety
of procedures. A wide range of optical properties are produced by the crystals’ interaction with light
as a direct result of this extraordinary control over size. The spectrum of photoluminescence in the
Zinc oxide’s (ZnO) photoluminescence spectrum exhibits band edge and exciton luminescence in the
ultraviolet spectrum. Both pure and nickel-doped ZnO thin films were subjected to surface and chem-
ical composition analyses using X-ray photoelectron spectroscopy (XPS). SEM micrographs further
confirm an increase in the average grain size of ZnO thin films doped with nickel, which is consistent
with results from X-ray diffraction (XRD) investigations. The hexagonal wurtzite crystal structure
is possessed by both pure and doped ZnO, as confirmed by X-ray diffraction (XRD).Measurements
using energy-dispersive x-ray spectroscopy (EDX) demonstrated the presence of the Ni contribution.
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ZnO thin-film optical characteristics are strongly impacted by nickel doping. A discernible shift in
the optical constants between the Ni-doped and undoped versions demonstrates this. A higher sur-
face density was found to be correlated with an increase in the concentration of Ni dopant. Two
distinguishing characteristics of the photoluminescence spectrum of nanostructured ZnO are a max-
imum within the ultraviolet (UV) spectrum actually .
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Stearic acid self-assembled monolayers (SA SAMs) are a promising candidate for area-selective atomic
layer deposition (AS-ALD) due to their soft removal properties.
We evaluated SA SAM formation kinetics and thermal stability on copper. The resulting SAMs
were densely packed and highly hydrophobic, exhibiting water contact angles exceeding 110°. The
adsorption process followed the well-established Langmuir kinetics for surfactant adsorption on pla-
nar surfaces.
Next, we investigated SA/copper as a non-growth surface for ZnO ALD using X-ray photoelectron
spectroscopy (XPS). The optimal ALD parameters were identified at 70 ℃ with 25 ms pulses of di-
ethyl zinc and water precursors, separated by 10 s purges. These conditions yielded sustained growth
attenuation for at least 40 ALD cycles.
Finally, we explored the removal of the SA monolayer with water, acetone, and ethanol at room tem-
perature. Based on infrared spectroscopy and water contact angle measurements, ethanol proved
to be the most effective solvent, achieving complete removal within 30 minutes without requiring
sonication or agitation. This demonstrates the soft removal nature of SA SAMs.
In conclusion, SA SAMs offer an efficient and removable passivating solution for copper in AS-ALD,
eliminating the need for harsh etching or acid treatments.

Keywords:
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Atomic Layer Deposition: Tailoring Nanomaterial Properties for
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Nanostructured materials hold immense potential due to their unique properties heavily influenced
by size, shape, and composition. Precise control over these factors is crucial for engineering the
desired functionalities in next-generation nanotechnologies. This report highlights Atomic Layer
Deposition (ALD) as a powerful technique for surface engineering, enabling the controlled modifi-
cation of various physicochemical properties like refractive index, bandgap, and electrical properties.
ALD’s exquisite control over deposition thickness allows for the creation of diverse nanostructures
with precise dimensions, including nanotubes, core-shell materials and nanolaminates. This precise
control over surface properties paves the way for the design and fabrication of advanced nanodevices
with tailored functionalities, like energy and memory storage, as well as optical devices.
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STUDY OF THE OPTICAL AND STRUCTURAL PROPERTIES OF
Zn AND AZO FILMS GROWN BY ATOMIC LAYER DEPOSITION

Author: Carmen Lizet Seminario Panta1
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Mendívil-Palma 2; Nayeli Pineda Aguilar 2
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In recent years, the need to Emerging technology requires the develop of new materials for opto-
electronic devices. and nanostructured systems from TCO For many application a Ttransparent
conductive oxides (TCO) are required and has has become e a high priority as it is vital for the de-
velopment of the for the electronics industry. and research.
Transparent conductive oxides (TCO), whichTCO have high flexibility, transparency and transmit-
tance. This group of oxides includes zinc oxide (ZnO) and aluminum-doped zinc oxide (AZO) and
zinc oxide (ZnO). These materials gain importance thanks to due to its have a high optical transmit-
tance (band gap > 3.34 eV), low resistivity, low cost and is also non-toxic. However Zinc oxide (ZnO)
alone has low conductivity; this problem can be corrected by doping this material with different
percentages of aluminum (Al), which is why the study of AZO becomes relevant.
In this work, these materials will be studied, which wereZnO and AZO grown over silicon were syn-
thesized using the atomic layer deposition (ALD) technique with different growth conditions, which
allows us optimal control of growth thanks to the fact that it is based on cycles where there are self-
limiting reactions on the surface. Another important aspect is to know the optical and structural
characteristics of the thin films, for which .The effect of the growth condition of the thin films on
the optical and structural properties were analyzed by several techniques.Finally, a correlation will
be sought between the synthesis conditions and their effects on the optical and structural properties
of these films.
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Effect of Oxidant Agent on Electrical and Optical Properties of
Nickel Oxide Thin Films synthesized by ALD
Authors: Diego Giraldo Guzmán1; Eduardo Martínez Guerra2; Francisco Aguirre Tostado3; Francisco das Chagas
Marques1; Maria Isabel Mendivil Palma4; Mario Hidrogo4
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NiO films can be deposited by atomic layer deposition (ALD) employing nickel acetylacetonate as
organometallic precursor and make variation of the co-reactant employed, such as ozone (P-Oz, T-
Oz), water (P-W, T-W) and oxygen (P-Ox) in thermal and plasma-enhanced mode. The best samples
in this study were produced with oxygen plasma-assisted ALD. This deposition technique features
high GPC (0.09 nm/cycle), short per-cycle time (12 sec/cycle), reduced carbon concentration at the
sample surface (8 at.%). The use of oxygen plasma leads to formation of water molecules, producing
many OH–(s) groups that interchange with chemisorbed Ni(acac)+(s), making a chemical synergy
with the adsorbed O–(s). This mechanism is not possible when H2O or O3 are used as oxidizing
agents. The higher transmittance was obtained for the T-Oz and P-Ox films, with the maximum
transmittance values reaching 92% and 81%, respectively. In both cases, the transmittance of 80% is
maintained for almost the entire visible range. This result is extremely important for photovoltaic
applications, where NiO can be used as a hole transport layer. P-W sample features the lowest
transmittance value <30% in the spectral range analyzed (300–800 nm) due to its metallic character.
The optical band gap shows values of 4.105, 3.858, 2.188, 3.747, and 3.725 eV for T-W, T-Oz, P-W,
P-Oz, and P-Ox samples, respectively. These values agree well with the literature data for NiO films
deposited with CVD and ALD methods [1, 2]. These results emphasize a pronounced dependence of
optical band-gap on the oxidizing agent used, and can be employed for efficient band-gap tuning. The
resulting film is slightly non-stoichiometric (Ni:O ratio 0.94); it features p-type conductivity, high
optical transparency (85%), high carrier concentration (1018 cm−3) and high mobility (7.79 cm2/V·
s). These remarkable optoelectronic properties make P-Ox NiO promising for manufacturing hole
transport layer in Perovskite Solar Cell.
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OPTICALCHARACTERIZATIONOFAZO/SIO2THINFILMSGROWTH
BY ALD
Author: Juan Jazziel Favela LopezNone
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Gutierrez

Corresponding Author: a222230126@unison.mx

The present work reports the study of thin films of AZO (zinc oxide doped with aluminum oxide)
growth by the atomic layer deposition (ALD) technique for a future application as a coating in com-
mercial photovoltaic cells. The main objective is to develop a material that filters UV radiation,
through the luminescent downshifting (LDS) effect, increasing the efficiency of the solar cell using
photons in the visible region. The results of AZO films with different concentrations of aluminum
oxide from 0% to 15% are presented. The absorption edge of the films was studied using UV-Vis spec-
troscopy, and band gap energy values of 3.24 eV to 3.74 eV were estimated with the Tauc graphic
method [1]. Using the Photoluminescence technique, the main characteristic emissions of the AZO
samples were found with emissions in the UV (3.37 eV) and in the visible region caused by aluminum
oxide defects, with these results it was found that AZO films absorb ultraviolet light and transmit
in the visible range, which demonstrates their luminescent downshifting properties, thus being a
candidate for use as a coating in solar cells.
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Atomic layer deposition (ALD) has emerged as a highly promising technique with diverse applica-
tions in microelectronics manufacturing because of its ability to control layer growth at the atomic
scale. However, the sustainability of ALD technology remains a critical consideration, necessitating
quantitative investigation to improve its economic viability and environmental performance. In this
study, we present the characterization of a cost-effective laboratory-made (lab-made) atomic layer
deposition (ALD) system using aluminum oxide (Al2O3) films through trimethylaluminum and wa-
ter binary reactions. On a Si wafer (100) and corning glass, an aluminum oxide film can be deposited
at temperatures between 100 and 200 ℃ at different doses of precursors and purge times to create
uniform films with a growth per cycle (GPC) that nearly matches the GPC reported by other com-
mercial ALD systems. Our results indicate that a lab-made ALD system may perform comparably
with a commercial system and can be used for teaching and research purposes. With optimized op-
erational process settings, GPC remains constant even though the number of ALD reaction cycles is
changed. This can be used as a metric to verify that material is deposited by a self-limiting surface
reaction.
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PLASMAENHANCEDATOMICLAYERDEPOSITIONOFTIO2THIN
FILMS FOR PHOTOCATALYTIC APPLICATIONS AT VIRUS IN-
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The TiO2 photocatalytic activity is efficient at the wavelength range of UV-Light (~254nm). Devices
utilizing TiO2 photocatalysis would see advantages from a layered structure containing both rutile
and anatase phases. The heterojunction formed at the interface between rutile and anatase phase pro-
motes spatial charge separation which leads to a rise in photocatalytic activity. In addition, the fact
that the thin film increases its photocatalytic activity when it is doped with another metal such as Ni
and nonmetals like N well as, is also an important case of study. This doping technique enhances the
wavelength threshold for initiating photocatalytic activity, rendering the photocatalytic thin films
effective at approximately 380nm. By employing atomic layer deposition (ALD) processes to modify
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and introduce dopants into the controllable TiO2 interface, biological issues such as the degradation
of the SARS-CoV-2 molecule are addressed. This investigation capitalizes on the surface’s potential
to degrade micro viral agents through the generation of electrons at the heterojunction interface
within its crystalline structures. The primary goal is to offer solutions for inhibiting and halting
the propagation of SARS-CoV-2 by crafting rutile/anatase TiO2 thin film stacks and rutile/anatase
TiO2 thin film stacks doped with Ni via an optimized ALD process. TiO2 thin films were deposited
through PE-ALD with approximate thickness of ~5nm with TDMAT and O2 plasma as precursors.
Thin films were characterized using GAXRD (grazing angle x ray diffraction) to assess the crystalline
structure of the films, Ellipsometry spectroscopy for thickness and refractive index obtention and
XPS (X-Ray Photoelectron spectroscopy) to study chemical composition.
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The erosion-corrosion behavior of high entropy nitride (TiAlZrTaNb)Nx produced by HiPIMS (High-
Power Magnetron Suputtering) on AISI-4340 and was studied. The behavior of the coating against
erosion-corrosion synergism is performed using the procedure indicated in ASTM G119-09, by means
of a test cell including a Jet type nozzle to achieve different impact angles (30° and 90°) ang chang-
ing the velocities. Corrosive deterioration is achieved with an electrolytic solution of 3.5% NaCl
whereas erosive wear is achieved by the action of a water jet with SiO2 particles. the synergistic
erosion-corrosion effect was studied by combining the above processes. Analysis of the microstruc-
ture and morphology of the coatings produced were performed using X-ray diffraction, scanning
electron microscopy (SEM) and 3D optical microscopy techniques. The results indicated that the
total wear rate could be reduced significantly with respect to steel when this kind of coating is used.
For all conditions, erosion was the most important wear mechanism.
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In order to combat water pollution caused by heavy metals and reduce associated diseases, mem-
brane technology is employed due to its high efficiency, low energy consumption, minimal opera-
tional costs, and high selectivity. Key parameters for membranes include the manufacturing material,
selectivity, and mechanical and hydraulic resistance. Composite materials represent an advanced
and efficient alternative for creating effective membranes. The combination of different materials
aims to modify their properties in order to meet specific expectations.

This research investigated the conditions required to obtain composite membranes from TAC and
modified lignin nanoparticles using the precipitation and dry evaporation method to enhance their
mechanical and hydrodynamic properties. The resulting material was then compared with mem-
branes synthesised through wet evaporation. Nanocomposite membranes of Cellulose Triacetate
with 3% and 5% Kraft and Organosolv lignin, both commercial and propylated, were synthesised.
Morphological characterisation was conducted using scanning electron microscopy (SEM), and ten-
sile properties were measured using dynamic mechanical analysis (DMA). The results indicate that
synthesis at low relative humidity and temperature (10% and 45℃) results in a reduction in the mate-
rial’s mechanical properties due to low lignin incorporation and reduced TAC crystallinity. Conduc-
tion is the predominant heat transfer mechanism, with convection evident in vapor-induced phase
separation (VIPS) processes. The primary membranes obtained were those for microfiltration, with
only one ultrafiltration membrane, MLOP5, being suitable for metal removal. The particle size signif-
icantly affects the mechanical properties. Hydrophilic lignins contribute to improved permeability
properties, but increased surface roughness can negatively impact flow rates. Increasing the lignin
load was found to enhance the mechanical properties of the membranes.

The results demonstrate the potential of composite materials incorporating modified lignins in de-
veloping advanced filtration membranes. These materials have the potential to lead to more efficient
and cost-effective solutions for addressing water pollution and protecting public health.
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While anticancer agents have revolutionized cancer treatment for many patients, most currently
used drugs suffer from limitations. These limitations include low biocompatibility, which can hin-
der their therapeutic efficacy due to poor solubility in water-based solutions Therefore, it is crucial
to develop new delivery systems for active pharmaceutical ingredients (APIs) using nanotechnology,
specifically employing poloxamer micelles as controlled release systems for multiple fat-soluble ac-
tive ingredients. These micelles encapsulate drugs within their hydrophobic chains, thereby enhanc-
ing the solubility and bioavailability.
This study evaluated the encapsulation capacity of curcumin and fenofibrate in poloxamer micelles
prepared using two different formulation methods: solvent evaporation (SE) and film hydration (FH).
The main difference between the two methods lies in the solvent evaporation process, which influ-
ences the rheology of the systems due to water loss and the consequent increase in concentration
and viscosity. The study revealed that micelle size was not significantly affected within the concen-
tration ranges studied.
Regarding the incorporation of the active ingredients, encapsulation percentages of 72% and 90%
were obtained for the SE route and 77% and 93% for the FH route, respectively. These results in-
dicate that the FH route presents higher encapsulation efficiency and lower viscosity, making it a
more favorable alternative for the development of intravenous drug delivery systems.
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Given the current lack of specific treatment options against dengue virus, a major health issue in
tropical and subtropical regions, the study’s findings on drug reuse could offer a promising alter-
native. Our group previously found by molecular dynamics that five FDA-approved drugs show a
selective molecular coupling to the E protein of the dengue virus, the main antigen expressed during
the disease. This work evaluated experimentally the molecular interactions between the protein E
serotype II of dengue virus and three of the reuse pharms selected by molecular dynamics studies:
Paritaprevir, Digoxin, and Trypan blue, using surface plasmon resonance to determine the adsorp-
tion, desorption, and equilibrium constants of the protein-reuse drugs interactions. Our findings
show that Paritaprevir is the proper drug to continue investigating for a possible treatment against
dengue virus replication.
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Biogenic hydroxyapatite (HAp) is highly valued in medical science for its biocompatibility, bioactiv-
ity, osteoconductivity, and non-toxicity. Sourced from bovine, porcine, and human bones, it contains
vital ions such as Na, Mg, Zn, K, and CO3, crucial for guided bone regeneration (GBR) and varying
with age. This study examines the physicochemical properties of HAp from horse humerus bones
at different ages (1, 3, 6, and 8 years), subjected to low-temperature calcination (600 ℃). Thermal
analysis showed significant mass loss due to water, collagen, organic compounds, carbonates, and
age-related magnesium diffusion. Older bones, with higher fat content, experienced greater mass
loss. Phosphorus levels were constant across ages, while calcium and sodium fluctuated with age.
Magnesium levels declined with age, highlighting its role in early bone development. The Ca/P ratio
deviated from stoichiometric values due to additional biogenic ions. Infrared spectroscopy iden-
tified functional groups in carbonated HAp, with noticeable changes before and after calcination.
The decrease in the full width at half maximum of the 961 cm-1 band with age indicated improved
crystalline quality. Molar absorption coefficients revealed molecular concentration changes and em-
phasized age-related differences. X-ray analysis confirmed nanocrystalline HAp in all samples, with
crystallite size increasing with age. Rietveld analysis showed lattice parameters were influenced by
organic material, but lattice constants remained stable, confirming high crystallinity regardless of
age. TEM analysis supported nanocrystalline structures, with larger crystallite sizes in older bones.
SEM images displayed the characteristic porosity of calcined HAp, with particle size positively corre-
lating with age. Calcination at 600 ℃ preserved the nanoscale properties and microcrystal formation.
The results confirm that age significantly impacts the physicochemical properties of HAp extracted
from bones, making it a crucial factor in its extraction and use.
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The application of photothermal techniques has allowed the study of optical and thermal proper-
ties of different photocurable, biocompatible and biodegradable resins. In this work, the study of
composite resins based on PCL and PCLMA was carried out using photoinitiators to produce pho-
tocurable dye resins. The UV-visible absorption spectrum was analyzed to determine the wavelength
for curing the resins. Curing times were compared using the open cell photoacoustic technique, us-
ing a 405 nm laser modulated with a lock-in amplifier. Critical times were obtained as a function
of the resin curing time and adjustments were made with respect to an exponentially increasing
synodal equation. From the results, it was observed that the resins with green and red pigments had
longer curing times τ=752.5 s and τ=572.87 s, respectively compared to the curing time of the trans-
parent resin (τ=465.4 s). Due to its versatility and non-invasive nature, this technique can be used
in various areas such as biology, medicine, physics, and chemistry. This study has applications for
microscaffolds produced by microstereolithography for tissue engineering, among others.
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Cotton gauze was grafted with poly(N-vinylcaprolactam-co-maleic anhydride) to create novel wound
dressings with varying polymer attachment levels (23%, 40%, 100%). These modified gauzes displayed
efficient loading and release of vancomycin, an antibiotic, and inhibited the growth of S. aureus. Fur-
thermore, the materials exhibited good biocompatibility with cell lines tested. These findings suggest
promise for these grafted gauzes as next-generation wound dressings with combined antimicrobial
and drug delivery functionalities.

Keywords:
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gauze
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Abstract The polyolefin elastomer grafted compatibilising agent (POE-g-MAH) is studied. The com-
posites were fabricated by extrusion and injection moulding processes, and their morphology and
microstructure, as well as fracture surface, mechanical and thermal properties were analysed. Char-
acterisation by polarised optical microscopy showed that the ceramic residue particles were well
dispersed in the iPP matrix without the presence of agglomerates. However, POE-g-MAH did not
show good compatibility when added to the iPP/CW composite. Rockwell R hardness, tensile and
flexural measurements showed that the hardness, Young’s modulus and flexural modulus increased
with the addition of CW and without POE-g-MAH. The ductility of the composites decreased with
the addition of CW. POE-g-MAH affected the hardness, ductility, tensile strength, Young’s modulus,
flexural modulus and interfacial interaction in the iPP/CW composite. X-ray diffraction analysis
showed that CW also acted as a nucleating agent, increasing the degree of crystallisation and form-
ing the β-phase. Fourier transformed infrared analysis showed transmittance bands of iPP, CW,
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POE-g-MAH and composites. The bands were similar and there were no major changes in the char-
acteristic bands of the composites, but CW and POE-g-MAH produced changes in the shape and
intensity of the peaks of the iPP matrix bands. The addition of CW to the iPP matrix modified the
thermal properties of pure iPP, such as the degree of crystallisation and the melting temperature in
the iPP/CW composites. The addition of POE-g-MAH decreased the crystallisation temperature and
the degree of crystallinity in the iPP/CW composite.
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Nowadays, pollution due to single-use plastics used for food packaging applications has caused seri-
ous environmental problems. Therefore, an environmentally friendly solution must be sought. The
aim of this work was to compare the effect on the physicochemical and mechanical properties, and
on the antifungal activity due the incorporation of nanoparticles (NPs) to biodegradable polymer
films. For that, nanostructured films based on chitosan (CS), chitosan nanoparticles (CSNPs), and
polyvinyl alcohol (PVA) were elaborated by casting. Three formulations without NPs and four with
NPs were prepared varying the CS:PVA ratio. For the nanostructured films, 33% of CSNPs were
added. Scanning electron micrographs revealed the cross-section morphology of the films. Fourier-
transform infrared spectroscopy (FTIR) showed no difference between samples. With the incorpo-
ration of CSNPs, the degree of swelling was higher compared to the films without CSNPs, being
between 1.30-1.69% and 0.20-077%, respectively. From the mechanical properties, the highest value
of Young’s modulus was for the formulation 33%CSNPs:67%PVA (51.4±8.4 MPa) and the highest value
of elongation at break was for the 33%CSNPs:50%PVA:17%CS (80.7±0.3%). The in vitro antifungal ac-
tivity was measured against Botrytis cinerea. Higher inhibition was observed for films with NPs
compared to those without NPs. Total inhibition (100%) was observed for the 33%CSNPs:67%PVA
film. From films’characterization it was concluded that NPs improved the mechanical properties for
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food packaging applications as well as antifungal activity. CS-PVA based nanocoatings could be a
technological alternative to conventional plastics for biodegradable films.
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The coalescence of nanocrystals that occurs during low-temperature cleaning thermal treatments
of hydroxyapatite from pigs have yet to be investigated. Traditional methods like calcination at
high temperatures cause more significant energy expenditure than low temperatures, while chem-
ical cleaning processes using solvents like ketones and ethers can pose health and environmental
risks. To minimize waste and energy consumption, the study uses Soxhlet extraction, known for its
efficiency in organic material extraction while reducing environmental impact.
To preserve the features of bio-hydroxyapatite, two methods with less environmental impact than
traditional routes were investigated: Route 1 (autoclave and Soxhlet) and Route 2 (calcination at
low temperatures at different times). The focus is observing the effectiveness of removing fats and
proteins while maintaining crystallite size and morphology. DSC showed that the coalescence of
crystallites occurred at 422, 518, and 672 ℃. P-Raw has a higher IR FWHM (phosphate band) due to
the organic material; P-R1 had a lower FWHM (partial removal of lipids and proteins). Increasing the
calcination temperature decreases the FWHM, indicating a shift in vibrational states from surface to
bulk, resulting in an increase in apparent crystallite size due to coalescence. No significant changes
occur in the IR spectrum for 20-80 hours at quasi-stable temperatures of 400 and 500 ℃. ICP showed
that samples P-R1 and P-R2-400℃-20h still contain organic material, while the content of Ca and P
is low due to the concentration effect. The mineral contents of the other samples show no change.
X-ray diffraction indicates the removal of organic material during calcination, as the peaks become
more defined with increasing temperature. The crystallite size is not affected and remains in similar
ranges. Purification with hydroxide shows increased lattice parameters and fluctuations due to the
ionic substitutions occurring naturally in HAp of biogenic origin.
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The electrospinning technique has received broad approval because of its capacity to fabricate func-
tional biomaterials in the micro and nano scale with the aid of various materials such as metals,
ceramics and/or biopolymers for a wide range of applications such as biomedicine, bioremediation,
energy storage, tissue engineering and many others. In particular, biopolymer-based micro and
nanofiber membranes have diverse advantages: low cost, wide range of applications, exposed func-
tional groups, low or null cytotoxicity, among others. The selection of the physical, chemical, and
environmental variables in the fabrication process allows us to control the deposition time, mor-
phology, porosity, and arrangement. In the same manner, the employed configuration allows us to
generate simple, coaxial, or triaxial fibers. This work reports the fabrication of coaxial nanofibers
of chitosan-polyethylene oxide (80:20) crosslinked (genipin 0.4% v/v) and doped with cerium (1, 2,
3, 4, 5 % w/v) for the shell layer and polyethylene oxide (5% w/v) for the core. It was determined
that the increase in the dopant, for constant concentrations of chitosan, induces a decrease in vis-
cosity. For its part, it was observed by AFM that increasing the concentration of cerium up to 4%
m/v in the shell layer promotes the reduction of imperfections and the alignment of the fibers. The
thermal analysis done by thermogravimetry and differential scanning calorimetry tells us that in-
creasing cerium concentrations results in a decrease in the heat capacity of the membrane, although
the membrane’s working temperature is enhanced in general. For its part, the permeability study
of the membranes in aqueous solutions via contact angle determined a hydrophilic behavior, on an
average time of 30 seconds. Moreover, their contact angles grow as the cerium concentration grows
in the shell layer.
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Skin injuries is a common health problem, and its consequences increase when these skin injuries
are produced by high energy processes, such as fire and/or high voltage process, or when the person
has chronic diseases such as diabetes, cancer, or other health problems. For that, different projects
are dedicated to improving the skin’s health. This project shows the initial results of chitosan films
reinforced with Silver dendrites (Ch-Ag-d). The Ag-d was synthesized using an electrochemical
process with an Ag wire in Acetic acid (Ac) solutions. The Ag-d were morphological and structural
characterized using SEM and XRD diffraction, while the Ch-Ag-d were structure, morphology, and
chemical characterized using XRD, optical microscopy, and FTIR. The Ag-d presents the combination
of Ag and AgO structure at low Ac% and just Ag structure at a high Ac concentration. Including the
Ag-d in the Ch film did not present a change in the chemical composition, being the Ch film just the
transport of the Ag-d.
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Essential oils are unstable and susceptible to degradation when exposed to oxygen, light, and temper-
ature changes. In particular, cannabidiol (CBD), recognized for its excellent topical bioavailability
and known for its anti-inflammatory, analgesic, and antioxidant properties. Because of this, methods
to preserve its properties have been explored, with encapsulation being one of the most promising
methodologies. One potential method involves liposomal encapsulation, which acts as a protective
barrier, ensuring the integrity and efficacy of the essential oils. To increase its bioavailability and
effectiveness in medicine, pharmacy, and cosmetics, CBD nanoliposomes (CBD-NL) were developed.
Encapsulation of CBD in liposomes can be a solution by having a nanometric size, avoiding oxidation,
and achieving uniform size, improving their use.

The main objective of this research was to obtain stable CBD liposomes of uniform size. To achieve
this, the synthesis of CBD-NL consisted of preparing different concentrations of CBD (2 to 4%) /
Tween 80 (20, 36, 60, 76%) to evaluate their effect on the stability and size of the liposomes. The
system aims to manipulate at the nanoscale, and our methodology is divided into two phases: middle
agitation and ultrasonic homogenizer, to obtain nanoliposomes.

Through Dynamic light scattering and Transmission electron microscopy, we determined the hydro-
dynamic ratio, distribution, and morphology of the nanoliposomes, in addition to identifying and
quantifying the components by UV-Vis spectroscopy that affect their changes and stability. Addition-
ally, antioxidant tests showed that the stability of the emulsion is not affected by the encapsulation
process, as well as the kinetic parameters to optimize the formulation and ensure a controlled and
effective release of CBD.

In conclusion, using the dispersion method (middle agitation and ultrasound), it is possible to form
Tween 80 liposomes with CBD. This study provides a solid foundation for future research on improv-
ing the bioavailability of CBD through nanotechnology.
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Molecular Imprinted Polymers (MIPs) are synthetic materials with tailored recognition sites that
exhibit high affinity and selectivity for specific target molecules. This work presents the synthesis
of a MIP for the selective recognition of a biomolecule, specifically cortisol. The binding properties
of the MIP were evaluated using UV-Vis Spectroscopy. Additionally, the reaction kinetics during
MIP polymerization were studied. Key parameters influencing the polymerization rate, such as ini-
tiator concentration, temperature, and reaction time, were investigated. The kinetic data obtained
allowed for the optimization of the synthesis conditions to achieve a MIP with optimal affinity and
selectivity towards the target analyte. The results of this kinetic study were integrated with the
characterization findings to better understand the recognition and binding properties of the MIP.
The results demonstrated that the MIP exhibited high affinity and selectivity for cortisol, with sig-
nificantly higher binding capacity and selectivity compared to Non-Imprinted Polymers (NIPs). The
MIP also showed good stability and reusability. These findings suggest that the synthesized MIP has
promising potential as a bioreceptor for the selective recognition and detection of the target analyte
in various applications, such as biosensors, separation science, and drug delivery.
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Calendula, is a plant that possesses medicinal properties due to its bioactive molecules, called carotenoids
and flavonoids. These molecules have antioxidant activity, which leads to the neutralization of free
radicals, preventing cellular damage, and promoting healthier aging. In this study, the essential oil
extraction of the marigold flower was carried out through maceration in almond and jojoba oils with
the aim of obtaining its bioactive components. The essential oils were monitored daily to ensure the
quality of the essential oil. The microencapsulation of the essential oil was performed using the
ultrasound method at a power of 250W, with sodium alginate as a stabilizing agent and Tween 20
as an amphiphilic emulsifier with an HLB of 14.9. The characterization of the essential oil and the
microemulsion was carried out using optical microscopy and FTIR techniques. The presence of an-
tioxidant molecules in the oil macerate was confirmed. Nanoparticles of each sample were observed
through optical microscopy. The functional groups that make up the microemulsion were confirmed
using FTIR.
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The endoskeleton of the sea urchin (Echinodermata: Echinoidea) is formed by three structural com-
ponents: test, dental apparatus and accessory appendages. Although all parts of the echinoid skele-
ton consist of the same basic material, its microstructure shows great potential to satisfy various
mechanical needs according to a direct and clear structure-function relationship. This characteristic
has allowed the sea urchin skeleton to adapt to different activities such as structural support, defense,
feeding, cleaning and reproduction. Therefore, these structures can be used as role models for bioin-
spired solutions in various industrial sectors, such as building construction, robotics, biomedical and
materials engineering. The organisms (E. vanbrunti) were already collected in Bahía de Kino, Sonora,
Mexico. The tests were washed with distilled water and dried and subsequently stored at -20℃ until
analysis. The elemental composition will be determined by means of EDS, total ash content, mor-
phological analysis by SEM. Mechanical properties such as robustness tests will also be analyzed,
according to the method of Byrne et al. (2014). Based on the main morphological characteristics and
mechanical properties of the E. vanbrunti tests, we hope to provide scientific knowledge that could
determine to a certain extent the biomimetic potential of these materials.
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Lectins are carbohydrate-binding proteins of non-immune origin that can recognize and bind simple
or complex carbohydrates in a reversible and highly specific manner. Lectins are widely distributed
in plants, animals, and other organisms. These biomaterials have found practical applications due
to their antitumor, immunomodulatory, antifungal, and/or anti-insect activities. Lectin legumes
have been studied since some time ago. Their carbohydrate and structure specificities vary widely
which greatly influences the recognition of specific targets. Protein functionality relies on their
three-dimensional structure, maintained by interactions such as Van der Waals forces, hydrogen
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bonds, and disulfide bonds, which can be disrupted by changes in pH and temperature. This study
examines the effects of temperature and pH on the conformational stability and functional activity
of a lectin obtained from the legume seeds: Vinorama (Acacia constricta). The protein (VL) was stud-
ied with several techniques: fluorescence intensity (FI), Circular Dichroism (CD), Hemagglutinating
Activity (HA) assays and Dynamic Light Scattering (DLS). Our results indicate an increase in VL’s
hydrodynamic diameter with rising temperatures, suggesting aggregation, yet VL retained biologi-
cal activity, indicating thermal resistance. FI analysis showed structural changes at acidic and basic
pH, with native VL (pH 7, room temperature) having buried aromatic amino acids. Extreme condi-
tions caused protein unfolding. Thermal analysis showed stable FI up to 55℃, a significant peak at
75℃ due to tryptophan exposure from unfolding, and a 50% decrease at higher temperatures, indicat-
ing aggregation. CD spectra revealed a β-sheet structure for VL and a transition temperature (Tm)
above 75℃, indicating unfolding at high temperatures. Despite structural changes, VL maintained
biological activity across pH ranges but lost activity above 75℃.
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The functionalization of the surface of magnetic nanoparticles (MNP) reduces toxicity, increases the
surface area, and provides a certain surface charge that improves their stability. The glycine is an
amino acid that in solution it is found as a dipolar ion that allows its interaction with the MNP and,
due to its biological nature, improves the biocompatibility. In this work we present the results of
the synthesis and characterization of Fe nanoparticles (NPs-Fe), Fe3O4 nanoparticles (NPs- Fe3O4)
and glycine functionalized at different concentrations. These samples were used as adsorbents for
dexamethasone (DEX) which is a drug used in the treatment of COVID-19.
The NPs-Fe and the NPs- Fe3O4 were synthesized by chemical reduction and co-precipitation, re-
spectively. The results of the characterization performed by Scanning Electron Microscopy (SEM),
Potential Z (PZ), X-Ray Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR) of
NPs-Fe and NPs-Fe3O4 unstabilized and stabilized with glycine at concentrations of 0.16, 0.32 and
0.48 M are reported.
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All samples of the NPs-Fe and Fe3O4 presented quasi-spherical morphology and with average di-
ameters between 121 nm to 85.6 nm and between 20 and 30 nm, respectively. The results showed
that glycine improves the stability of NPs-Fe and NPs- Fe3O4.The stabilized and unstabilized NPs-Fe
exhibit a BCC crystal structure and inverse spinel crystal structure for the NPs- Fe3O4. The crys-
tallite size decreased from 9.55 nm to 5.54 and from 11.8 to 11.5 nm, for NPs-Fe and NPs- Fe3O4,
respectively.
Furthermore, the adsorption kinetics are studied by varying the mass of the adsorbent (NPs-Fe and
NPs- Fe3O4) and keeping the concentration of the adsorbate (DEX) constant. According to the re-
sults obtained by UV-Vis spectroscopy, it is observed that the use of glycine improves the adsorption
of the DEX on the surface of NPs-Fe and NPs- Fe3O4.
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The green leaf blade of plants is a cellular biomaterial specialized in photosynthesis (conversion
of light to chemical energy with absorption of CO2 and release of O2). This process is possible
due to the abundance of cellular chloroplasts that contain chlorophyll. The main recognized uses
are dyes (textile and food), vitamins, therapeutic properties and antioxidants. Therefore, in this
work, non-traditional alternatives for plant materials are proposed for the industrial extraction of
chlorophylls and thereby also promote the agricultural crops from which it comes. Herbaceous
species with different uses: coriander, spearmint, chard, spinach and forage crop (lucerne), were
treated according to the chlorophyll extractive methodology by Callejas et al. (2013), a minimally
invasive (ethanol as extractant) and rapid technique (2 stages) which involves maceration with 96°
ethanol and centrifugation, subsequently the absorbance reading is monitored at 665, 649 and 470
nm. With evaporation of ethanol in the extracts generates chlorophylls in a solid state pulverized to
be used as inputs in various industrial applications. In the ethanolic extracts, the suspended matter
(°Bx) was determined by refractometer and the antioxidant capacity according to Canadanovic, et al.
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(2014). The yield was obtained for chlorophyll type a, b and carotenoids (Lichtenthaler, 1987) with
respect to fresh leaf. The yields for obtaining the most abundant chlorophyll pigment “a”expressed
as µg/cm2 and mg/100g were: spearmint 175.9; 1,639.5 > coriander 48.4; 345.9 > chard 32.5; 194.59
> lucerne 25.92; 165.5 > spinach (traditional species) 45.5; 101.9. The °Bx were similar in all extracts,
(19.5-20.5) °Bx. Finally, the antioxidant capacity in % DPPH radical inhibition was highlighted for
spearmint: spearmint (39.80%) > lucerne (24.50%)> chard (9.16%) > coriander (5.33%). It is concluded
that spearmint showed potential for the industrial extraction of chlorophyll as a raw material for
use as antioxidants, even in the field of photographic development.
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The sodium alginate hydrogels in tissue engineering area, for example, in bone tissues, are limited
because of their weak mechanical properties, in addition to the lack of cell interaction and its un-
controllable degradation. In this context, is proposed the preparation of alginate-based hydrogels
with Hydroxyapatite-Wollastonite. This bioceramic compound is synthesized by the Sol-Gel method
in different component proportions. The wollastonite with high purity and extracted by the NYCO
miner and the alginate was obtained of sargassum from Sonora.
The hydrogels characterization by FTIR, SEM, TGA, the mechanic properties through the compres-
sion and thermal analysis with DMA, will be shown.
The wollastonite use is based on the contributions that this mineral gives to the hydroxyapatite, be-
cause is reported an improvement the mechanical proprieties, in virtue of the acicular crystalline
habit that it possesses, which allows the creation of an interwoven reinforcing mesh, that takes ad-
vantage by the hydroxyapatite. Also, the mineral enhances the bioactive and biocompatible qualities
of the hydroxyapatite.
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Sulfur dioxide (SO2) is an extremely toxic gas, primarily generated by the combustion of fossil fu-
els and various industrial processes. Its presence in the air can cause respiratory problems and
contribute to acid rain, affecting both human health and the environment. Consequently, the de-
velopment and use of highly efficient methods to eliminate this gas is of great importance. In this
study, a nanocomposite material with micro-mesoporous architecture structured by a MgAlFe lay-
ered double hydroxide (MgAlFe-LDH) and a metal-organic framework (UIO-66-NH2) was developed
through in situ chemical growth of UIO-66-NH2 on the surface of MgAlFe-LDH treated with (3-
chloropropyl)trimethoxysilane. Structural characterization of this nanocomposite using XRD, FTIR,
SEM, and BET surface area confirmed the successful development of this material. The adsorption
behavior of SO2 was evaluated using a vapor and gas sorption analyzer under vacuum conditions
(DVS Vacuum), and the influence of important parameters, including the amount of adsorbent, the
initial concentration of SO2, and contact time, was investigated. A better efficiency of these param-
eters was observed compared to other similar SO2 adsorbents such as ZnAl-LDH, CO3MgAl-LDH,
OHMgAl-LDH, UIO-66-ox, 18-UIO-66-cyanoacetic, and UIO-66-NH2/PAN6. These findings high-
light the potential of composite materials in mitigating atmospheric pollution by enhancing the
efficiency of adsorbing harmful gases such as SO2.
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This research used molecular dynamics simulations to investigate the behavior of surfactant molecules
when confined in a thin layer of water, simulating a thin liquid film. The anionic sodium dodecyl
sulfate (SDS) was chosen as the surfactant model for the study. Our simulation employed the OPLS-
AA force field, with various input parameters relating to the initial amounts of water, SDS, and
a gas phase. The forces interaction from the water was modeled by the SPC/ε (extended simple
point-charge water model), while the gas phase was modeled via long-range Lennard-Jones poten-
tial. Isotropic and semi-isotropic NPT ensembles were implemented with the Nose-Hoover thermo-
stat and Parrinello-Rahman barostat. We have conducted several simulations, changing the pressure
each time with the object of observing the effect of the pressure on the system. To model foam film’s
thinning and thickening transitions, we conducted a second set of simulations at constant pressure
but with varying water volumes in the system. All simulations consistently yielded the formation of
a thin water film stabilized by the SDS surfactant monolayer at the air-water region. Despite the sur-
factant concentrations in the simulation being below the critical micellar concentration, so that we
assume surfactants adsorb at the interface, we were surprised to observe the formation of SDS self-
assemblies micelle-like within the bulk water phase under certain conditions. Our findings provide
molecular insights on the morphology transitions of surfactant monolayers in confined system. Sub-
sequently, a correlation was established between the system’s bulk pressure and the simulation box’s
mechanical surface tension, with a correction applied for the inherent water surface tension. This
correlation exhibited a trend like the experimentally measured disjoining pressure, signifying the
system’s response to the interplay between short-range repulsive and long-range attractive forces.
This finding challenges the conventional understanding of the behavior of surfactants below critical
micellar concentration in confined systems.
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Polyethylene terephthalate (PET) is a synthetic polymer with which we have daily contact (pack-
aging), becoming an important source of waste and pollution. The PET was from wasted beverage
bottles, and, the polymeric solution precursor of the nanofibers was prepared by dissolving PET and
WO3 in a solvent mixture of TFA and CHCl3 (1:3), stirring time (1 hour), spun sample volume (3 ml).
The nanofibers were heated at 80℃ for 1 hour to remove organic residual, release residual stresses,
and improve fiber stability. The nanofibers were fabricated by electrospinning technique under con-
ditions of voltage (20 kV), the needle from the collector (15 cm), and relative humidity (38%). To
observe the effect of WO3 particles, recycling PET fibers and other recycling PET fibers decorated
with 6% WO3 were analyzed, SEM images of both samples reveal fiber morphology, showing that
the decorated fibers have smaller diameters. Also, thermograms of the nanofibers show a rapid mass
loss of 5% attributed to the moisture and the beginning of the thermal degradation followed by the
highest percentage of mass loss represents the decomposition of PET around 368℃, final, it is ob-
served complete decomposition process of PET nanofibers at 532.89 ℃. The nanofibers decorated
with tungsten oxide show lower mass loss and slightly decrease the amount of carbonized residue,
which is related to the fact that WO3 is stable at these temperatures. Reusing and recycling PET
in the form of nanofibers contributes to the process of recyclability and also by decorating it with
WO3 particles, it can increase near infrared photoabsorption and potentially be used in desalination,
water evaporation, photocatalysis or gas sensing.
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Curcumin is a natural polyphenol widely studied for its antioxidant activity, among other properties.
The disadvantage in the use of this active pharmaceutical ingredient (API) is its poor solubility in
water, so it is necessary to use nanovehicles, such as poloxamers, that have the ability to form mi-
celles and to maintain the API in the lipophilic core and at the same time be in an aqueous solution.
To further protect the loaded micelle, it can be encapsulated into a chitosan hydrogel. This double
encapsulation helps to maintain the system stable for a longer period and potentially allows the
prolonged release of curcumin. Furthermore, this double-encapsulation strategy allows the incorpo-
ration of liposoluble APIs such as curcumin in chitosan-based hydrogels, which otherwise would be
dispersed as insoluble crystals; resulting in improved bioavailability of liposoluble APIs. Therefore,
in this study, hydrogels were obtained by incorporating F 127 poloxamer micelles loaded with cur-
cumin into chitosan crosslinked with citric acid. The concentrations of chitosan (0.5, 0.75 and 1%)
and citric acid (0.05, 0.075 and 1%) were varied. Physicochemical characterization was carried out by
FTIR-ATR, determining interactions between the poloxamer and chitosan, as well as evidence of ef-
fective cross-linking. After 6, 15 and 24 hours of cross-linking reaction, the hydrogel was still in the
dispersed state, as confirmed by hydrodynamic diameter size. After testing several methodologies,
freeze-drying and rehydration turned out to be the most efficient way to obtain consistent hydro-
gels. Samples with a higher percentage of chitosan displayed greater curcumin loading efficiency,
achieving values up to 80%. The stimulus-sensitive pH property of the hydrogels was demonstrated
following a sustained release of 75% at physiological pH, compared to 84% release at pH 5.5, achieved
in 168 hours. This characteristic makes the system very attractive for a potential use as nanovehicle
for loading and release of curcumin.
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This study explores the synthesis and characterization of composite materials using extracts from
soursop (Annona muricata), aiming to enhance the mechanical properties of bioplastics, highlight-
ing the importance of composite materials in various technological fields, particularly their role in
improving the durability and strength of bioplastics, the objectives included synthesizing these ma-
terials through bio-reduction processes and characterizing their impact on bioplastics, employing
plant extracts for a more sustainable and eco-friendly approach, characterization was performed
using Scanning Electron Microscopy (SEM) to analyze the surface of the composites, which demon-
strated increased rigidity and resistance in bioplastics containing the composite materials, the results
indicated that composites synthesized from soursop extracts significantly improve the mechanical
properties of bioplastics, making them suitable for various scientific and technological applications,
contributing to the field of material science by providing a sustainable method for enhancing bio-
plastic properties and reducing environmental impact.
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This study presents an innovative methodology for determining the thermal diffusivity in thin films
of metals and organic materials using advanced thermographic techniques. A diode laser pulse is em-
ployed to create a thermal contrast on the sample surfaces, with the resulting temperature evolution
monitored by an infrared camera. The collected data is then processed using a MATLAB-developed
algorithm, enabling precise calculations of thermal diffusivity. The methodology utilized two laser
types: a 415 nm laser and a 910 nm infrared laser, with respective powers of 100 mW and 150 mW.
This approach was applied to analyze a thin film of copper oxide and another consisting of Fe3O4
magnetic nanoparticles on glass. The developed technique is both effective and non-destructive,
offering a highly accurate tool for the thermal characterization of materials.
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Thermal lens spectroscopy, reliant on the thermal lens effect, offers a sensitive and non-invasive
means for analyzing samples through their light absorption-induced refractive index changes. We
aimed to enhance sensitivity using a novel differential method. This involved measuring the sig-
nal at the center point of the probe beam spot and comparing it with the signal obtained through
spatial filtering, termed the “eclipsed signal.” Experimentation utilized Deyman’s organic dye “Straw-
berry2143 v.7”dissolved in alcohol, with a periodically modulated solid-state laser (532 nm) for ex-
citation and a HeNe laser (632.8 nm) for probing. Our approach showcased nearly a 50% enhance-
ment in lowering the detection limit compared to conventional methods. Additionally, we devel-
oped a continuous-flow reactor for temperature control, facilitating experiments in photocatalysis
and adsorption for water remediation. The described differential thermal lens spectrometry method
presents a highly sensitive approach for trace quantification in liquid samples, promising significant
analytical advancements.
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All inorganics halide lead perovskites have emerged as promising candidates for optoelectronic de-
vices due to their exceptional properties, including high absorption coefficients, tunable bandgaps,
and superior charge carrier mobilities. These attributes make them ideal for applications in solar cells,
light-emitting diodes, and photodetectors. However, a significant challenge limiting their practical
application is their instability under environmental conditions such as moisture, oxygen, and ther-
mal stress. To address this issue, the implementation of Al2O3 directly on the top of the perovskite
has been studied as a protective layer. This protective mechanism is crucial for extending the oper-
ational lifespan of CsPbBr3-based optoelectronic devices, potentially making them more viable for
commercial use. Further analysis and optimization of the interface could lead to significant advance-
ments in the development of stable, high-performance perovskite-based optoelectronics. This work
focuses on the detailed in-situ deposited and chemical analysis of the Al2O3/ CsPbBr3 interface,
where the perovskite has been deposited by Close Space Sublimation (CSS) and the Al2O3 deposited
by Atomic Layer Deposition (ALD) and employing X-ray photoelectron spectroscopy (XPS), and oth-
ers characterization techniques. A plausible growth mechanism of ALD Al2O3 on top of perovskite
is presented.
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The strategic integration of nanomaterials into polyurethane-based coatings offers considerable im-
provements with metal oxide nanoparticles providing enhanced properties to the coatings. This
approach aims to contribute insights for developing materials in surface protection within demand-
ing environments, fostering innovation in the design of materials with self-healing properties. To
enhance the self-healing properties of nanocomposite coatings based on polyurethane by leveraging
the influence of titanium dioxide and silicon nanoparticles (TiO2-SiO2) because they have proven to
be an effective filler material to improve the mechanical properties of many polymeric systems[1].
Thus, coatings are engineered to bestow mechanical strength and self-healing properties, prolonging
lifespan and enhancing performance in various industrial and technological applications[2].
In this research, polymeric nanocomposites were prepared and characterized to understand their
performance for surface protection subjected to mechanical damage. The nanocomposites based on
metal oxide nanoparticles and polyurethane were prepared using an in-situ process, and the coatings
were deposited via spin coating. The chemical and surface properties guided the preparation of the
nanocomposite coatings.
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Two-dimensional materials, such as graphene, have acquired significant attention due to their unique
electrical, optical, and mechanical properties, making them highly promising for various applications
including electronics, optoelectronics, and energy storage. This study focuses on graphene oxide
(GO) samples with varying degrees of oxidation, synthesized using a modified Hummers’method.
These samples were investigated using force-displacement curve indentations with an MFP3D-SA
Atomic Force Microscope (AFM). The study establishes a correlation between the mechanical re-
sponse and the degree of oxidation, highlighting potential applications based on mechanical per-
formance. Characterization techniques including Thermogravimetric Analysis (TGA), X-ray Photo-
electron Spectroscopy (XPS), Raman Spectroscopy, Scanning Electron Microscopy (SEM), and AFM
were employed to link the type and quantity of functional groups.
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With the increasing global population and advancements in portable technology, there is a grow-
ing demand for improved energy storage devices like supercapacitors, which offer high-power per-
formance, rapid charge/discharge cycles, and longer service life than batteries despite storing less
energy. To enhance supercapacitor performance, this study focuses on developing electrospun mem-
branes composed of graphene family materials based on polymeric nanocomposites. These materials
provide high specific surface area, optimal pore size distribution, low internal electrical resistance,
and enhanced electrochemical and mechanical stability. Recent advancements in nanoscience high-
light the potential of graphene and carbon nanotubes due to their superior properties, with reduced
graphene oxide emerging as a cost-effective and scalable alternative to overcome graphene’s limita-
tions, making it a promising candidate for high-performance supercapacitors.
Incorporating graphene-derived materials into (i.e., cellulose acetate) matrices via electrospinning
has practical implications, producing high-performance supercapacitor electrodes with enhanced
capacitance. This project not only sets the stage for future research proposals and projects but also
paves the way for designing prototypes that address the need for higher technological maturity. The
findings underscore the potential for developing advanced, flexible energy storage devices, highlight-
ing the importance of optimizing material composition and electrospinning parameters for further
performance improvements.
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The discussion of this works is focus about the temperature field induced by thermal losses in these
components, highlighting the standard form of heating in some regions of interest generated with
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the method of Thermoreflectance images, using polysilicon Greek Cross and Cross-Bridge Test Struc-
tures. The generation of these images are obtained by a laser probe beam on the surface of the sam-
ple, in these images reveal the regions periodically heated by Joule effect, which are associated with
the electric current distribution in the four terminals in Greek Cross structure and six terminals in
Cross-Bridge structure using resistance measurements. The thermoreflectance microscopy provides
a temperature distribution map of the operating device with high resolution. The technique is also
useful for detecting and imaging defects, besides the temperature field, it is also sensitive to local
electric field, the noncontact and nondestructive character of the technique is one of its main advan-
tages, measure the uniformity of the current in the etching of polysilicon-metal, it is also tested by
means of simulations by finite element.
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The study of porous silicon has gained prominence due to modifications in its thermal and optical
properties stemming from the formation of a porous layer, expanding its applications from sensors
development to solar energy conversion systems design. One of the most commonly employed
techniques for its fabrication is electrochemical etching; where a mayor challenge lies in achieving
uniformity in pore distribution and size. In this investigation, porous silicon samples were fab-
ricated via electrochemical etching on N-type crystalline silicon substrates, utilizing hydrofluoric
acid (40 %) and platinum plates. The samples were processed from 1 up to 10 minutes, studying
the etched surface morphology, along optical and thermal properties of the samples, aiming to es-
tablishes a correlation between the etching conditions and the observed physical properties. The
morphology of the etched surface was analyzed using scanning electron microscopy, evaluating
the distribution of pore size in all samples. The optical characterization of samples was focused on
the examination of absorption and reflection spectra, as well as photoluminescent response; while
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the effective thermal properties have been determined from the analysis of the thermal response,
obtained through time-resolved infrared photothermal radiometry and frequency-resolved photoa-
coustic detection technique. Upon prolonging the electrochemical etching time, an increase in pore
area of up to 39.5% was observed. This led to a shift in the luminescence spectrum from 800 nm to
550 nm, alongside an increase in absorbance and a reduction in effective thermal diffusivity of up to
35.5%. These alterations were attributed to the increased incidence area and the formation of a SiO2
layer with Si nanoparticles. These modifications open new perspectives for their application in LED
devices.
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Traditional optical interference filters have been manufactured with discrete thicknesses since the
1930s, when anti-reflection coatings were first introduced in Zeiss microscopes. In most standard ap-
plications, the theoretical calculation of the optical response of a given filter is achieved by propagat-
ing electromagnetic waves through a continuous medium, a procedure known as analysis. However,
when more stringent requirements are imposed to achieve a complex transmittance filter profile, a
synthesis process becomes necessary. Various approaches exist to address this challenge.
In this study, we focus on the approximate Fourier Transform method to determine the index profile
for a specified transmittance. The resulting rugate filter exhibits a smoothly varying refractive index
as a function of thickness. The challenge lies in growing and controlling these index variations. In
this contribution, we utilize reactive sputtering controlled by optical emission spectroscopy (OES).
We detail the entire process, including the synthesis of the filter, the cleaning and calibration pro-
cedures using spectral ellipsometry, and the deposition and characterization of the resulting filter.
This work is part of a Cátedras CONAHCyT project, which encompasses designing and assembling
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the deposition chamber, integrating the ellipsometer, creating the OES system, designing the elec-
tronics control, developing the programming for each stage, and studying the physics behind target
poisoning, spectral line intensity ratios, and their relationship with the refractive index of the film
to be grown. The ultimate objective is to acquire knowledge and technology that can be transferred
to the industry. We present here our initial, promising results.
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The diabetes is a chronic disease that is detected by measuring the glucose levels in the blood. A
noninvasive alternative method was proposed for measuring the gas concentration emitted by indi-
viduals with this disease, where the compounds acetone (Ace) and ethanol (EtOH) are considered
as biomarkers, and indicators of the disease. A gas sensor array was constructed using quartz crys-
tal microbalance (QCM) with 30 MHz resonance frequency. Various sensing films with affinity for
Ace, and EtOH biomarkers were deposited on the QCM electrodes. The polymers deposited over
the QCM electrodes include ethyl cellulose (EC), poly[methylmethacrylate] (PMMA), Apiezon L,
Apiezon T and poly[ferrocenylmethylphenylsilano] (PFS). The sensing films were deposited using
the ultrasonic atomization method, where the QCM electrode was exposed to a micro-drops mist
the polymeric solution. This mist was carried by an air flow of 100 mL/min until it reached the
QCM surface, allowing the sensing film thickness to increase to approximately 200 nm on the QCM
electrode. The gas sensor array was exposed to Ace and EtOH gases using volumes of 1, 5, 10, ad
15 µL injected into a static system for gas sensor response measurement at a temperature of 22℃,
and 20 % relative humidity. We obtained gas sensor array sensitivity values ranging from 0.0018 to
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0.810 Hz/ppm, and achieved a classification accuracy of 75 %, and 100 % for EtOH, and Ace gases,
respectively.
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In dual beam, mode mismatched transient thermal lens spectroscopy (TLS), the evolution with time
of the probe beam intensity after the sample´s excitation is measured at the far field and, in the
conventional configuration, in the center of the beam. For samples with a negative temperature
coefficient of the refractive index, a divergent thermal lens is formed after excitation, so that this
intensity is a decreasing function of time. But at certain distances out of the axis of the probe
beam at the detector plane, the probe beam intensity will increase with time [1]. In both cases,
the total change of the intensity, measured with a photodiode as a proportional voltage difference
(∆V), determines the thermal lens signal that is proportional to the sample´s optical absorbance and
thus to the concentration of the absorbing specie. Here, we use this effect to propose a differential
configuration that enhances the sensitivity of the TLS method, as demonstrated by measurements
performed in water solutions of a commercial dye, at different concentrations. The experimental
configuration used is like that reported elsewhere [2], but the probe beam is divided so that two
photodiodes can be used to measure simultaneously the increasing and decreasing signals, whose
difference constitutes the differential signal. Calibration curves obtained by (a) the conventional TLS
experiment and (b) using the differential configuration, showing the sensitivity enhancement and
the lowering of the low detection limit (LOD) obtained with the latter.
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The application of the laser-spot active lock-in infrared thermography technique in a front
detection configuration for the simultaneous measurement of the thermal conductivity (k)
and diffusivity (D) of isotropic solids taking advantage of the heat losses by conduction
from the sample to the surrounding air has been reported recently []. In this method, an
intensity periodically modulated laser beam focused on the sample´s surface is partially
absorbed and transformed into heat so that thermal waves are generated that propagate
radially from the heating point. They are imaged using a thermographic camera at the same
surface where the excitation took place. Video-thermograms are recorded at the light
modulation frequency, from which amplitude and phase-shift profiles are obtained by lock-
in processing as a function of the radial distance from the heating point. These profiles are
then fitted with the help of a theoretical model to obtain k and D. However, the method is
limited to thermal insulators for which a large mismatch between their thermal diffusivities
and that of air exists so that for good conductors only the latter parameter can be recovered.
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Drinking water is a vital resource. Assessing water quality is a health issue. Harmful substances
such as heavy metals need to be in concentrations low enough for safe human consumption. It is
also necessary to monitor other water characteristics. For instance, water hardness, related with
calcium carbonate concentration, has an impact in detergent use and scale formation.
With the advent of nanotechnology concerns have arisen related to the effect of nanomaterials on
health and the environment. Several studies have focused on the toxicology of nanoparticles. Water
quality needs to be assessed not only to look for harmful substances in atomic or ionic states, but
also in the form of nanoparticles.
The monitoring of water is of special importance in desertic or semi-desertic regions were water
sources are scarce. There is also a need to study and improve water quality in the wake of environ-
mental accidents or in polluted places.
In this work, we present an electron microscopy analysis of nanoparticles found in drinking water
in two sites in Sonora, a state located in the Sonoran desert in Northwest Mexico. The chosen sites
are along the Sonora river basin. A major mine spill in august 2014 is a source of concern regarding
water quality in this region.
High-resolution transmission electron microscopy reveals the presence of a significant amount of
amorphous calcium carbonate (ACC) nanoparticles in the studied water samples. Interestingly, these
particles undergo a crystallization transition when illuminating with the electron beam. We also con-
ducted a systematic experiment to study the effect of pH on the morphological changes of ACC. We
varied the exposure time and the heat source using light and observed different agglomeration for-
mations of particles on a substrate.
Finally, we discuss possible health and technological issues related to the existence of ACC nanopar-
ticles in drinking water.
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This study presents the micro-manufacturing process and radio frequency (RF) evaluation of a Metal-
Semiconductor-Metal (MSM) type photodetector, utilizing reduced graphene oxide (rGO) decorated
with nickel nanoparticles as the photosensitive material for light detection. The photodetector was
initially designed with a Ground-Signal-Ground (G-S-G) configuration to determine the spacing be-
tween these elements. The microfabrication process followed, including electron lithography, rGO
deposition via the Langmuir-Blodgett method, and component metallization. During this stage, scan-
ning electron microscope (SEM) micrographs were produced to verify the correct application of the
nanomaterial and examine the details of the photodetector’s manufacturing process. Finally, the RF
characteristics were evaluated using a vector network analyzer (VNA) alongside a 1550 nm optical
stimulus to determine the scattering parameters (S parameters) in terms of reflection (S11) and trans-
mission (S21). These devices can be integrated into microwave systems, both passive and active, for
control through optical excitation.
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Concrete is one of the most widely used materials in civil construction. It is a rock created artificially
by mixing fine and coarse aggregate components, cement, and water. In this research work, the
analysis of the interfacial transition zone in the concrete microstructure by adding different graphite
contents, partially replacing the weight of cement, is presented. The morphology and microstructure
of the paste/aggregate interface were analyzed using X-ray Diffraction (XRD) and Scanning Electron
Microscopy (SEM) characterization techniques. It was determined that the concrete matrix with low
carbon percentage addition acquired a more compact microstructure, with lower permeability and
porosity. The graphite filled the pores of the paste and consequently increased the development
of calcium silicate hydrate (CSH) in the cement hydration. These mechanisms accounted for the
increase in the compressive strength of the concrete.
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The X-ray photoelectron spectroscopy technique has been applied to study compounds or oxidation
states of elements with the principal objet of stablish whether correlations exists between electron
binding energy and the formal charge. Natural polymer-based nanocomposites, silver nanoparti-
cles act as nanofillers with potential in biomedical industry due to antimicrobial activity. Many
methods for preparation, shapes or properties suggest the application. However, many references
discrepancies of binding energy values for its most intense peak which refers the assignment of the

Page 53



XVII-ICSMV / Book of Abstracts

corresponding metal oxidation states. This reported values still controversy due to the large of spec-
tra published with wrong interpretation information. In this work, we take the case of Ag3d peak,
using silver salts from diverse companies, silver nanocompounds and using references spectra in
literature. The main peak data are fitted simultaneously, with recognized methods using AAnalyzer
software. In this work XPS data concerning the Ag-O bond in homogeneous systems are analyzed,
then oxidation states of silver are investigated for the nature of chemical bonding.
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In this study, we obtained films with the NiFe/Cu/NiFe strucure were obtained by cathodic erosion,
with the NiFe layers maintaining a constant thickness of 100 nm and the intermediate copper (Cu)
varying in thickness from 100, 200, and 300 nm. The structural characterization was carried out by X-
ray diffraction (XRD) and scanning electron microscopy (SEM). Consistent with previous literature
[1], the XRD results demonstrated a face centered cubic (FCC) crystalline structure in all samples.
Notably, as the thickness of the Cu layer increased, the intensity of the characteristic copper peaks
also increased, indicating an enhanced crystallinity of the deposited layers. The SEM analysis shows
that increasing the thickness of the Cu layer leads to an increase in the grain size of the films. These
results suggest a relationship between the thickness of the Cu layer and the change in the structure of
the trilayer systems. This characterization provides valuable information on how the thickness of the
copper layer affects the microstructure of the systems, which is essential for potential applications
in the fields of electronics and magnetism. A correlation between structural properties and electrical
behavior is discussed.
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Effect of uniaxial structural anisotropy of Al/Nb metamaterial
on the superconducting transition temperature and magnetic re-
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Here, we have designed a metal/superconductor (Al/Nb) metamaterial to modulate its superconduct-
ing transition temperature Tc and response to external magnetic fields (Ha). The coherence length
of the Cooper pairs of bulk Nb regulates the thickness of the Nb and Al layers; thus, the filling factor
[fNb = dNb/( dNb + dAl)] of the metamaterial was set to 0.88 and 0.12, which were contrasted to a
thick Nb layer, fNb = 1. Curves of magnetic moment vs. temperature allow observing the effect of
anisotropy. The behavior of Tc and response of the metamaterial to the Ha is discussed in terms of
uniaxial structural anisotropy and proximity effect.
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Ellipsometry study of Cu3Se2 thin films growth by electrodepo-
sition
Author: Carolina Janani Diliegros Godines1
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The study of the optoelectronic properties of films that compose a solar cell have significant impact
in the optimization of the best configuration of a solar cell. Among these properties, the dielectric
function of the materials is one of the most relevant. In this work, the study of the dielectric function
<ε> of Cu3Se2 thin films growth over Glass/FTO by electrodeposition. The ellipsometric angles Ψ
y Δ were measured and then a multilayered model composed by general oscillator general + Drude
+ Tauc-Lorentz. The energy band gap was calculated from UV-Vis measurements and used as fixed
parameter in the ellipsometric model. The model allows to obtain the dielectric function of the films
and to calculate the optical properties of the absorbent layer.
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Reactive sputtering is a very useful technique, particularly to prepare inhomogeneous interference
filters, where refractive index changes smoothly during deposition. In such context, precise control
over the involved parameters becomes imperative to obtain a good reproduction of the optical prop-
erties [1]. This study employed a pulsed direct current (pulsed DC) power source to investigate the
influence of duty cycle on the target poisoning, sputtering plasma characteristics, electric signals,
and the optical and morphological properties of synthesized films.
The experimental setup was characterized by analyzing the behavior of plasma emission via optical
emission spectroscopy and voltage-current signals, while modulating parameters such as the oxygen
content within the vacuum chamber. A set of thin films were coated on glass substrates, under differ-
ent system conditions. The films underwent characterization employing spectroscopic ellipsometry
to ascertain their optical constants, atomic force microscopy for surface morphology analysis, and
X-ray diffraction for determination of crystalline structure.
The results indicate that longer duty cycles required higher oxygen levels to poison the target. Ad-
ditionally, a detailed analysis of electrical signals revealed non-square waveforms, whose character-
istics were influenced by both duty cycle and partial oxygen content within the sputtering chamber,
resulting in higher effective voltages during the on-time of the pulsed current and voltage. Also,
influenced the film characteristics, higher voltage during the metallic mode enhanced ion energy,
promoting greater atom mobility and rougher surface morphology. Conversely, in the poisoned
mode, limited atom mobility due to the oxide layer resulted in smoother surface morphology and
slower grain growth.
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This work shows an electro-photonic characterization of light emitting capacitors (LECs) based
on silicon rich oxide films (SRO) as active material. The LEC structure is based on metal-oxide-
semiconductor (MOS) capacitor with polysilicon as top M-electrode and p-type silicon as semicon-
ductor substrate. These devices exhibit a high current at low voltages with some current jumps/drops
that produce the appearing/disappearing of electroluminescent (EL) spots on the surface of the
top poly-Si contact [1]. These current jumps/drops are related to resistive switching (RS) events
from low resistance (LRS) to high resistance states (HRS) through the competition of the forma-
tion/annihilation of preferential conductive filaments (CF) within the SRO films. This chaotic electro-
photonic behavior can be annihilated by increasing the electric field to the LEC, which is depen-
dent on the gate area of the devices. Once the CFs are annihilated the device emit a strong EL on
the whole area of the devices. The electro-photonic characterization of these devices includes the
current-voltage curves, EL spectra, optical power and endurance.
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Analysis of piezoresponse forcemicroscopy signals obtained dur-
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Piezoresponse force microscopy (PFM) is a unique technique that enables the study of ferroelectric
properties at the nanoscale level. Scientific advancements and the proposal of new ferroelectric sys-
tems have encouraged the development of several variations of PFM. Specifically, for ferroelectrics
with poor mechanical properties, hybrid-PFM (H-PFM) has been introduced.

Within force-distance curves, a time window of mechanical contact exists between the tip and the
sample. In H-PFM, this time window can be leveraged to apply the AC bias used for PFM measure-
ments, thereby avoiding the influence of lateral forces present in conventional contact PFM. Despite
the utility of H-PFM in studying ferroelectric properties in mechanically soft samples, a thorough
investigation of the H-PFM mode has not been conducted. The objective of this work is to analyze
the amplitude and phase PFM signals during force-distance curves to gain a better understanding of
the PFM results.
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In this work, the amplitude and phase PFM signals will be analyzed during force-distance curves
obtained on a periodically polarized sample of LiNbO3. The study will be divided into two parts: be-
fore contact and during tip-sample contact, in order to establish the optimal conditions for obtaining
reliable PFM characterizations.

A developed protocol has determined that the PFM signals obtained before the contact of the force-
distance curves can be utilized to discern the influence of electrostatic artifacts during PFM char-
acterizations. Meanwhile, a procedure for obtaining the best amplitude and phase PFM images has
been established during the contact in a force-distance curve.
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Porosity percentage effect on porous silicon optical absorption
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An analysis of the reflectance spectra in porous silicon samples is reported to determine the effect
of the percentage of porosity on their optical absorption capacity in the visible spectrum. Porous
silicon (PS) samples were prepared by electrochemical anodization at 5, 10, 15, 20 and 30 minutes.
A crystalline silicon (CS) wafer with orientation (100), phosphorus-doped n-type (thickness: 500 ±
15 μm), and resistivity of 1-5 Ωcm was used. A constant current density of 40 mA/cm2 and a 40%
hydrofluoric acid (HF) solution were used in all cases. To measure the reflectance, an EDINBURGH
INSTRUMENTS FS5 spectrofluorimeter was used as an optical energy source, which has a 150 W
ozone-free xenon arc lamp and an excitation spectral coverage of 230 nm - 1000 nm and an R928P
Photomultiplier, with spectral coverage of 200 nm - 870 nm, cooled and stabilized. Measurements
were set in a range from 200 to 800 nm. The percentage of porosity changes significantly with
anodization time, with an approximately linear increase as a function of the thickness fraction of
the porous layer. The reflectance decreases noticeably for the PS samples, even for low anodization
times, and reduces more for higher anodization times. From the reflectance results, the absorbance of
each sample was obtained, showing a significant dependence on the percentage of porosity.
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The kidney damage present in septic shock is one of its most serious and irreversible symptoms.
One of the key biomarkers of kidney damage is the presence of hemoglobin in the urine, which can
indicate hematuria and acute kidney injury. Photoacoustic spectroscopy has shown its capacity and
sensitivity as an alternative tool for the detection of hemoglobin in biological samples, including
urine.
With this context, this work uses hemoglobin calibration curves obtained by photoacoustic spec-
troscopy. Hemoglobin has absorption bands at certain wavelengths (Soret band, 412nm and β and α
peaks at 550nm and 580nm respectively), generating a photoacoustic signal that is proportional to the
optical absorption spectrum and its concentration. The calibration curves were constructed using ref-
erence samples with known concentrations of hemoglobin (Sigma Aldrich hydrolyzed hemoglobin),
which allowed establishing a relationship between the absorption of the measured photoacoustic
signal and the concentration of hemoglobin in the sample, by using these specific calibration curves,
the concentration of hemoglobin in urine of an animal group of Male Wistar rats, induced into sep-
tic shock at 0 and 6 hours of this, can be quantified, detecting an increase in said concentration.
The above will facilitate early detection and monitoring of kidney damage in patients with septic
shock.
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This study explores Atomic Layer Deposition (ALD) for engineering optical waveguides and filters.
Al2O3-Y2O3 nanolaminates and Al2O3 thin films were fabricated using ALD, demonstrating their
potential as waveguides with low propagation loss. The influence of the oxygen source (H2O vs. O3)
in ALD Al2O3 waveguides was investigated, revealing lower losses for O3-based films. TiO2-x films
with varying oxygen vacancy content were also explored, achieving a high refractive index (2.55)
while maintaining good light propagation. Additionally, O3 annealing was examined for TiO2/Al2O3
multilayer filters, improving optical transmittance and etching resistance. Finally, waveguides were
fabricated by ultrafast laser ablation of Al2O3 thin films, highlighting the potential of this technique.
These findings showcase the versatility of ALD for creating advanced photonic devices using Al2O3,
Y2O3, and TiO2-x materials.
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Machine learning algorithms have become indispensable tools across all branches of science in recent
years. These algorithms, comprised of sets of neural networks, excel at identifying and classifying
patterns within datasets, proving to be comparable to human capacity in classification tasks. More-
over, they offer the advantage of completing tasks much faster than a human could. In this study,
we propose the use of an image classification algorithm to determine when nanoparticles within a
nanomaterial dispersed in a matrix reach the percolation threshold. We evaluated nanocomposites
with varying concentrations of metal nanoparticles and metal oxide nanoparticles for their electri-
cal properties. Percolation in a nanocomposite occurs when its conductivity approaches that of the
nanofiller dispersed within the matrix. To achieve this, we utilized a database of scanning electron
microscope images capturing the cross-section of nanocomposites to train a convolutional neural
network (CNN). Each image was associated with a percolation characteristic, either positive or neg-
ative, during the training phase. Image features were automatically selected by a non-supervised
machine learning algorithm. Subsequently, this allowed us to identify the nanocomposites that had
reached percolation without the need to characterize their electrical properties.
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Recent research has highlighted supercapacitors as promising candidates for energy storage applica-
tions due to their unique combination of rapid charge-discharge characteristics, low weight, flexibil-
ity, portability, and exceptional power density. These advantageous characteristics have facilitated
their integration into emerging technologies within the aerospace sector, electric vehicles, and wear-
able electronics. However, specific applications often necessitate additional functionalities beyond
energy storage, such as robust load-bearing capability, exceptional thermal stability, and enhanced
corrosion resistance. To achieve this synergistic effect of simultaneous structural integrity and ef-
ficient energy storage, meticulous electrode and electrolyte materials selection is essential. In this
regard, the utilization of solid or gel polymer electrolytes represents a highly promising approach
for the development of high-performance supercapacitors. Graphene derivatives are particularly
attractive because they provide exceptional mechanical reinforcement at the nanocomposite level
while maintaining fast charge transport properties. This study investigates the implementation of
gel electrolytes formulated with polyvinyl alcohol (PVA), and graphene derivatives possessing vary-
ing degrees of oxidation. These electrolytes were characterized using thermal and electrochemical
techniques to elucidate the impact of incorporating graphene derivatives. These results will help to
establish supercapacitor devices that achieve an optimal balance between mechanical properties and
efficient energy storage capability.
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In this work, the Li3Ba2La3(MoO4)8:(Eu3+, Tb3+) phosphor was investigated due to its excellent
luminescence emission properties in the red spectral range (615~620 nm) under excitation with a
blue LED (Light Emitting Diode). The phosphors were synthesized by the combustion and sol gel
methods, at different Eu and Tb concentrations, in order to find the optimal luminescence conditions
and nanostructural characteristics. Its physicochemical properties were studied by different analy-
sis techniques. Subsequently, the optimized red material was mixed with a commercial YAG:Ce3+
phosphor at different concentrations to obtain white light. Then, a white light lamp was manufac-
tured using a commercial blue LED as the excitation source for the combined luminescent powders.
Finally, the emission spectra and the Color Rendering Index (CRI) of the lamp were reported. The
proposed phosphor is a promising candidate for its application as a red-emitting component in light-
ing systems based on solid-state devices, particularly blue LEDs.
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In recent years, materials based on rare earth oxides have gained great importance in modern technol-
ogy, due to the innovative properties they have. For application in different scientific-technological
branches, ranging from the synthesis of hybrid materials to the development of new ceramic ma-
terials. The study of nanoparticles based on cerium oxides using the sol-gel method has become
of great interest, because this method allows control through various parameters (lower tempera-
tures than in other methodologies) such as: crystalline structures of materials, morphologies, sizes
and obtaining products with a high degree of purity. This allows us to undertake a more complete
study of the properties that this matrix has. In addition to the possible applications that can be de-
veloped, due to its unique properties. The focus of this work is the synthesis of undoped ceramic
powders, with doping and mixtures with europium oxide using the sol-gel method, to obtain gels
with molar concentrations (Ce:Eu= 100:0, 98 :2, 95:5, 92:8, 90:10, 70:30). The gels will be thermally
treated at a temperature of 700 ℃ for 24 hours, to promote their crystallization and subsequently
reveal the crystalline structure. Finally, the products obtained will be characterized structurally and
morphologically. Its luminescent properties will be studied using infrared spectroscopy (IR), energy
dispersive X-ray spectroscopy (EDX), scanning electron microscopy (SEM) and photoluminescence.
These studies will allow establishing a correlation between their properties, revealing their structural
and luminescent properties to understand the behavior of these materials and thus expand their field
of application.
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Challenges in technology have been significant in reducing the size of components such as transis-
tors, antennas, MEMs, LEDs, lasers, and many devices for biomedical and environmental improve-
ment applications. Therefore, the concept of nanotechnology has played a significant role in the
manufacturing and study of new materials at this scale. In the photonic area, the interaction between
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light and matter has been researched for the polaritons behavior with metallic patterns embedded in
a microcavity. A microcavity device is formed by two mirrors and an active medium, which, in our
case, is composed of quantum wells. The mirrors, known as Distributed Bragg Reflectors (DBR), are
made by stacking pairs of layers of two different materials, each with its own refractive index. The
thickness of each layer is equal to a quarter of the resonance wavelength of the cavity. Polaritons
are hybrid light-matter quasiparticles formed by the strong coupling between the cavity mode and
the quantum well excitons.
In this work, we present the progress in the fabrication of a hybrid microcavity, where the two DBRs
are made of different materials. Particularly, we report the development by e-beam lithography of
metallic patterns using the INSPECT F50 equipment at Laboratorio Nacional de Ciencia y Tecnología
de Terahertz (LANCYTT) within the Coordinación para la Innovación y Aplicación de la Ciencia y la
Tecnología (CIACYT). In this project, we are endeavoring to create various patterns using circles to
form lattices, such as the Lieb, kagome and moiré structures. Our objective is to produce strong con-
finement potentials for exciton-polaritons while simulating strain in these lattices by adjusting the
separation between the lattice sites. Throughout this journey, we have achieved promising results,
as we are currently presenting in this work.
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Luminescence quenching in porous silicon has been widely employed due to its sensitivity to numer-
ous molecular species acting as quenchers. Various molecular interactions can induce luminescence
quenching, including excited state reactions, molecular rearrangement, energy transfer, complex for-
mation in the basal state, and collisional quenching. Collisional inhibition, also known as dynamic
process, occurs when the excited-state silicon is deactivated upon contact with another molecule in
solution, called quencher. To explain the interaction of luminescent porous silicon with quenchers in
an ethanol-water system, a model based on differential equations was proposed, which is a conven-
tional tool for exploring luminescent processes. This method focuses on analyzing the population
density of each energy level involved. Photoluminescence inhibition tests were conducted using
ethanol and water. The amount of water was kept constant at 10, 11, and 12 mL, while the amount
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of ethanol in each batch varied. Spectra were acquired using a fluorescence spectrometer (Varian-
Agilent Cary Eclipse) with an excitation wavelength of 360 nm, employing a mount designed for
liquids at room temperature. The collected measurements were analyzed and fitted to the proposed
model. The findings indicate a strong alignment between the proposed model and the collected
data.
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Compounds synthesized from lanthanide elements have become indispensable due to their high effi-
ciency in applications where their luminescent properties are taken advantage of. Among these can
be found phosphors for illumination in screens or night vision, inks for security labels, lasers, pho-
tocatalysis, bioprobes, nanoscopy or in light-activated drug delivery. In the present work, through
the sol-gel process, gels with different proportions of Eu3+ (0, 2, 5, 8 and 10 mol%) were synthesized
in Lu2O3 host matrices, as well as an Eu2O3 matrix for comparative purposes. In the production of
aerogels, the gels were dried with supercritical CO2 and subsequently subjected to a thermal treat-
ment at 800 ℃ to induce crystallinity. The products were analyzed by infrared spectroscopy (IR),
x-ray diffraction (XRD), scanning electron microscopy (SEM) with energy dispersive spectroscopy
(EDS), transmission electron microscopy (TEM) and photoluminescence analysis. According to the
results, it is indicated that the main absorption band (M-O-M), which is characteristic of the metal
oxide compounds, is located around 560 cm-1 and did not present significant changes as the con-
centrations of the Eu3+ ion alter the composition of the aerogels. Furthermore, these materials are
made up of type-C crystalline structures with crystallite sizes around 10 nm which, in turn, form
three-dimensional networks of interconnected particles. Likewise, according to the luminescence
studies, the emission bands around 580, 590, 612 and 650 nm were present due to the energy transi-
tions 5D0→7F0, 5D0→7F1, 5D0→7F2 and 5D0→7F3 of the Eu3+ ions, respectively. The 10 mol%
sample was the one that presented the best results in terms of intensity and quantum yield. In addi-
tion, the position of the color in the CIE diagram was calculated, establishing that the color emitted
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by the aerogels is orange-red. This type of materials has a high potential to be used in biomedical as
drug carriers or biomarkers.
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Recently, research on vanadates has generated genuine interest due to their high luminescent effi-
ciency [1], resonant excitation with commercial NUV chips (λex = 350 nm) [2], high thermal stability
[3], excellent chemical stability [4], and extraordinary dopant solubility. These qualities make vana-
date matrices suitable for the incorporation of lanthanides to modulate their emissions to specific
hues. In this regard, this work focuses on the synthesis and characterization of calcium orthovana-
date (Ca2(VO4)2) activated with different contents of Sm3+. The compound is obtained through
a double substitution synthesis using the solvent evaporation technique. The expected structure
for Ca2(VO4)2 presents a trigonal symmetry [5]. The structural relationship was complemented by
Raman spectroscopy, revealing that the main modes of symmetric and asymmetric vibrations corre-
spond to [VO4]3- units. Scanning electron microscopy (SEM) micrographs show a loose aggregation
morphology of the particles where smaller particles aggregate and form larger particles. By diffuse
reflectance spectroscopy and the Kubelka-Munk algorithm, a forbidden band gap energy of 4.43 eV
is determined [6]. The excitation spectra of Ca2(VO4)2 with different amounts of Sm was monitored
at 646 nm, show the highest peak in the transition band (4G5/2→6H9/2) located at a wavelength of
406 nm. The emission spectra are obtained under direct and indirect excitation of the Sm3+ ion at
excitation wavelengths of 275 and 406 nm, where characteristic emissions of Sm3+ 4G5/2→5H5/2,
6H7/2, 6H9/2, and 6H11/2 + 4G5/2 are observed. Additionally, an increase in local asymmetry is
determined through the ratio of electric (ED) and magnetic (MD) dipole intensities.
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Aerogels are very novel materials due to the large number of potential applications that the scientific
community is currently investigating. This is due to their extreme porosity and the ability to be syn-
thesized using a wide variety of compounds. Although the excellent thermal and acoustic properties
of aerogels are guaranteed by the interconnection of their particles at the nano and micrometer scale,
they have a large window of opportunity for their production and study from rare earth elements.
Therefore, through the sol-gel process and supercritical drying with CO2, in this work yttrium oxide
(Y2O3) aerogels co-doped with europium oxide (Eu2O3) have been synthesized at different concen-
trations (Eu3+= 2, 4, 8% mol) and terbium oxide (Tb2O3) in low concentration (Tb3+= 0.075 mol%). In
this type of system, Eu3+ and Tb3+ act as luminescence-activating and sensitizing ions, respectively.
The products were heat treated at 800 ℃ to obtain crystalline materials. Subsequently, thenoyl-
trifluoroacetone (TTA = 9 µmol%) was added to study the so-called “antenna”effect provided by
this compound. The crystallized aerogels and TTA functionalized powders were characterized by
infrared spectroscopy (FT-IR), x-ray diffraction (XRD), scanning electron microscopy (SEM), energy-
dispersive x-ray spectroscopy (EDS) and by a luminescent analysis. (FL). The materials exhibit the
characteristic bonding of rare earth metal oxides (M-O-M); with coralliferous morphologies that are
associated with extremely porous materials. Furthermore, the interconnected particles presented a
suitable chemical composition created from type-C crystalline structures with sizes less than 20 nm.
Finally, luminescent studies revealed emission bands located between 480 and 650 nm associated
with the 5D0→7F0-4 energy transitions characteristic of the red emission of the europium ion that
was modified when functionalized with TTA. This type of materials has a high potential to be used
in optoelectronics.
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The search for sustainable and efficient solutions in the solid-state lighting field has gained signifi-
cant importance due to its environmental impact. One such solution is light-emitting diodes (LEDs),
which offer higher energy efficiency and durability than conventional lighting technologies such as
incandescent bulbs and fluorescent tubes. Nowadays, LED technology has evolved to the develop-
ment of organic LEDs (OLEDs), which have emerged in the technology industry due to their versatile
optoelectronic applications, e.g., in a flat display of televisions and cell phones, as well as flexibil-
ity, low voltage, and fast response. In this work, a blue-emitting phosphor designed by lanthanum
(III) coordinated with 1,10-Phenanthroline, [La(Phen)2(NO3)3], was obtained by an effective and
low-energy precipitation method. Infrared spectroscopy (IR) and X-ray diffraction (XRD) revealed
the compound coordination environment and crystal structure. The luminescence properties, abso-
lute quantum yield (Ф), and luminescence lifetime decay (τ) were determined by photoluminescence
spectroscopy. In addition, the chromatic coordinate CIE 1931 and color purity are reported. It is high-
lighted that the complex [La(Phen)2(NO3)3],] displayed a deep blue emission related to the electronic
transitions of the 1,10-Phenanthroline, which is not perceptible in its free form as an organic ligand.
This experimental observation is due to the structural rigidity caused by the coordination with the
Lanthanum ion. The results will be discussed regarding a possible application as a blue-emitting
phosphor, its organic nature, and the use of the promising material in OLED technology.
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Lanthanide complexes are a new type of luminescent materials used for several optical applications,
including biological fluoro-immuno assays, lasers, solid-state lighting, electroluminescent devices,
and Light Emission Diodes (LEDs). The Direct excitation of Lanthanide ions inefficient absorption
is due to forbidden transitions resulting in low quantum yield. However, it has been observed that
organic ligands highly conjugated coordinated with lanthanide centers enhances luminescence im-
mensely through an energy transfer mechanism also known as antenna effect.

In this work, aromatic ligands of carboxylic acids coordinated with Europium (III) and Terbium
(III) were obtained by precipitation method. Photoluminescence spectroscopy (PL), Infrared spec-
troscopy (IR) and powder X-ray diffraction (PXRD) are reported to determine luminescence prop-
erties, coordination modes and crystal structure respectively. PL shows the direct excitation of the
organic ligand which transfers energy towards the lanthanide ion, a process known as antenna ef-
fect. IR revealed coordination. In addition, the chromatic coordinate CIE 1931, color temperature,
and color purity are presented.

Preliminary results indicate that coordination compounds with Eu(III) and Tb(III) sensitized with
aromatic carboxyl ligands have promising applications as light-emitting phosphors in several tech-
nological fields.
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We report on the fabrication and characterization of TiO2 nanoparticles immobilized in porous
silicon (p-Si) structures; p-si was obtained by chemical anodization using crystalline silicon (c-Si)
substrates with varying resistivity. This study used two types of TiO2 nanoparticle nanoparticles
to compare their properties: one synthesized by hydrothermal process and the other commercial.
Structural characterization was conducted using X-ray diffraction (XRD), and the results were cor-
roborated by Raman spectroscopy. Morphological characterization was performed using scanning
electron microscopy (SEM) to determine the porous distribution as well as the shape and size of the
TiO2 nanoparticles. The optical properties of the porous silicon were analyzed using luminescence
techniques. Time-resolved photoluminescence (TRPL) was employed to determine the average life-
time of the carriers involved in the recombination processes.

Keywords:

Nanoparticles, Titanium dioxide, nanostructure, porous silicon

Reference:

Tank, C. M., Sakhare, Y. S., Kanhe, N. S., Nawale, A. B., Das, A. K., 2011). Electric field enhanced photo-
catalytic properties of TiO2 nanoparticles
Gupta, T., Cho, J., (2021). Hydrothermal synthesis of TiO2 nanorods: formation chemistry, growth
mechanism, and tailoring

This work was supported by:

This work was partially supported by postdoctoral fellowship CONAHCYT and Instituto Politécnico
Nacional (SIP-IPN Project Number 20240630 and 20241177 )

Author approval:

I confirm

Author will attend:

I confirm

Page 72



XVII-ICSMV / Book of Abstracts

LUMINESCENCE PHENOMENA / 103

SYNTHESISANDLUMINESCENTPROPERTIESOFZNO:ER3+
Author: Ricardo Valle Ramirez1

Co-authors: Julián Carmona Rodríguez 1; Vicente Vargas García 2; Omar Soriano Romero 2; Edith Graciela Gonzáles
3; Julio César López Enríquez 3

1 Instituto de Física y Matemáticas, Universidad Tecnológica de la Mixteca, Heroica ciudad de Huajuapan de León,
Oaxaca.

2 Facultad de Ciencias Físico Matemáticas, Benemérita Universidad Autónoma de Puebla, Heroica Puebla de Zaragoza,
México.

3 Instituto de Agroindustrias, Universidad Tecnológica de la Mixteca, Heroica ciudad de Huajuapan de León, Oaxaca.

Corresponding Author: riquey29@gmail.com

Zinc oxide (ZnO) is a material with multiple electrical and optical properties, in this work we stud-
ied the incorporation of the Er3+ ion into the host of ZnO synthetized by the Sol-Gel. Changes in
the luminiscent properties of ZnO:Er3+ are directly correlated with the incorporation of Er3+ ion
(0.25, 1.25, 2.25, y 3.25 mol%). The Near-Infra Red (NIR) emission of ZnO:Er3+ was obtained excited
at 980 nm with a pumping power around 370 mW, the maximum in the emission band at 1535 nm
corresponding to 4I13/2 → 4I15/2 transition of the Er3+. The Stark effect is appreciate in the NIR
emission of ZnO:Er3+, the splitting of the intra-electronic levels of Er3+ is caused by the crystalline
structure associated to the ZnO. Near-infra Red photoluminescence is useful for applications in op-
toelectronics and solar-cell technologies, for such purposes ZnO:Er3+ is very promising.
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Zinc phosphate glasses with varying compositions of Mn2+ and Yb3+ were successfully synthesized
using the conventional melt and quenching method. Mn2+ exhibits simultaneous green-orange emis-
sion through four- and six-fold coordination upon excitation at 350 nm, and via up-conversion when
excited at 980 nm. Yb3+ shows its characteristic 976 nm emission due to the 2F5/2→2F7/2 transi-
tion when excited at 350 nm within the 6A1(S)→4E(D) Mn2+ energy level. This phenomenon is
proposed to occur due to the presence of Mn2+-Yb3+ dimers or through charge transfer via oxygen
bridges. An energy diagram is provided to illustrate the mechanism of this bidirectional energy
transfer. Absorbance, excitation, and emission spectroscopic studies are presented.
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In this project, europium-doped yttrium phosphate powders (YPO4:Eu3+) with a concentration of 6
mol% were synthesized by the hydrothermal method. The hydrothermal reaction conditions were
190 ℃ for 3 hours. Heat treatment was carried out at 750 ℃ for 3 hours to form the crystal struc-
ture. The addition of glycerol as a cosolvent was to prevent agglomeration and promote dispersion
of the particles. The pH was adjusted from an acidic medium (pH = 4) to a neutral medium (pH
= 7), with the dropwise addition of sodium hydroxide. The powders obtained were characterized
by X-ray diffraction (XRD), infrared spectroscopy (IR) and photoluminescence (PL), to study the
structural, chemical, morphological, and luminescent properties with respect to the Eu3+ present
in the YPO4 structure. The XRD results revealed the formation of the cubic phase without phase
transformations 1or secondary phases. The lattice parameters were changed when YPO4 was doped
with Eu3+, because the ionic radius of Eu3+ is larger than that of Y3+. Therefore, it is verified that
Eu3+ was included in the YPO4 matrix. Using infrared spectroscopy, the bands attributed to the
europium-doped yttrium phosphate were obtained, that is, the P-O and the O P-O at 1000, 642 and
618 cm-1 respectively. Photoluminescence analyzes showed the emission and excitation bands at
594 nm and 230 nm, respectively. The energy transitions of europium 3+ were observed: 5D0-7F1,
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5D0-7F2, 5D0-7F3, 5D0-7F4 at 600 nm, 630 nm, 650 nm, and 700 nm, respectively. On the other hand,
the chromatic coordinates were orange red, which agrees with the ultraviolet-excited Eu3+ emission.
On the other hand, the quantum yield of Eu3+-doped YPO4 powders was 62.32%.

Keywords:

Phosphors, Rare-earths, Europium, Luminescence, Hydrothermal.

Reference:

J. Wu, C. Liu, H. Jia, Y. Qi, Optical properties, energy transfer and thermal stability of spherical nano-
phosphor YPO4:Eu3+:Sm3+, College of Materials and Metallurgy, Inner Mongolia University of Sciences
and Technology (2022) 22-2313. https://doi.org/10.1016/j.jlumin.2022.118791.

This work was supported by:

By CONACYT for the financial support for the doctorate degree. By the support of the laboratories
about characterization of materials (CNMN-IPN, CREA CIITEC, and CICATA Legaria).

Author approval:

I confirm

Author will attend:

I confirm

LUMINESCENCE PHENOMENA / 208

LUMINESCENCE PROPERTIES OF CaMoO4 DOPED Dy3+
Author: Andrés Alfonso Saavedra Romero1

Co-authors: Omar Soriano Romero 2; Salvador Carmona Téllez 3

1 Benemérita Universidad Autónoma de Puebla
2 Benemérita Universidad Autónoma de Puebla
3 CONAHCyT

Corresponding Author: andres.saavedrarom@alumno.buap.mx

Material Physics focuses on synthesis and characterization of materials for different applications,
such like tunable color iluminants, LED applications, construction, and even medicine. Keeping this
in mind, the incorporation of rare earths as crystal impurities in the host material is quite important,
because it could change the electrical and optical properties in order to favor its emission. In partic-
ular, Dy3+ doped materials have been studied and proposed for modulable white LED applications,
among these, CaMoO4: Dy has become of interest for many researchers due to its lumninescence
and thermoluminescence properties. This work shows the synthesis and spectroscopic characteriza-
tion of CaMoO4 doped with different molar concentrations of Dy3+, in order to determine which,
one gives the best emission. The synthesis was performed by the solvent evaporation technique
from appropriate solution of calcium chloride hexahydrate and sodium molybdate dihydrate, using
deionized water as solvent, according to equation (1):

CaCl2 � 6H2O + Na2MoO4 � 2H2O → CaMoO4 + 2NaCl + 8H2O (1)

The solution was heated and stirred simultaneously at a temperature of 80 ℃ for 1 hour until the
solvent was evaporated, leaving a precipitate of CaMoO4. At last, the sample was placed in a muffle
oven at 700 ℃ for 8 hours in order to get the crystalline structure. XRD and Raman were used as
characterization techniques for CaMoO4 doped with different concentrations of Dy3+ in order to
verify that the compound was correctly synthesized. Photoluminescence emission was measured
showing interesting results.

Page 75



XVII-ICSMV / Book of Abstracts

Keywords:

Luminiescence, Thermoluminescence, Crystalline, Raman, XRD

Reference:

Laguna, M. (et al.). Morphology control of uniform CaMoO4 microarchitectures and development of
white light emitting phosphors by Ln doping (Ln = Dy3+, Eu3+). The Royal Society of Chemistry: Crys-
tEngComm, Vol. 12, 1590-1600. (2017) doi: 10.1039/C6CE02611G

This work was supported by:

CONAHCyT PhD scholarship

Author approval:

I confirm

Author will attend:

I confirm

LUMINESCENCE PHENOMENA / 223

Calcium molybdate impurified by Eu3+ for gas sensing
Author: Angélica Gutiérrez Franco1

Co-authors: Rosendo L. Lozada Morales 2; Salvador Carmona Téllez 3

1 Benemérita Universidad Autónoma de Puebla
2 Facultad de Ciencias Físico Matemáticas BUAP
3 CONAHCyT

Corresponding Author: angelikagtzf@gmail.com

To detect changes or events produced by physical phenomena in our environment, it is necessary
to use sensors. The presence of some gases on high concentrations can be dangerous for the living
beings and its early detection is of vital importance. Nowadays there are several sensing devices,
among them those with luminescent properties represents an attractive option, because the interac-
tion of the sensing material with the analyte is perceptible by naked eye, this due to that the guest
molecules adsorbed by the material can change its color and/or its luminescent intensity.
On this work we synthetized calcium molybdate impurified by Eu3+ metallic ions by means of the
solvohydrothermal microwave assisted method. We show results of structural and optical proper-
ties obtained by XRD, FTIR and photoluminescence. In a future this material will be evaluated as
luminescent sensor.
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Cesium metavanadate (CsVO3) materials have recently received extensive attention due to their
out-standing luminescent properties.In this study, the synthesis of CsVO3 and CsVO3:Er3+ was con-
ducted using the solid-state reaction method.Through a thermal treatment at 400℃ for 5 hours,the
crystalline phase corresponding to PDF 00-70-0680 was obtained,achieving a phase purity ofapprox-
imately 94% CsVO3.
CsVO3 was doped with erbium ions (Er3+) at varying concentrations ranging from 0.1 mol% to 6
mol%,and the structural and luminescent properties of CsVO3:Er3+ were investigated.The incorpo-
ration of Er3+ ions induced microstrains within the crystalline structure, altering the position of
vanadium tetrahedra and consequently reducing the purity of the crystalline phase.
Excitation spectra of CsVO3:Er3+ were recorded from 200nm to 400nm, with emission monitored at
535nm.The obtained spectra revealed a peak at 355nm, corresponding to the 1A1→1T1 transition
associated with (VO4)3−.Additionally, the emission spectra of CsVO3:Er3+ excited at 365 nm exhib-
ited a broad band centered at 536nm,originating from the convolution of emission levels 3T1→1A1
and 3T2→1A1.Furthermore,sinks at 521nm (4I15/2→2H11/2) were observed in the emission spec-
tra,indicating radiative energy transfer from [VO4]3− to Er3+. Moreover,near-infrared emisión un-
der 980 nm excitation displayed a characteristic emission peak centered at 1534 nm, associated with
the 4I13/2→4I15/2 transition.
Up-conversion emission peaks characteristic of Er3+, attributed tothe levels Er3+:2H11/2,4S3/2,and
4F9/2→4I15/2,are observed in UC emission spectra under λex=980nm diode laser excitation.The in-
tensity of red emission is considerably higher than that of green.Integrated spectrum areas indicate
an intensity growth with Er3+ content,with the 6.0% sample being the most intense.From UC emis-
sion spectra,color coordinates were evaluated using the CIE1931 protocol,observing a yellow hue
with an average color purity of 98.7.
The optical properties of this material position it as an excellent candidate for enhancing the effi-
ciency of solar cells.
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The aim of this work is to obtain fluorescent white light from quantum dots processed from avocado
peel with different thermal treatments and mixtures.
The initial process consist in dehydrating the peel with sunlight for a week. After that, it is grounded
and separated into three groups to apply different heat treatments in two of them, being 100℃ and
200℃.
Three suspensions containing concentrations of 0.2 g were prepared for each powder with different
treatment and 30 ml of ethanol.
Finally, different mixtures were made between the suspensions with powder without heat treatment
and with 200℃ in different proportions, being 25% - 75%, 50% - 50%, 75% - 25%.
Ultraviolet-visible absorption spectroscopy (UV-vis) and fluorescence spectroscopy were performed
on all concentrations and mixtures. Two excitation sources were used for fluorescence spectroscopy,
a UV lamp at 370 nm and a UV laser at 405 nm. X-ray diffraction spectroscopy (XRD) and infrared
spectroscopy (IR) were performed on all powders obtained.
It was found that the flurescent color obtained closest to being white was the mixture of powder
without heat treatment and 200℃ at a proportion of 25% - 75%.
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In recent years, rare earth metals such as erbium have gained great importance in various techno-
logical applications. At the same time, borate glasses have emerged as another crucial material due
to their ability to form glass even at relatively low cooling rates and under pressure alone[1]. B2O3
glasses facilitate melting, reduce viscosity and surface tension, which improves the material’s work-
ability and performance during processing. To analyze these materials, infrared (IR) spectroscopy
[2] is used to identify the functional groups present in the sample. Subsequently, optical absorp-
tion spectroscopy reveals the main absorption bands, especially in the case of the Er3+ dopant ion,
where electronic transitions from the ground state 4I15/2 to excited states such as 4I13/2, 4I11/2,
4I9/2, 4F9/2, 4S3/2, 4H11/2, and 4F7/2 are expected. To better understand the interaction between
atoms and light in these systems, the Judd-Ofelt theory will be applied [4]. This theory allows the
calculation of parameters such as Ω2, Ω4, and Ω6, which provide information about the local sym-
metry around the dopant ion (Er3+), as well as properties such as the viscosity and rigidity of the
material. In addition, measurements such as the ratio of observed to predicted light emission (βexp,
βcal), the probability of light emission instead of other forms of energy (AR) and the light absorp-
tion efficiency (σp), among others, will be employed. For a more detailed analysis of the dynamics
of the systems, the theory developed by Inokuti and Hirayama will be used [3]. This will allow us to
determine the lifetimes of the excited states, as well as to understand the predominant electrostatic
interaction mechanisms, the critical interaction distance and the energy transfer efficiency between
neighboring atoms.
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In this work, a synthesis process was carried out to obtain fluorescent quantum dots from cucumber
peel in order to produce white visible light.
The production of quantum dots consisted in a dehydration process followed by a milling procedure
to obtain powders of the dehydrated peels. Subsequently, two thermal treatments were carried out
at 100 ℃ and 200 ℃ to equal quantity of powders. Afterwards, three suspensions were prepared by
pouring 0.2 g of powder into 30 ml of ethanol. The first solution was without thermal treatment, the
second contained the biomass treated at 100 ℃, and the third had the biomass treated at 200 ℃.
Alternatively, mixes were prepared between the suspension without thermal treatment and the sus-
pension treated at 200 ℃ in proportions of 25% - 75%, 50% - 50%, and 75% - 25%, with the aim of
exploring their optical properties in search of white emission.
The powders were characterized by X-ray diffraction (XRD) and infrared spectroscopy (IR), while the
optical properties of the suspensions were measured by ultraviolet-visible absorption spectroscopy
(UV-Vis) and fluorescence spectroscopy. For the latter, a UV lamp at 370 nm and a UV laser at 405
nm were used as excitation sources.
It was found that the closest white emission was generated by the obtained from the powder treated
at 200 ℃ when excited with the UV laser.

Keywords:

carbon quantum dots, fluorescence, biomaterials, visible ligth emmision, sustainable materials

Reference:

Kang, C., Huang, Y., Yang, H., Yan, X. F., & Chen, Z. P. (2020). A review of carbon dots produced from
biomass wastes. Nanomaterials, 10(11), 2316.

This work was supported by:

Universidad de Guadalajara

Author approval:

I confirm

Author will attend:

I confirm

LUMINESCENCE PHENOMENA / 275

Luminescent properties of Dy3+ doped Al2(WO4)3 for modular
white light applications
Author: Rosendo Lozada Morales1

Co-authors: Abraham Meza Rocha 2; Salvador Carmona Téllez 2; omar Soriano Romero 3

1 FCFM-BUAP
2 CONAHCYT-FCFM-BUAP
3 CIIEC-BUAP

Corresponding Author: rlozada@fcfm.buap.mx

The present work synthesized Al2(WO4)3 activated with Dy, using the solvent evaporation method-
ology. Deionized water was used as a solvent, AlCl3, DyCl3 and Na2WO4 as reagents; Then it was
subjected to heat treatment at 400ºC for 2 hours. The X-ray diffraction patterns present high inten-
sity peaks related to the orthorhombic phase of Al2(WO4)3, according to letter PDF-70-4478. With
a crystallite size of 29.0 nm calculated using the Scherrer equation. Raman spectroscopy indicates
that the main vibration modes are, located in, all related to the vibration modes of WO4 units. From
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the Kubelka-Munk approximation, a direct and indirect forbidden gap energy was estimated with
values of 4.61 and 3.38 eV, respectively. Excitation spectroscopy monitoring the emission at 575nm,
exhibits an excitation band at 255 nm related to the 1A1→1T1+1T2 level associated with the WO4
units. In addition, the characteristic excitation bands of the Dy ion located at 325, 352, 366, 387, 424,
453 and 473 nm. From the excitation spectrum, the wavelengths 255 and 350 nm were selected as ex-
citation lines to obtain the emission spectra. For the excitation wavelength of 255 nm, the emission
spectrum presented an emission band related to the 1A1→1T1+1T2 level of WO4 units at 395 nm.
Likewise, the characteristic emission bands of the Dy ion related to the levels can be seen. On the
other hand, under an excitation wavelength of 350 nm the emission related to the 3T1+3T2→1A1
level of WO4 units at 395 nm is overshadowed by the high intensity of the Dy ion emissions de-
scribed previously. Finally, from the emission spectra, the color coordinates are evaluated in the
CIE1931 protocol. It starts with a bluish white emission for the matrix, followed by emission tones
ranging from cold white, neutral white and concluding in yellow tones according to the increase in
the Dy content.
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Er-doped CdO-V2O5-ZnO-B2O3 inverted glasses were synthetized by the melt-quenching method,
using proportions of 80-5.0-2.5-12.5 mol% of CdO-V2O5-ZnO-B2O3, respectively, which were doped
with different mol% of Er. The structural analysis, carried out by X-Ray diffraction patterns record-
ing, showed an amorphous structure in all Er doping range. This fact was also verified by the line
shape of Raman spectra, which revealed vibrational modes associated with borate, Zn2V2O7 and
Cd2V2O7 in amorphous phases. By using optical absorption and the Tauc model, the direct optical
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band gap (E_g^d) values were found around 2.74 eV, without tendency with Er mol% concentrations.
The down-shifting emission spectra recorded under laser excitation at 980 nm exhibited the featured
near infrared Er emission band centered at 1534 nm, which grows up to 2 mol% and remained oscil-
late for larger Er doping contents. The upconverting (UC) emission spectra registered under laser
excitation of 980 nm, displayed the well-known green and red emission bands, related to relaxations
of 2H11/2, 4S3/2 and 4F9/2 excited states to the 4I15/2 ground state, respectively. Such process is
dominated by a linear decay mechanism, as revealed the dependence of the intensity versus the
excitation laser power. The Judd-Ofelt (JO) parameters obtained by least-square method from the
experimental and theoretical oscillator strengths, were found as Ω_2 = 6.43×10-20, Ω_4 = 0.96×10-20
and Ω_6 = 1.53×10-20 cm2 for the CVZB glass activated with 2.8 mol% of Er. Moreover, the emissions
arisen by transitions from 4I13/2, 4I11/2 ,4F9/2, 4S3/2, 2H11/2, 4F7/2 states to 4I15/2 ground state,
present radiative branching ratio (β_R) values higher than 0.6, and total radiative transfer probabili-
ties A_T (4I13/2→4I15/2) = 782.46 s-1 and A_T (4S3/2→4I15/2) = 10248.56 s-1. Finally, for the 1533
nm emission, the stimulated emission cross section had a value of σem(λ) = 1.57×10-20 cm^2, and
an effective bandwidth Δλem = 60.52 nm.
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Nowadays, vanadate-based materials have been a topic of studying due to their interesting struc-
tures and electronics, optics, and magnetic properties. In most cases, the structural characteristics
are convenient to be impurified with trivalent lanthanide and/or transition metals, which opens the
possibility of applications in deep-red LEDs, W-LED, among others [1]. Moreover, the vanadate in-
trinsic photoluminescence can serve to sensitize the lanthanide and transition metal emission, which
in some cases suffers from an inefficient direct excitation, related to [VO4]-3. Based on these facts,
the present work aims to study the photoluminescence properties of Sm3+-doped BiCa2VO6, which
has not been studied. The vanadates mixed with Bi3+ promote chains of cations highly polarized or
ions of mobile oxides [2-3]. Besides, it facilitates the incorporation of lanthanides by substitution
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of ions of Bi3+. The synthesis of the phosphors Bi1-x Ca2VO6: xSm3+ (x=0.0 to 0.1) was carried
out by the high-temperature solid-state method. The crystalline structure was analyzed from X-ray
diffraction patterns. The vibrational modes were studied by Raman spectroscopy, showing their prin-
cipal vibration modes [4-6]. The emission spectra, under 350 and 406 nm excitations, display four
characteristic bands to Sm3+: 4G5/2→6H5/2, 4G5/2→6H7/2, 4G5/2→6H9/2 and 4G5/2→6H11/2
transitions, which enhances intensity with the doping content.
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There is a growing interest in the search for inverted glasses [1], which exhibit a low density of high-
energy phonons. Due to the high energy phonons are the main source of non-radiative relaxations
of lanthanide ions embedded in glasses, inverted glasses might show superior photoluminescence
performance. Based on this issue, the present work aims to prepare and analyze the photolumines-
cence properties of inverted CdO-ZnO-V2O5-B2O3 glasses activated with Nd3+ ions. The glasses
were prepared by melt-quenching method at 1200 ℃ for one hour. The glass host composition was
80, 5.0, 2.5, and 12.5 mol% of CdO, V2O5, ZnO, and B2O3, whereas the Nd3+ doping content was
changed from 0.0 to 4.0 mol% regarding the host composition. The emission spectra under Nd3+ ex-
citation at 808 nm displayed the Nd3+ emission bands at 880, 1060, and 1332 nm, associated with the
4F3/2 → 4I9/2, 11/2, 13/2 transitions, respectively, being that at 1060 nm the most suitable for NIR
laser applications. The optimum emission was attained at 2.8 mol% of Nd3+. Beyond this concentra-
tion, the emission is quenched, as a consequence of cross-relaxation among Nd ions, dominated by
an electric dipole-dipole interaction. The Judd-Ofelt (JO) theory was applied to the optimum emit-
ting sample to evaluate laser parameters. The JO Ωi=2,4,6 parameters resulted to be Ω2 = 5.31×10-20,
Ω4 = 2.81×10-20 and Ω6 =3.34×10-20 cm2, which lead to stimulated cross-section peak (σp) values
of σp= 1.21×10-21 cm2(4F3/2 → 4I9/2) and σp= 3.50×10-20 cm2(4F3/2 → 4I11/2). The calculated
quantum yield was 0.49. The Bandwidth (σem×Δλem) and optical gain (σem×τR), calculated from
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the 4F3/2 → 4I11/2 emission cross-section peak, resulted to be 165×10-27 cm3 and 37×10-25 cm2s.
Such values were better than some reported in phosphate and borate-based glasses.
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The synthesis and characterization of calcium tungstate-based micro-nanophosphors will be pre-
sented. These materials were prepared using the spray pyrolysis technique. Based on Scanning Elec-
tron Microscopy measurements, both CaWO4 and CaWO4:Eu (III) exhibit a quasi-spherical shape.
CaWO4 displays blue luminescence originating from electron transitions within unperturbed WO4
complexes. In contrast, the luminescent properties of CaWO4:Eu (III) arise from the presence of
Eu(III) ions, which emit light at wavelengths of 591, 615, 655, and 702 nm. These emissions stem
from radiative transitions from the excited state 5D0 to 7Fj (j =1,4) inter-level transitions within the
electronic energy states of Eu (III) [1].

These phosphors undergo testing in three different scenarios to explore potential and innovative
applications. The first scenario involves blending them with a commercial 3D printing photocurable
resin (Sain Smart 101-90-840TS) and infusing the resin with their luminescent properties, resulting in
a 3D luminescent photocurable resin emitting red light. In the second scenario, the phosphors arein-
corporated into transparent glasses to create Phosphor in Glasses (PIGs), a concept currently under
investigation for laser applications [2]. Finally, the third scenario involves utilizing the phosphors
for the Visualization of Latent Fingerprint, leveraging the excellent powder luminescent character-
istics
of CaWO4, which has been previously employed for this purpose [3].
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The synthesis of hydroxyapatite and calcium phosphate of nanometric and micrometric sizes is car-
ried out respectively. Were doped with erbium and ytterbium,with the aim of creating a biomarker
who underwent chronic tests on Dania Magna. The synthesis and characterization of Ca5(PO4)3(OH)
(hydroxyapatite or HAp) enriched with Er (III) and Yb (III) ions was carried out. The synthesis of
calcium phosphate was carried out by means of the solvent evaporation technique using calcium
chloride and phosphorus pentoxide as reagents supplied by Sigma Aldrich.The synthesis of hydrox-
yapatite was done byhydrosolvothermal.The luminescent properties of HAp:Er (III)/Yb(III) are acti-
vated by means of a continuous 980 nm laser producing two types of emissions, Stokes and Anti-
Stokes.Stokes emissions occur in the near infrared area 1520 nm due to the interelectron transition
4I13/2 → 4I15/2. Anti-Stokes emissions also known as upconversion occur in two regions of the
visible area of   the electromagnetic spectrum, the first in the region from 515 to 565 nm due to the
transitions 2H11/2 → 4I15/2 and 2S3/2 → 4I15/2 of the Er (III) ions while the second region that
comprises from 640 to 680 nm corresponds to the 4F9/2 → 4I15/2 transition of the Er (III) ions. In
the present work a comparison of calcium phosphate and hydroxyapatite as well as their clothing
of erbium and Ytterbium, Europium and their reaction in Dafnia Magna is shown.

Keywords:

calcium phosphates,erbium, yterbium, daphnia Magna, europium

Reference:

Enhanced 1520 nm Photoluminescence from Er3+ Ions in Di-erbium-carbide Metallofullerenes (Er2C2)@C82
(Isomers I, II, and III), Yasuhiro Ito, Toshiya Okazaki, Shingo Okubo, Masahiro Akachi, Yutaka Ohno,
Takashi Mizutani, Tetsuya Nakamura, Ryo Kitaura, Toshiki Sugai, and Hisanori Shinohara

This work was supported by:

buap advanced materials group

Page 85



XVII-ICSMV / Book of Abstracts

Author approval:

I confirm

Author will attend:

I confirm

LUMINESCENCE PHENOMENA / 332

Discovering the potential of biomaterial-based mesoporous and
magneto-luminescent nanohybrid (Nd-dopedHydroxyapatite/Fe3O4)
for cancer theranosis
Authors: Gustavo Hirata1; Prakhar Sengar2

Co-authors: Ana Rodríguez Hernández 2; Kanchan Chauhan 2

1 Physicochemistry of Nanomaterials. Center of Nanoscience and Nanotechnology, Autonomous University of Mexico,
Km 107 Carretera Tijuana –Ensenada Apdo Postal 14, CP. 22800 Ensenada, BC. México.

2 Centro de Nanociencias y Nanotecnología, Universidad Nacional Autónoma de México Ensenada, Baja California,
México, C.P. 22860

Corresponding Authors: hirata@ens.cnyn.unam.mx, prakharsengar@ens.cnyn.unam.mx

Multimodality nanoplatforms play a crucial role in advancing medical interventions by integrating
multiple functionalities into a single system. However, issues like intricate production processes
and biocompatibility persist. Herein, a facile synthesis of a biomaterial-based mesoporous nanocar-
rier, HAp:Nd+SPIONs@mSiO2, loaded with the near-infrared (NIR) emitting dye indocyanine green
(ICG) is reported.HAp:Nd nanoparticles were synthesized via combustion methods. Thereafter, com-
mercial SPIONs and HAp:Nd were integrated within a mesoporous silica via a modified Stöber ap-
proach. HAp:Nd+SPIONs@mSiO2 nanoplatform was characterized for particle size, porosity, and
luminescence using TEM, BET, and luminescence spectroscopy. The synthesized nanoplatform was
further loaded with ICG dye and the loading efficiency was analyzed via UV-Vis spectroscopy. Pho-
tonic and magnetic thermal heating of the ICG-loaded nanoplatform was also analyzed along with
the photo-stimulated ROS generation ability. Finally, cytotoxicity and therapeutic analysis was per-
formed in vitro.The nanohybrid with ~100 nm average size, comprised of Nd-doped hydroxyapatite
(HAp), Fe3O4 superparamagnetic iron oxide nanoparticles (SPIONs), and mesoporous silica, exhibit-
ing magneto-luminescent properties. The mesoporous structure was loaded with ICG as a model
drug (4.3 μg/mg of nanoparticles) where a pH-dependent release was observed. The nanocarrier
demonstrated dual functionality by generating heat through magnetic and photonic stimulation, as
well as producing reactive oxygen species (ROS) upon excitation with 808 nm light. In vitro bioe-
valuation on aggressive triple-negative breast cancer cells (MDA-MB-231) showed the high biocom-
patibility of nanohybrid with and without ICG and exhibited significant toxicity after irradiation
of NIR light. Noticeably, the nanohybrids also exhibit the ability to monitor temperature changes
via Nd3+ associated NIR luminescence. The nanoplatform integrates clinically relevant components,
highlighting its potential for translation from the laboratory to clinical applications. The developed
nanohybrids, with combined NIR-mediated photothermal and photodynamic effects, magnetic pho-
tothermal capabilities, and NIR/MR imaging, offer promise in addressing cancer heterogeneity and
improving conventional treatments with reduced side effects.

Keywords:

luminescent materials, cancer theranostics, biomaterial, photodynamic therapy , magnetic hyperther-
mia

Reference:

Corresponding author’s email address: prakharsengar@ens.cnyn.unam.mx, hirata@ens.cnyn.unam.mx

P. Sengar, K. Chauhan, and G.A. Hirata, Progress on carbon dots and hydroxyapatite based biocompati-
ble luminescent nanomaterials for cancer theranostics, Transl Oncol 24 (2022) 101482. https://doi.org/10.1016/J.TRANON.2022.101482.

Page 86



XVII-ICSMV / Book of Abstracts

This work was supported by:

DGAPA-UNAM (Grant IN-113823 and IA-201124) and the Consejo Nacional de Ciencia y Tecnología
CONACyT-México (Grant CB-284548). Dr. Prakhar Sengar gratefully acknowledges CONACyT for the
postdoctoral fellowship.

Author approval:

I confirm

Author will attend:

I confirm

LUMINESCENCE PHENOMENA / 334

Eu3+ doped Al2(WO4)3 for red-emitting phosphors applications

Author: Piero Alessandro Pérez Ramos1

Co-authors: Omar Soriano Romero 2; Rosendo L. Lozada Morales 2; Salvador Carmona Tellez 2; Abraham Nehemías
Meza Rocha 2

1 Facultad de Ciencias Fisico Matemáticas
2 Facultad de Ciencias Fisico Matemáticas BUAP

Corresponding Author: piero.perez@alumno.buap.mx

Since the discovery of the red light-emitting diode (R-LED) by Nick Holonyak in 1962, LEDs have
become indispensable in many everyday applications, from lighting on display screens and smart-
phones, to laser diodes, even in specialized lighting in horticulture. In this direction, tungsten-based
compounds are very attractive due to their high thermal stability greater than 800 ℃ and their
high dopant solubility. Thus, in the present work reports the synthesis of Al2(WO4)3 doped Eu3+
through a double substitution reaction by solvothermal evaporation technique. The Structural char-
acterization by X-ray diffraction patterns presents well-defined high intensity peaks related to the
orthorhombic phase of Al2(WO4)3, according to chart PDF-70-4478, with a crystallite size of 29.0 nm
calculated using the Scherrer equation. The Raman spectroscopy confirms that the main vibrational
modes are located in 1052 cm-1 related at WO_4^(2-) units. The excitation spectrum monitoring
the emission at 613 nm (5D0 → 7F2) presents seven excitation bands, one related to O-2 → W6+
charge transfer and the other six to the characteristic excitation bands of Eu3+: 7F0 → 5D4, 5L7,
5L6, 5D3, 5D2, 5D1 and 5D0. On the other hand, the emission spectrum was measured under an
excitation wavelength of 394 nm (7F0 → 5L6). The emission spectra present five bands emission
related to Eu3+: 5D0 → 7F0, 7F1, 7F2, 7F3 and 7F4. The intensity between the different J levels relies
on the symmetry of the local environment of Eu3+ ion and is evaluated as described in the literature.
Finally, the color purity is evaluated through emission spectra in the CIE1931 protocol, obtaining
color purities above 97%. The correlation results indicate that the Eu3+-doped Al2(WO4)3 is suitable
for LED applications.

Keywords:

Luminescence, Phosphors, Europium, Tungstate, Aluminium

Reference:

https://doi.org/10.1016/j.jallcom.2018.08.302

This work was supported by:

Conahcyt

Page 87



XVII-ICSMV / Book of Abstracts

Author approval:

I confirm

Author will attend:

I confirm

LUMINESCENCE PHENOMENA / 271

LUMINESCENCEPROPERTIESOFCORDIERITERED-EMITTING
PHOSPHOR PREPARED BY COMBUSTION SYNTHESIS FOR AP-
PLICATIONS IN WHITE-LIGHT ILLUMINATION LEDS
Authors: Alexei Miridonov1; Gustavo Hirata2; Heriberto Márquez1

1 Department of Optics. Center for Scientific Research and Higher Education at Ensenada, Baja California. Carretera
Ensenada-Tijuana No.3918, Ensenada, B.C., C.P. 22860, México.

2 Physicochemistry of Nanomaterials. Center of Nanoscience and Nanotechnology, Autonomous University of Mexico,
Km 107 Carretera Tijuana –Ensenada Apdo Postal 14, CP. 22800 Ensenada, BC. México.

Corresponding Authors: hirata@ens.cnyn.unam.mx, amiridonovp@gmail.com, hmarquez@cicese.mx

There is a need to develop composite phosphors for white-emitting lamps based on blue LEDs that
can be efficiently activated and generate light with high color rendering index (CRI). In particu-
lar, there are only few red-emitting luminescent materials excited with blue photons for CRI im-
provement of the illumination devices. In this investigation, we report a two-stage energy-efficient
methodology to fabricate Eu-doped α-cordierite red-emitting phosphors. The first stage of the pro-
cess consists in the preparation of a spinel-phase (MgAl2O4) and SiO2 mixture by using low-temperature
combustion synthesis. Post-annealing treatment at 1350℃ for just 1 hour in a reducing atmosphere
is employed as the second stage to obtain α-Mg2Al4Si5O18:Eu2+. When blue light (465 nm) was
used as the excitation source the cordierite phosphor powders yielded a broad red emission peak
centered around 617 nm making this material a robust red-emitting phosphor and a potential candi-
date for integration with YAG:Ce to improve CRI in white-emitting LED lamps. On the other hand,
the photoluminescence spectrum of α-Mg2Al4Si5O18:Eu2+ displayed a broad blue emission band
peaking at 465-488 nm under UV (365 nm) excitation.
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Nanographite (NG), a nanoscale allotrope of carbon with sizes below 10 nanometers, has emerged
as a fascinating material due to its unique properties in the optical and electronic fields. These
nanostructures exhibit a series of intriguing characteristics that make them highly desirable for a
variety of applications, ranging from advanced electronic devices to sensors and catalysts.

However, despite the growing interest in nanographite, there are still poorly understood areas, espe-
cially regarding its optical properties. Infrared shifts are a phenomenon that occurs in these nanopar-
ticles and result from the quantum confinement effect, which occurs when the dimensions of the
material are on the order of the wavelength of the incident light. Additionally, the structure and
composition of nanographite play a crucial role in its optical properties. The presence of surface
defects, as well as the interaction between electrons and lattice vibrations, can contribute to this
phenomenon.

To address these uncertainties and advance our understanding of nanographite, various characteriza-
tion techniques have been used, such as excitation photoluminescence spectroscopy (PLE), UV-Vis,
Raman, infrared, and XPS.
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This project focuses on the study of europium due to its luminescent properties and various techno-
logical applications. The general issue with lanthanides is their low energy absorption,attributed to
deficiencies in the �−� transition bands. Europium, dissipates energy through vibrations, which is
not conducive to radiative processes. A solution is to add functional group bonds that generate an
antenna effect, allowing the europium ion to capture energy and emit it as light.
The objective is to synthesize mononuclear complexes from Eu(III), create a precursor complex, add
sensitizers, and evaluate the luminescent properties of three new mononuclear Eu(III) complexes
using three variants of biphenyl carboxylic acid. Water is unfavorable for luminescent processes,
biphenyl carboxylic acid was added, removing water molecules from the compound and resulting
in a solvent-free complex, enabling luminescent processes. The resulting products are the com-
pounds:EuAB3-2N-Carboxylic, EuAB3-3N-Carboxylic, and EuAB3-4N-Carboxylic.
The luminescent properties of each compound were analyzed, with sensitization at wavelengths dif-
ferent from those of Eu3+ (393 nm and 464 nm). Emissions were generated from the 5D0 → 7F1
electronic transition producing photons at 590 nm and the 5D0 → 7F2 transition producing photons
at 616 nm. The luminescence lifetimes were studied, identifying each compound as fluorescent due
to their short emission times, emiting in the microsecond range. The color purity of each compound
was simulated, and structural characterization was performed using XRD, demonstrating the de-
velopment of unprecedented luminescent materials through new synthesis routes. The addition of
the three biphenyl carboxylic acid variations optimized the molecules, providing new excitation and
emission properties. Emission intensity varied with the non-centrosymmetry of the Eu3+,generating
radiative processes by avoiding molecular resonance.
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This work studied the structural and luminescent properties of CsVO3 crystals synthetised by the
Solid State Reaction, and the effect of the silica coated of the cesium metavanadate (CsVO3/SiO2)
on the properties described above. The Solid State Reaction is a versatile and eco-friendly technique
potentially applicable in the industry. The X-Ray Diffraction patterns shows that the crystalline
structure is the characteristic of the CsVO3 for the crystals with and without silica coated. The
excitation spectra of CsVO3 and CsVO3/SiO2 (from 200 nm to 400 nm) show that the band has the
maximum at 323 nm, this absorption band corresponding to 1A1 → 1T2 transition associated to
[VO4]3-. While the emission spectra from 400 nm to 800 nm, show that the band has the maximum
at 535 nm, the band emission in the PL spectra is made up of 3T1 → 1A1 (548 nm) and 3T2 → 1A1
(486 nm) transitions.
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Recently, borate glasses have been widely investigated due to their unique qualities such as high
optical transmission, low refractive index, and high thermal expansion coefficient [1]. Due to these
characteristics, such glasses are suitable for being doped with trivalent lanthanides to explore poten-
tial laser applications. For this purpose, Nd3+, characterized for possessing near infrared emissions
at 0.88, 1.06 and 1.34 µm, is a suitable ion to be embedded in a borate glass. Various theoretical and
experimental studies show that it is possible to generate a 1.06 µm laser [1-3]. This work is devoted to
study the spectroscopic and structural properties of a novel 10Al2O3-70Na2O-20B2O3 invert glass,
activated with different contents of Nd3+. XRD patterns confirm the vitreous nature of the samples
in all doping range. FTIR spectroscopy reveals that the main vibrational groups correspond to bo-
rate tetrahedra (BO4) and trihedra (BO3). The absorption coefficient spectra present bands related
to Nd3+: 4I9/2 → 2P1/2, 2D3/2 + 2G9/2 + 4G11/2, 4G5/2 + 2G7/2, 2H11/2, 4F9/2, 4F7/2 + 4S3/2,
4F5/2 + 2H9/2 and 4F3/2 transitions. Within the framework of Judd-Ofelt theory, the experimental
(fexp) and calculated (fcal) oscillator strengths are calculated, as well as the intensity parameters
Ω2, Ω4, and Ω6, associated with the asymmetry, viscosity, and rigidity of the glass. Additionally,
radiative parameters such as calculated (βcal) and experimental (βexp) branching ratios, radiative
emission probability (AT), cross-section (σp), among other, are calculated to validate the potential
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usefulness in 1.06 μm laser applications. The emission spectra, measured under 808 nm excitation,
present three bands corresponding to the transitions 4F3/2 → 4I9/2, 4I11/2, and 4I13/2, being the
4F3/2 → 4I9/2 (1.06 μm) one the most dominant. Finally, the lifetime profiles are analyzed by us-
ing the Inokuti-Hirayama model, showing that the main interaction mechanism corresponds to a
dipole-dipole interaction within the Nd3+-Nd3+ clusters.
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This work studied the structural and luminescent properties of CsVO3 crystals synthetised by the
State Solid Reaction doped with Nd3+ ion (0.5, 1, 1.5, 3, 4.5 and 6 mol%). The State Solid Reaction is
a versatile and eco-friendly technique potentially applicable in the industry. The X-Ray Diffraction
patterns shows that the crystalline structure is the characteristic of the CsVO3, the incorporation of
the Nd3+ ion causes the structure to be modified. The excitation spectra of CsVO3:Nd3+ (from 200
nm to 400 nm) show that the band has the maximum at 323 nm, this absorption band corresponding
to 1A1 → 1T2 transition associated to [VO4]3-. While the emission spectra from 400 nm to 800 nm,
show that the band has the maximum at 535 nm, the band emission in the PL spectra is made up of
3T1 → 1A1 (548 nm) and 3T2 → 1A1 (486 nm) transitions. The Near-Infra Red (NIR) emission of
CsVO3:Nd3+ was obtained excited at 808 nm with a pumping power around 370 mW, the maximum
in the emission band at 1063 nm corresponding to4F3/2 → 4I11/2 transition of the Nd3+. Near-
infrared photoluminescence is useful for applications in optoelectronics and photovoltaics and for
such purposes CsVO3:Nd3+ is very promising.
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The importance of water treatment cannot be ignored, especially now that the distribution and avail-
ability of this resource have been negatively affected, and it is essential for our survival. Photocatal-
ysis is a technique used to degrade the organic pollutants present in industrial water. Titanium
dioxide (TiO2) is extensively utilized as a photocatalyst due to its chemical stability, easy production
and benign impact on human health and the environment further enhance its appeal as a photo-
catalytic agent. However, the adsorption of organic pollutants is poor, due to its low ability to
harvest sunlight. Enhancing photocatalytic performance can be achieved by doping with europium.
The TiO2:Eu3+ with 7.5% and TiO2 nanofibers were fabricated by electrospinning technique. Both
nanofibers were calcined at 600℃ in an air atmosphere. The nanofibers were characterized by SEM,
EDS, XRD, and DRS. SEM images demonstrated that the nanofibers look like network randomly
oriented, with some areas with high material density and some empty spaces. From EDS spectra,
we confirm the presence of europium in the doped nanofibers. The TiO2 and TiO2:Eu3+ shown the
anatase phase. The bandgap was similar in both samples. The photocatalytic test was performed
in the degradation of Rhodamine B (RhB) solution at 2.5 ppm and acetaminophen (AMF) at 7 ppm.
With a pollutant-photocatalyst ratio of 1mL:1mg. After 6 hours of reaction, 25% of the AMF was
degraded with TiO2, but with TiO2:Eu3+ 60% of the AMF had already been degraded. For RhB, in
the same 6-hour time, with TiO2 80% of the dye had already degraded, and with TiO2:Eu3+ 90%
of the RDB had already degraded. It can be conclude that the presence of europium enhances the
photocatalytic response.
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Microfluidic platforms have become essential in manipulation substance due to their significant ad-
vantages. These platforms allow precise fluid control, minimize sample contamination risks, and
reduce volumes. Applications of microfluidics include various areas such as water parameter mon-
itoring, controlled cellular microenvironments, and polydispersion index measurement. Thanks to
advances in microfabrication techniques, protocols such as soft lithography1, laser ablation, micro-
milling and thermoforming have been proposed. However, those requires sophisticated installations
and expensive materials. Additionally, if one seeks to acquire a microfluidic chip, its geometry, ma-
terials and consequently its application, is defined by the company that manufactured it, limiting
its utility, and thereby increasing the cost of research. Therefore, it is necessary to design simple,
reproducible, large-scale fabrication protocols that can be implemented in any laboratory. In this
study, we present a low-cost experimental methodology, which involves (1) designing various mi-
crofluidic channel geometries using CAD software, followed by (2) printing a resin master mold with
the desired geometry using 3D printer. (3) The resin mold is replicated using the properties of the
biocompatible polymer polydimethylsiloxane, and (4) subsequently permanently bonded to a glass
substrate through a combination of corona plasma treatment and temperature techniques. With this
strategy, it is possible to design different geometries and replicate them effectively up to 20 times,
having a minimum resolution of 100 µm. To examine the behavior of laminar fluids, water solutions
are combined with vegetable dye and mixed within the microchannels. The results showed that the
microfluidic chips work at pressures ranging from 0.5 kPa to 103.4 kPa with flow rates from 913.2
µL/min to 6734.4 µL/min respectively, without any leakage. With this work, researchers, new or not
in the field of microfabrication will be able to leverage the advantages of microfluidics across various
scientific domains.
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Molybdenum trioxide (MoO3) has been widely investigated for applications in semiconductor de-
vices due to its structural, morphological and optical properties. In this regard, different techniques
have been reported to obtain MoO3, but these involve a thermal processing above 200℃ or high
vacuum conditions (< 4mPa) and a long synthesis time. Currently, the challenges consist in the
design of synthesis processes without using toxic chemicals, reducing the reaction time and the re-
quired synthesis energy. In this sense, the microwave-assisted synthesis method provides a simple
and highly controlled methodology for the nanomaterials formation with a uniform distribution of
particle size. In this work, MoO3 was synthesized from a dilution of metallic molybdenum powder
in ethanol and hydrogen peroxide, and assisted by microwaves (MW) during 5 min. Subsequently, a
thermal annealing at 600℃ with a 10℃/min rate was carried out. The phase confirmation and crystal
structure, the vibrational behavior of chemical bonds, its morphology, the energy bandgap, and the
oxidation states were determined by XRD, FT-IR, SEM, UV-Vis spectroscopy, and XPS spectroscopy
characterization techniques, respectively. Through the liquid-phase synthesis process assisted by
MW and the calcination temperature, a nanobelts morphology with a stable orthorhombic α-phase
was obtained. Furthermore, the presence of vibrational modes of molybdenum-oxygen bonds in the
wavenumber range of 500 to 1000 cm−1 were determined. Finally, an energy bandgap of 3eV was
extracted from a Tauc plot and only the characteristic oxidation states of Mo6+3d5/2 and Mo6+3d3/2
were determined from XPS spectrum. The results presented here provide the evidence of a sustain-
able synthesis process of functional MoO3 for the potential development of applications through 2D
materials.
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Zinc oxide (ZnO) as thin film is a versatile semiconductor material, which is very applicable for de-
vices as sensors, transistors, and solar cells. In this work, ZnO thin films as n-type semiconductor
with a wurtzite structure were prepared by Successive Ionic Layer Adsorption and Reaction (SILAR),
which is a solution process that allows control characteristics as grain size, bandgap energy, and
electrical resistance by adjusting parameters as molar concentrations, pH, times, and temperatures
during the deposition. The SILAR deposition is by following four sequential steps: first, a glass sub-
strate is immersed in a cation precursor of zinc chloride complexed with ammonia, a second step is
rinsing the substrate in deionized water, a third step is rinsing the same substrate in hot deionized
water at 90℃ as anionic precursor, and a fourth step is newly rinsing the substrate in other deionized
water to complete a cycle of the ZnO thin film formation. The thin films were prepared at 50 and 100
cycles of deposition. Then, the thin films were characterized by X-ray diffraction (XRD), Ultraviolet-
Visible spectroscopy (UV-Vis), Scanning Electron Microscopy (SEM), and current-voltage (I-V) mea-
surements to study the structural, optical, morphological, and electrical characteristics. The top
surface of the ZnO thin films was patterned by an interdigital arrangement through a lithographic
process to sense the electrical resistance by passing different carbon monoxide gas concentrations
in ppm, and it is to evaluate the lowest possible gas sensing condition.
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A gas sensor was fabricated using a sensitive MoO3 film with the Si-SiO2/Cr-Au/MoO3 structure and
CO (carbon monoxide) as the analyte gas. The manufacturing process involved cleaning the Si-SiO2
substrate, followed by Cr and Au deposition (75 nm) using electron beam metal evaporation. Elec-
trodes were designed using fractal geometry, specifically employing a 4th-order Hilbert curve. This
curve served as the basis for tracing the two electrodes without them coming into contact. Interdigi-
tated electrodes were also fabricated to compare their behavior with the fractal geometry electrodes.
The purpose of using fractal geometry is to increase the contact area between the electrodes and
the sensitive film, thereby enhancing the sensitivity of the device. Electrodes was defined through
photolithography, and the lift-off photolithography technique was employed to define the active
area. Subsequently, a MoO3 film (120 nm) was deposited by sputtering with a reactive O2 atmo-
sphere. Characterizations of the MoO3 films were conducted using XPS to confirm the formation
of MoO3, XRD was used to identify the phase of the material, UV-Vis spectroscopy and the Tauc
method were utilized to calculate the band gap of 2.84 eV. SEM images of the MoO3 film surface
revealed a uniform surface, and the four-point probe test showed a resistivity of 8.93 x 103 Ωcm.
Finally, the device was evaluated with IV curves to calculate its resistance, and a dynamic CO sens-
ing test resulted in a sensitivity of 25% for 500 ppm of CO. The sensitivity was calculated using a
dynamic sensing test, and the device with interdigitated electrodes was compared to the device with
fractal geometry electrodes.
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Amorphous oxide semiconductors (AOS) used as channel in Thin Film Transistors (TFTs) have ex-
tended their applications not only as switching devices in display technologies, but also as main
elements in logic circuits such as inverters, logic gates, etc. In addition, materials such as amor-
phous Indium-Gallium-Zinc-Oxide (a-IGZO) due to their optical transparency and low deposition
temperatures are used in low-cost flexible electronics, which gives the possibility of a-IGZO TFTs
in portable electronics for healthcare sensing. The electrical performance of amorphous and micro-
crystalline transistors made of organic, inorganic and metal oxides materials is determined by the
density of states (DOS) in the bandgap of the semiconductor material. In materials such as a-IGZO
the DOS is composed of two exponentials describing the tails of acceptor/donor states and two Gaus-
sians representing the deep acceptor/donor states. In this work, simulations were carried out on the
density of the deep donor states related to the oxygen vacancies in the a-IGZO and how those affects
the output and transfer graphs of the a-IGZO transistors.
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Bottom gate top contact flexible thin-film transistors (TFT) were fabricated with In-Ga-Zn-O (IGZO)
and hafnium oxide (HfO2) as semiconducting and gate dielectric films. The transistors have a thresh-
old voltage of 0.5 V, a field effect mobility of 40 cm2/V-s, a subthreshold slope of 170 mV/dec, and
an Ion/Ioff ratio of 4x107. This TFT technology has a minimum channel length and width of 5um.
Four different inverter topologies were designed, fabricated and tested: 1) resistive load, 2) diode
load, 3) depletion load, and 4) pseudo-E. Each inverter was electrically characterized with the volt-
age transfer characteristics (VTC) at different supply voltages (VDD). From the VTC, the following
parameters were extracted: the gain, high and low noise margins, the output voltage high and low
levels, and the input voltage high and low levels. The gain turned out to be around 4, 4, 40 and 3 for
the 1), 2), 3) and 4) inverter topologies, respectively. The ac response was also evaluated for each
topology in a frequency range from 10Hz to 10kHz. The results of the different inverter topologies
are of interest for further development of a digital standard cell library.
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Thin film transistors (TFTs) based on oxide semiconductors have been of continued interest due to
their promising potential in the future of wearable, transparent and flexible electronics. Current ap-
plications have been carried out with unipolar nMOS TFT circuits, based on materials such as IGZO,
this has achieved interest in the study of p-type oxide semiconductors, to achieve the characteristics
of complementary logic circuits. This work presents the complementary inverter fabricated with
TFTs of IGZO and SnO oxide semiconductors to obtain transistors with n and p type conductivity,
respectively. The deposit method for both semiconductor layers is by radio frequency sputtering at
room temperature and then thermal annealing at 150 oC and 250 oC for n and p type, respectively.
IGZO TFTs show an electron mobility of 10 cm2/Vs, a threshold voltage of around 2 V, a subthreshold
slope of 210 mV/decade. SnO TFTs have a hole mobility close to 1 cm2Vs, threshold voltage of 0.5
V. The characteristics of the semiconductor layer depend on the deposition methods used, the use
of low fabricating temperatures makes it compatible with low-cost processes and the use of high k
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dielectrics helps to reduce the operating voltage of the devices. Preliminary results demonstrate com-
plementary inverters with a voltage gain of 2 for 5 V supply and a low static power consumption of
0.4 uW. The development of materials and devices p-type oxide semiconductor continues with lower
performance than of n-type oxide semiconductor, which restricts the development of circuits and
logic complementary for now. These results show good application prospects for electronics based
on TFTs.
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For the last years, Thin Film Transistors (TFTs) based on dichalcogenides materials have raised spe-
cial interest since these materials are expected to be immune to Short Channel Effects (SCEs). Cur-
rently, 2D MoS2 is the most studied semiconductor material due to it possess peculiar characteristics
which make it one of the best alternatives to be part of the next generation of electronics. In this work
it is presented the electrical characterization by capacitance-voltage (CV) and by current-voltage (IV)
measurements of Metal-Insulator-Semiconductor structures (MIS) and Metal-Semiconductor struc-
tures (MS), using Mo as the contact and gate metal, HfO2 as dielectric and MoS2 as semiconductor
layer. The three layers are deposited at room temperature by RF magnetron sputtering, from Mo,
HfO2 and MoS2 targets. The effect of a thermal annealing on the resistivity of the semiconductor
layer is studied and an improvement was found to be in more than two orders after the annealing at
300 ℃. The deposited MoS2 layer presented P-type conductivity in CV measurements of MIS capaci-
tors (Mo/HfO2/MoS2/Mo), which seems to be related to plasma etching used during the fabrication
processes. The calculated resistivity of the MoS2 layer is in the order of 4.6x104 Ω-cm, by the four-
probe method, the resistivity of the metal layer was calculated to be around 4x10-2 Ω-cm and the
contact resistance in the MS interface is around 3x109 Ω. IV measurements from a MIM structure
revealed a good quality dielectric layer. The CV characteristics revealed bias stability, an operating
range of -1 to 1.5 V and a VFB of 0.5 V, results that indicate that 2D TFTs can be obtained by using
this structure.
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TiOx thin films are of great importance in recent decades, in all fields of science, including in electron-
ics (2). Herein, TiO2 thin films were deposited in a multi-chamber Riber LDM-32 ultra-high vacuum
system utilizing Reactive Pulsed Laser Deposition of a 99.993% purity Ti target. Ultra-high purity
O2 was used, which was introduced into the deposition chamber through a mass flow controller
(purchased from Aalborg). A 1064 nm wavelength Nd:YAG pulsed laser system (Continuum Surelite
SLI-10) was used as the laser beam source. The laser beam was focused with an 8 cm focal distance
lens positioned close to the deposition chamber’s Quartz viewport. The laser beam incidence angle
was 45° to the target surface.
A series of TiOx thin films was deposited by varying an O2 flow into the deposition chamber. Im-
mediately after depositing, samples were moved to the analysis chamber(background pressure of
5×10-10 Torr), where in situ XPS measurements were performed between the first 10 minutes after
deposited. Electrical parameters were investigated the same day of the deposition, revealing conduc-
tive, insulating and ambipolar properties of the films. Surface morphology and thickness estimation
was obtained by Atomic Force Microscopy (AFM) in an XEI-70 Park system. Cathodoluminescence
measurements was performed on selected samples. Spectrum’s from 200 nm to 800 nm with 1 nm
step resolution was recorded.
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Flexible thin-film transistors have garnered great interest because their potential applications in
wearable electronics, bendable displays, and Internet of Things (IoT) devices. However, achieving
high-performance flexible transistors depends on the development of dielectric layers that are flexi-
ble, of high quality, and capable of being processed at low temperatures while maintaining excellent
electrical and mechanical properties. In this study, we investigate an organic-inorganic hybrid di-
electric film created by blending HfO2 with the copolymer PVP/PMMA. The organic phase aims
to enhance flexibility, substrate adhesion, and processability, while the organic one enhances the
dielectric properties. The hybrid films were synthesized on a flexible PEN substrate using a straight-
forward spin-coating method at a low temperature of 200℃. We further examine the impact of the
hybrid layer as dielectric gate on the electrical performance of In2O3-based TFT flexible devices.
The flexible TFTs exhibited mobilities of around 10-2 cm²/Vs with minimal changes under mechani-
cal stress at a bending radius of 75 mm. Notably, the devices demonstrated excellent stability with a
saturation mobility of 5 × 10-2 cm²/Vs, a threshold voltage of 1 V, a subthreshold swing of 1.1 V/dec,
and an Ion/Ioff ratio of 10³. In conclusion, the solution-derived HfO2-PVP/PMMA hybrid layers
represents a promising alternative for gate dielectrics in flexible TFTs, suitable for applications in
wearable sensors, biosensors, and other flexible devices.
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A novel application of p-n junctions is the selective detection of different gases with the same device
only by changing the external bias voltage. Nickel oxide and zinc oxide are two stable semiconduc-
tors tested as gas detector materials independently; it is possible to obtain p-n heterojuctions with
both, which can selectively detect between methane and hydrogen. To obtain thin semiconductor
films, we have chosen the reactive pulsed laser deposition method because it is a technique that al-
lows the thin films to be synthesized at room temperature and modulate their physical properties by
modifying their stoichiometry. In this work, diodes have been manufactured using photolithogra-
phy. NiOx and ZnOx thin films were grown by RPLD at room temperature under oxygen pressures
of 25 mTorr and five mTorr, respectively. The chemical composition of the thin films was obtained
through X-ray photoelectron spectroscopy. Additionally, the electrical resistivity of the semicon-
ductors was measured by the Van der Pauw technique. An estimate of the band gap was calculated
from transmittance measurements using UV-vis spectroscopy and the Tauc method. Grazing X-ray
diffraction measurements have been carried out to identify whether the thin films obtained have
crystallinity. Finally, the diodes manufactured in this study were electrically characterized employ-
ing I-V measurements. The results of the chemical analysis showed a stoichiometry of NiO1.4 and
ZnO0.94. The electrical resistivity was 4.88 Ω cm for nickel oxide and 0.036 Ω cm for zinc oxide.
Their respective energy band gaps were 3.25 eV and 3.20 eV. Both semiconductors were polycrys-
talline with FCC and HCP crystalline structures for NiOx and ZnOx, respectively. The electrical
evaluation of the diodes showed that a rectifying behavior was obtained. This result is promising
for the implementation of this heterojunction for selective gas detection.
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Thin Film Transistors (TFTs) based on amorphous oxide semiconductors (AOS) like amorphous
Indium-Gallium-Zinc-Oxide (a-IGZO) have extended their applications to portable electronics for
healthcare sensing. This work focuses on the design, simulation and fabrication of operational am-
plifiers (OPAMPs) a-IGZO TFTs. The OPAMP is based on n-type TFTs, which were designed using
a 5 um manufacturing process. Furthermore, the different materials that comprise the IGZO TFTs
were deposited with techniques of up to 150° C, allowing their integration into low-cost flexible sub-
strates. Preliminary simulations were performed to optimize the design of the OPAMPs, followed by
experimental fabrication and characterization. The devices were evaluated in terms of voltage gain
and bandwidth. The results showed that OPAMPs based on IGZO TFTs achieved a voltage gain and
a bandwidth similar to reported in the literature.

Reference:

Cheng J. R., et al., “A 50 dB high gain operational amplifier integrated with metal oxide TFTs”, Semicond.
Sci. Technol., 2022.

Keywords:

amorphous Oxide, a-IGZO, TFTs, OPAMPs

This work was supported by:

This work was supported by: SIP-IPN under grant 20230982 and 20231952. Arturo Torres-Sanchez would
like to thank the program “Estancias Posdoctorales Académicas”by CONAHCYT, México.

Author approval:

I confirm

Author will attend:

I confirm

MICROELECTRONICS AND MEMS / 317

STUDYOF IGZO-BASEDRESISTORS AS SENSINGDEVICES
Author: Isai S Hernandez-Luna1

Co-authors: Arturo Torres-Sanchez 1; Francisco Hernandez-Cuevas 1; Norberto Hernandez-Como 1

1 Centro de Nanociencias y Micro y Nanotecnologias, Instituto Politecnico Nacional

Corresponding Author: ishernandezl@ipn.mx

The use of indium gallium zinc oxide (IGZO) as an active layer material in TFTs continues to be
studied and used in electrical devices due to its good uniformity in large areas, obtaining at low tem-
peratures, high mobility, and good compatibility with transparent and flexible substrates. In addition
to being used mainly as a controller in thin displays and in the design of integrated circuits, IGZO
has been demonstrated as sensing material and be easily integrated into circuit systems with TFT
technology. In this work, the study of resistors based on IGZO for sensing temperature and environ-
mental agents was carried out. The IGZO layer was deposited by sputtering at room temperature
and then thermal annealing were carried out. To isolate the active layer, the IGZO was protected
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with PMMA. Au or Mo is used as contact material with the IGZO, where interdigitated electrodes
of different lengths and separations are included. The resistors were electrically characterized and
subjected to temperature changes. Studies continue to obtain sensors with good sensitivity, good
stability, low response time, developed with a simple fabrication process.
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Over the past few years, the scientific community has focused on nanoscale materials due to their di-
verse physical and chemical properties, which have presented remarkable improvements compared
to bulk materials. Thus, the characteristics that considerably influence these properties are the par-
ticle size and the morphology. Regarding this last case, the nanoparticles preparation has developed
different morphologies, such as spheres, rods, or plates. In recent years, one material that has of-
fered this advantages diversity at nanoscale is the nickel hydroxide (Ni(OH)2), which has enhanced
the development of applications, including batteries, supercapacitors, and catalysts. One important
factor in size control of particle and morphology is the pH level; however, it has not been exam-
ined in detail its influence on obtaining Ni(OH)2. In this study, the Ni(OH)2 was hydrothermally
synthetized, where the reaction time and temperature were maintained constant, while the solution
pH was fine-tuned in a wide values range between 7 and 12. After a drying process at 100℃ for 24
h, the obtained powders were characterized by Fourier Transform Infrared spectroscopy, where the
vibration modes of Ni(OH)2 were determined. X-ray diffraction patterns agreed with the brucite-
like hexagonal structure of β-Ni(OH)2. By Scanning Electron Microscopy, hexagonal nanosheets
(side=204nm) were observed for the lower pH values, while high pH synthesis resulted in a spheres
(diameter=91nm) morphology. The versatility on shapes and dimensions of the obtained Ni(OH)2
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particles, only by the fine-tuning of solution pH in the hydrothermal synthesis, promotes its use in
several applications.
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Today students with a variety of academic backgrounds are pursuing a graduate degree in different
areas on Materials Sciences. The wide spectrum of undergraduate training ranges from biology,
chemistry, physics, and engineering with several specialties. Some of these students are not familiar
with modern concepts in Quantum Mechanics, Statistical Mechanics; Thermodynamics, and Physisc
and Chemistry of Solids. Some of them are not even proficient in Mathematics. In some cases
students need to deepen or refresh their knowledge with a new perspective. We are proposing a
curse with curricula that includes: I. Basic concepts in quantum mechanics, chemistry and solid state
physics, statistical mechanics and thermodynamics. The necessary mathematical background will be
addressed, in detail, particularly differential equations. II. Types of chemical bonding.in condensed
matter: origin and mechanisms. III. Oxides: types and applications. IV. Semiconductors: carriers,
conductivity, density of states, and applications. V. magnetic moments ordering (this gives different
types of magnetism: ferro, dia, para, frerri, antiferro, superpara and heli), interchange mechanisms,
and applications. This last topic is usually the last to be covered, and in most cases, it is not covered in
depth. The course may be covered in one semester or two four month period curses and will provide
a fundamental and comprehensive background for all students involved in any field of condensed
mater sciences and it must be a compulsory second year course.

1. “Solid State Chemistry and Its Applications”, Anthony R. West, Ed. Wiley 2007.
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5. “Introducción a la Termodinámica Clásica, L. García Colín, Ed. Trillas, 2008.

Keywords:

Reference:

This work was supported by:

Author approval:

I confirm

Author will attend:

I confirm

MULTIFUNCTIONAL AND MAGNETIC MATERIALS / 386

Nickel concentration effect onCurie temperature in FeCoNimulti-
principal element alloys
Author: Jose Trinidad Elizalde Galindo1

Co-authors: Israel Flores Urquizo 2; José A. Matutes Aquino 3; Renee Joselin Saénz Hernández 4

1 Universidad Autonoma de Ciudad Juarez
2 Instituto de Ingeniería y Tecnología, Universidad Autónoma de Ciudad Juárez, Ciudad Juárez, Chihuahua
3 Departamento de Física de Materiales, Centro de Investigación en Materiales Avanzados, S.C., Chihuahua, Chih.
4 Centro de Investigación en Materiales Avanzados, S.C.

Corresponding Author: jose.elizalde@uacj.mx

Four new alloys were synthesized using an electric arc melting furnace with the following atomic
ratios between Fe:Co:Ni = 25:25:50, 20:20:60, 15:15:70, 10:10:80. The samples were characterized using
X-ray diffraction, and thermogravimetric assay. The thermodynamic calculations for low entropy
multi-principal elements alloys suggest the formation of a single-phase FCC solid solution in the
samples. The XRD pattern confirm that the samples exhibit a pure FCC structure, the red parameter
‘a’and cell volume reduced as the nickel concentration increased, also, the Curie temperature has the
tendency to reduce as nickel increase from the mass percentage of 50 % to 80 %. Finally, the Curie
temperature reduction can be attributed to the Ni content increment due to its lowest magnetic
exchange interaction strength among iron and cobalt, driving the alloy to a lower magnetic order
strength under temperature changes.
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Water contamination by pharmaceuticals, even at low concentrations, is a growing environmental
problem affecting aquatic organisms and humans. The photodegradation of organic contaminants
is a key solution, and wide bandgap semiconductors, such as CeO2, are prominent photocatalysts
in this process. Recently, semiconductor composites made of metal oxides with heterojunctions
have been developed, which improve the recombination of electrons and holes and generate rad-
icals capable of decomposing organic compounds into water and carbon dioxide. Ferrites, due to
their magnetic properties, are promising among low bandgap nanomaterials as they facilitate the
recovery of the photocatalyst [1]. This research evaluated the effect of the synthesis method on
the morphological and photocatalytic properties of the NiFe2O4@CeO2 compound in the degra-
dation reactions of two emerging contaminants: ibuprofen and oxytetracycline. Samples prepared
by solid-state and sol-gel methods were compared. The structural, morphological, and optical prop-
erties were characterized using X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
scanning electron microscopy (SEM), transmission electron microscopy (TEM), thermogravimet-
ric analysis (TGA), Fourier-transform infrared spectroscopy (FTIR), ultraviolet-visible spectroscopy
(UV-Vis), and Raman spectroscopy.The active species generated during the degradation of ibupro-
fen and naproxen were studied using UV-Vis spectroscopy and liquid chromatography (HPLC), and
the transformation products were identified using gas chromatography-mass spectrometry (GC/MS).
Both synthesis methods showed good photocatalytic activity, but the solid-state method was more
effective in degrading the pharmaceuticals. The kinetic model indicated that, under visible light, 90%
of the pharmaceuticals degrade within 60 minutes with the photocatalyst, compared to 65% without
CeO2. Additionally, the material could be recycled at least five times using the magnetic separa-
tion capability of the nanocomposite, and during the cycle, the rate of drug degradation remained
almost unchanged. These new nanocomposites are expected to have potential applications for the
degradation of organic pollutants in wastewater.
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The fast fashion industry has significantly increased aquifer pollution due to the excessive use of
organic dyes for coloring fabrics. The photocatalysis has proven to be a viable option for degrading
organic compounds such as textile dyes. In this study, the photocatalitic activity of Carbon Dots
(CDs)/Titanium Dioxide (TiO2) samples was evaluated with Rodamine B solution. For the synthesis
of CDs, 5 ml of precursure aqueous solution of urea and citric acid was deposited in the microwave-
asisted solvothermal, the product obtain was purified with ethanol and it was heated to evaporate the
solvents. A pechini solution was prepared with a titanium isopropoxide, ethylene glicol and citric
acid mixture at 1:16:4 molar ratio that was heated and stirred until get a traslucent solution. TiO2
nanoparticles (Sigma-Aldrich, >21mn, purity 99.5) and CDs were dispersed separately in ethanol
varying the porcentaje of CDs in 0, 10 y 15%, they were integrated with pechini solution by ultrasonic.
The solvents were evapored by heat treatment, the dry mixtures were pulverized in a vibrating mil
for 7 hours. The morphology of the CDs was characterized using SEM. From SEM, it was observed
that the synthesized CDs have a quasi-spherical morphology with a diameter of less than 20 nm. The
photocatalytic activity was evaluated with the degradation of Rhodamine B solution at 5ppm. With
5 mg of each sample. Under ultraviolet light during 195 minutes. The sample with 0% CDs achieved
80% degradation; the sample with 10% CDs degraded 86%, while the sample synthesized with 15%
CDs. In conclusion the increase in CDs in the CDs/TiO2 heterostructure increases the degradation
percentage of the Rhodamine dye.
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the structural, electronic, and optical effects of carbon-doping on multi-layer
anatase TiO2 (1 0 1) and the impact on photocatalysis,”
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Materials with topological spin textures have attracted attention in recent years due to their poten-
tial technological applications as the next-generation of non-volatile magnetic memories. The com-
pounds with hexagonal crystal structure and kagome spin structure, D019−Mn3X (X = Ga, Ge, and
Sn), are promising topological structures for this purpose. Most of the topological Hall effect studies
in Mn3X have been focused on single crystals and polycrystals in bulk, and only few works have
been devoted to thin films. In this work, magnetotransport properties of hexagonal D019−Mn3Ga
(Mn3Ga) epitaxial thin films grown on GaN (0001) were studied. Starting from the premise that
the interaction of the direction on which the electric current (I ) is applied within the triangular spin
structure will affect its magnetotransport responses, three different azimuthal directions for I with
respect to the [1-100] direction of Mn3Ga were employed to measure magnetoresistance (MR) and
Hall resistivity. By rotating the azimuth in which I is applied, a higher Hall resistivity is obtained for
I at 45° from those obtained along [1-100] and [1100] directions. In the case of MR, it is observed that
I, perpendicular and parallel to the [1-100] direction lead to asymmetric curves, whereas symmetric
curves are obtained at 45°. These changes are attributed to the interaction of the electric current
considering the symmetry and antisymmetry planes of the kagome structure.
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One-dimensional quantum semiconductor arrays are intriguing systems for exploring fundamental
physical properties and potential electronic and optoelectronic applications [1]. In particular, such
nanowire arrays exhibit anisotropic effects in their electronic transport and light emission properties
[2]. Here, we report the dependence of polarization in the photoluminescence (PL) emission due to
this anisotropy in GaAs nanowires grown by self-assembly between AlGaAs barriers, synthesized
by Molecular Beam Epitaxy (MBE) on a high-index GaAs substrate. Strong emission was obtained
from PL and micro-PL measurements, even at room temperature. Furthermore, anisotropic behav-
ior was observed in the emission intensity of the quantum wires, achieved from linearly polarized
measurements, indicating good 1D confinement. Polarization degrees as high as 0.4 (40%) were ob-
tained, confirming significant polarization dependence. Applications related to this high degree of
polarization at room temperature, such as the fabrication of Vertical-Cavity Surface-Emitting Lasers
(VCSELs) for use in various laser products including fiber optic communications are highlighted. [1]
Jia, C., Lin, Z., Huang, Y. & Duan, X. Nanowire Electronics: From Nanoscale to Macroscale. Chem
Rev 119, 9074–9135 (2019). [2] Cruz-Hernández, E. et al. Photoluminescence study of self-assembled
GaAs quantum wires on (631)A-oriented GaAs substrates. Journal of Vacuum Science & Technology
B: Microelectronics and Nanometer Structures 30, 02B111-5 (2012).
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Pressure tuning the density of states in one-dimensional photonic
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In this work, we calculate the local density of states using dyadic Green’s functions for a defective
one-dimensional photonic crystal of finite size composed of polymeric layers. The spatial periodicity
of the crystal is broken when infiltrating a cavity to detect a cancer cell. This work considers that
the refractive index of polymeric materials changes with the applied pressure. We determined the
existence of a confined mode within the cavity with a maximum value of the local density of states.
The results show that, as pressure increases, the local density of states decreases within the confined
mode.
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Electron beam lithography is an essential tool for fabricating micro and nano-scale devices, and
an unlimited number of devices can be developed, such as sensors, MEMS, NEMS, and antennas,
among others. These designs can modify the electrical, magnetic, optical, thermal, and mechanical
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properties of some materials; to achieve this, it is necessary to use this lithography technique, re-
quiring exceptional control of the different variables that influence the whole process. The resist,
the electron beam, the etching area, the exposure times, the shape and direction of the beam, and
the development of the resist are some issues that involve one or more variables to be controlled in
this process. In this work, we show the different designs created by this means in the SEM labora-
tory of CIACYT, the control of each of the variables, and how they individually affect our designs
through SEM images. One of the objectives of this work is to obtain the most accurate parameters
for each situation, depending on the shape and size of the designs, seeking to standardize a method
of evaluating designs prior to lithography to improve the structures created in terms of quality and
reduce manufacturing times, as well as reduce unnecessary waste of resources. The second objec-
tive is to achieve the smallest structures that our equipment allows. It was possible to obtain images
demonstrating how each of the controlled variables influences the engravings, and by controlling
these, it was possible to correct and obtain more defined and better-quality structures. Results are
shown for simple circle-shaped, ranging from 86nm to 3µm, 40 nm thin lines, as well as more com-
plex structures in the shape of asterisks or interdigitated circuits and the arrays in the shape of a
matrix of some of those designs that can work as antennas and sensors.
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The elimination of dyes in the effluents of the textile industry currently represents a technological
challenge in wastewater treatment processes, the present study reports on the evaluation of the pho-
tocatalytic properties of TiO2 nanostructures with controlled crystalline structure and immobilized
on glass substrates. Using the dipping technique, electrospun TiO2 nanofibers were deposited on the
glass substrate. Scanning electron microscopy (SEM) allowed us to corroborate the presence of the
films formed by the nanostructures. Furthermore, Raman scattering and X-ray diffraction confirmed
that the phase present is anatase. Azo-type reactive dyes were used to evaluate the photocatalytic
properties under UV light exposure. FTIR spectroscopy was used to monitor the bands assigned to
the dye chromophore, which decreased as a function of time. The kinetics of the reaction were also
followed by UV-vis spectroscopy, measuring the intensity of the main absorption bands. The ab-
sorbance spectra showed a gradual decrease in this band, obtaining discolorations close to 100% in a
time of approximately 70 min, which can be attributed to its high surface area and the incorporation
of impurities that benefit the photocatalysis process.
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The demand for portable electrical energy is growing due to the use of mobile devices which sat-
isfy daily needs. In that context the dichalcogenide TiTe2 has demonstrated a charging voltage of ~
0.7 V (Zn2+/Zn) and a reversible capacity of 225 mAh/g [1]. Currently, it has been possible to syn-
thesize the 1T-TiTe2 monolayer [2]. In this work, a systematic study was made of the Li/Na effect
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on the TiTe2 monolayer in the different adsorption-sites on the structural and electronic proper-
ties; This was carried out using DFT implemented in the CASTEP code. Structural properties show
increments for the monolayers in lattice parameters a and b due to the insertion of Li/Na in the
different adsorption-sites. Besides, it is observed that the Top- and Hollow-sites could be the most
stables for adsorption of Li/Na atoms. Furthermore, the electronic properties for the TiTe2 bulk
compound and Pristine monolayer shows a metallic behavior in the similar way for the monolayers
with Li/Na on the different adsorption-sites. This behavior is due to the interaction of p-Te and d-Ti
orbitals. Finally, the voltage obtained indicates that this material can be used as an anode in ion
batteries.
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LaTiO3 (LTO) perovskite is a Mott-Hubbard insulator; however, its electronic and magnetic prop-
erties can be modulated by substitutional defects, quantum confinement or heterojunction with a
semiconductor material such as Si. For this work, these effects were investigated using density func-
tional theory (DFT). The model used consisted of cutting a slab from the LTO bulk phase so that the
system is two-dimensionally (2D) confined, the free surfaces are parallel to the (001) crystallographic
planes and have a TiO2 termination. Then, to form a Si monolayer on the LTO slab, Si atoms were
placed at highly symmetric absorption sites as follows: top sites for Ti and O atoms and hollow sites
in the center of the ring formed by O and Ti atoms. Another nanostructured model was created by
substituting La with Li atoms in the LTO bulk phase. Similar to the Li-free case, this forms a 2D
confined perovskite system; in addition, Si atoms were positioned at the aforementioned absorption
sites. Results shown that the electronic and magnetic properties of each system notoriously depend
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on the confinement and the substitutional Li defects. For all cases, Si atoms interact strongly with
O and Ti atoms; this fact was evidenced by means of the electronic density difference analysis and
there are suggestions of covalent and ionic Si-Ti and Si-O bonds, respectively.
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The identification of different chemical compounds and molecules is crucial, especially when they
are toxic and humans are in direct contact with them, like Rhodamine B and Rhodamine 6G, that
can be potentially toxic. Therefore, it is essential to employ sensitive techniques such as surface-
enhanced Raman scattering (SERS), which can detect these compounds without damaging the sam-
ple and offers easy reproducibility, reliability, and high sensitivity. In this study, we utilized the
SERS technique to detect Rhodamine B and Rhodamine 6G. We developed and implemented three
SERS substrates: the first one comprised Ag nanoparticles deposited on Si wafers by spin coating,
the second system involved Ag nanoparticles deposited on Si wafers using a Teflon ring, and the
third one consisted of SiO2 particles covered with Au and deposited on Si wafers by spin coating.
Raman spectroscopy showed SERS signals of Rhodamine B and Rhodamine 6G for all three systems.
The results revealed that the substrate prepared with SiO2 particles covered with Au produced the
largest enhancement of the Raman signal. However, the SERS substrate deposited using a Teflon
ring on Si wafers detected more signals of Rhodamine B and Rhodamine 6G, as the Teflon ring facil-
itated the formation of clusters of Ag nanoparticles, increasing the presence of hot spots. The SERS
substrate deposited by spin coating on Si wafers provided well-defined signals due to the homoge-
neous distribution of the Ag nanoparticles, as demonstrated scanning electron microscopy (SEM). In
contrast, the Au coating on SiO2 particles was non-homogeneous.

Page 116



XVII-ICSMV / Book of Abstracts

Keywords:

SERS, detection, Rhodamine 6G, Rhodamine B.

Reference:

N/A

This work was supported by:

This work was supported by: Y.L. Casallas-Moreno thanks to the project CONAHCYT-Frontier Science
2023 CF-2023-I-1117, and D. González thanks to the project SIP-20240184 from IPN.

Author approval:

I confirm

Author will attend:

I confirm

NANOSTRUCTURES / 303

IMPACTOFTHEGRAPHENEBUFFERLAYERONTHEGROWTH
OFANTIMONIDES FORNEARANDMID-INFRAREDOPTOELEC-
TRONIC DEVICE INTEGRATION
Author: Nayeli Colin Becerril1

Co-authors: Gerardo Villa Martínez 2; José Luis Herrera Pérez 1; José de Jesús Cruz Bueno 1; Julio Gregorio Men-
doza Álvarez 3; Manolo Ramírez López 1; Yenny Lucero Casallas Moreno 4

1 Unidad Profesional Interdisciplinaria en Ingeniería y Tecnologías Avanzadas, Instituto Politécnico Nacional
2 Escuela Superior de Ingeniería Mecánica y Eléctrica Unidad Zacatenco, Instituto Politécnico Nacional
3 Departamento de Física, Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional
4 Conahcyt- Unidad Profesional Interdisciplinaria en Ingeniería y Tecnologías Avanzadas, Instituto Politécnico Na-

cional

Corresponding Author: ncolinc2200@alumno.ipn.mx

Due to its favorable electrical, structural, and optical characteristics, including high electron mobil-
ity and a direct band gap, the antimonide family provides an excellent alternative for developing
more efficient and high-speed optical devices. Antimonide-based devices, such as light emitting and
detection systems, operate in the near and mid-infrared region. Recently, significant interest has
emerged in improving the crystal quality of the antimonides, leading to investigation into their cou-
pling with 2D materials such as graphene (G)[1]. The interaction between antimonides and graphene
occurs through van der Waals forces, which are inherently weak, facilitating the transfer of growth
from the graphene substrate. Therefore, in this work, we grew gallium antimonide (GaSb) on G/Si
(111) using the close space vapor transport (CSVT) technique. GaSb was grown at temperatures
ranging from 510 to 610℃. The GaSb compound was characterized by Raman spectroscopy, scan-
ning electron microscopy (SEM), and X-ray photoelectron spectroscopy (XPS). As results, we were
able to observe by Raman the LO and TO phononic modes corresponding to GaSb at 231 and 226
cm^-1, respectively. Additionally, SEM revealed the formation of 3D GaSb structures in the form of
islands and nanocolumns. Finally, we could confirm the presence of Ga—Sb and O—Sb bonds in the
structures by XPS.
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This study describes the structural and electronic properties of alkali (Li, Na and K), alkaline earth
(Be, Mg and Ca) and transition (Cu, Ag and Au) metal adsorption on ZR2C structure. First-principles
calculations based on the Density Functional Theory (DFT) were performed, using the SIESTA code
with the generalized gradient approximations (GGA). The structure was generated parallel to the (1
1 1) crystallographic plane. The metals were adsorbed on the Zr atom (top T site), on the C atom
(down D site), on the bond between C and Pb (bridge Ba and Bb sites) and above the hexagonal figure
formed (hollow H site) of ZR2C. The transition, Na and Ca atoms are adsorbed preferentially on the
H site; while Li, Be and Mg are adsorbed at the D site; and K atom is adsorbed at the T site. The
results indicate that the adsorption of transition and Be atoms could have applications in storage of
hydrogen, whereas Li and Na atoms for ion batteries.
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This study presents the characterization of ethanol-assisted chemical vapor deposition (CVD) re-
duced graphene oxide and its application as a platform for electrochemical sensors. Using CVD,
graphene oxide thin films were reduced on quartz substrates by varying the temperature and reduc-
tion time with ethanol to improve the electrical conductivity and electron exchange capacity of the
material. The structural, morphological and electrochemical properties of the resulting films were
characterized using techniques such as scanning electron microscopy, Raman spectroscopy and four-
point spectroscopy. The results indicate an effective reduction of graphene oxide with a significant
improvement in electrochemical activity. The platform was developed for the immobilization of bac-
teria (E. coli O157:H7), glucose and even the binding of antibodies to recognize antigens (P53 Elisa
Kit - MBS355295). The platform demonstrated high sensitivity and selectivity for the detection of
these specific analytes when coupled to a TFT that acts as a transducer and allows us to analyze the
analyte concentration on the platform by observing changes in the TFT output currents, making the
platform a promising alternative for applications in biosensors and biological detection devices. This
work highlights the potential of CVD-reduced graphene oxide as a versatile and effective platform
for a wide range of electrochemical sensing applications.
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In clinical analysis, the use of contrast medium is of great importance because it allows the visualiza-
tion of specific structures in cells and tissues, facilitating the detection of anomalies in the body and
contributing to more precise and early diagnoses (1). However, current contrast medium methods
have certain disadvantages, so developing new methods is an important area of research. In this
work, magnetite nanoparticles doped with neodymium (Nd) and ytterbium (Yb) were synthesized
using the iron salt co-precipitation method. Subsequently, they were coated with silicon dioxide
(SiO2) and Nd, improving their luminescence and biocompatibility. The core-shell nanoparticles
were physicochemically characterized, determining the crystalline structure of their core with an
approximate size of 15nm, as well as their luminescence with absorption and emission at 656nm
and 990nm, respectively. The results show these nanoparticles are possible candidates for contrast
medium in biomedical applications.
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Curcumin is the main polyphenol in turmeric, which is a root from the Zingiberaceae family. Both
have been widely reported to exhibit strong antioxidant and antifungal activities, demonstrating a
high capacity to neutralize free radicals and protect against oxidative damage. Magnetite nanopar-
ticles have been used in the biological field as nanocarriers for pharmaceuticals and other health-
beneficial substances, finding applications in the food, pharmaceutical, and cosmetic industries. In
this study, the antioxidant and antifungal potential of magnetite nanoparticles coated with turmeric
and curcumin extract is investigated. The nanoparticles were synthesized and coated using a modi-
fied iron salt coprecipitation method. The nanoparticles were synthesized, characterized, and their
antioxidant capacity was evaluated through in vitro assays, including free radical scavenging. Ad-
ditionally, the antifungal activity of both types of nanoparticles against the Candida albicans fungal
strain was analyzed using mycelial growth assays and growth inhibition tests.
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The MeV ion implantation leads to the formation of surface ripple nano-patterns on diverse kind of
materials, as metals, dielectrics, and semiconductors. Also, under oblique irradiation, the implanted
ions are preferentially deposit on the crests of such patterns. Based on the previous experimental
facts, this work shows the formation of gold nanoparticles arranged on surface nanopatterns induced
on SiO2 by 1.8 MeV Au ion implantation and at impinging angle of 60°. To promote the nanoparticle
nucleation the samples were followed by a thermal annealing at 1000℃. During implantation, the
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ionic current was kept constant (400 nA) while the ionic fluence (proportional to implantation time)
was between 0.4-2.0×10^17 cm-2. The surface morphology of the implanted substrates was analyzed
by atomic force microscopy (AFM) and scanning electron microscopy (SEM). For the lowest fluences
(0.4-0.8×10^17 cm-2), the formation of isolated surface structures on a flat background was observed
whose morphology mimics the exoskeleton of a bug. According to a SEM-EDS analysis, the forma-
tion of gold nanoparticles on the exoskeleton of the bugs was observed. In the intermediate fluences
(0.8-1.4×10^17 cm-2), a ripple background now appears and begins to surround the bugs. Finally,
in the highest fluences (1.4-2.0×10^17 cm-2), the surface shows a ripple pattern without traces of
the bugs. In this last case, the gold nanoparticles are formed along the crests of the surface ripples.
The optical absorption of the samples show the presence of a Surface Plasmon Resonance (SPR) in
the 511-555 nm wavelength region, suggesting the presence of plasmonic gold nanoparticles. The
results obtained here may be of special interest for the manufacture of SERS-type sensors based on
plasmonic metal nanoparticles organized according to a surface periodic nanopattern.
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Throughout the years the semiconductor nanostructures like the quantum dots (QDs) have taken
relevance in the industrial and academic fields due to the electron confinement properties they up-
hold, allowing for the harvesting of a wide range of the solar spectrum in photovoltaic technology,
giving the user superior versatility and efficiency on devices such as TV screens for vibrant col-
ors, photodetectors with enhanced sensitivity, etc. To properly tailor the absorption range, the full
control of the synthesis process by modifying their size, composition, and arrangement in multi
stacked heterostructures should be propitiated. In this study we present a method to control the
morphology of the QDs by encapsulating them in asymmetric composition AlGaAs/GaAs layers by
Molecular Beam Epitaxy (MBE). For sake of guaranteed reproducibility in the experiment, it was
verified that prior to the capping all the QDs grown on GaAs showed the same diffusion parameters,
critical thickness, and pyramidal shapes with 50° vortex angle. When encapsulating in asymmetrical
AlGaAs barriers the InAs lattice mismatch is nearly maintained for any Al composition (%Al) in the
ternary alloy. Nevertheless, reflection high-energy electron diffraction (RHEED) patterns of the QDs
revealed consistent changes on their shape to truncated and tip rounded pyramids. GaAs capping
(0%Al) conduces to a sudden flattening of the surface in such a way that the faceted growth is lost
at 1.2nm. On the contrary, for high %Al alloys capping the vortex angle progressively diminishes to
20°, and its observed up to 7nm. These results prove that despite the similar lattice mismatch, the
surface diffusion tailored by %Al plays a key role when capping the QDs. Numerical simulations
were run to explain the ternary alloy strain effect, accounting for the morphological shapes of the
pyramids, and intermixing processes.
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The amount of fresh water on the planet is decreasing, however, in the atmosphere that amount is
approximately 1.4 x 10^19 liters, which makes the atmosphere an almost inexhaustible source. This
project, uses the dew point temperature to condense water on different nanostructured surfaces
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and configurations, to increase the condensation area. The study was developed using a Peltier cell,
which had a water-cooling system and was supplied with energy through a voltage source. The
temperature of the cold face was measured with a type J thermocouple. The entire system was
controlled with ARDUINO, to ensure a constant temperature close to the dew temperature of the
cold face in real-time. The materials used were copper and porous copper (50 �m pore size), porous
carbon, deposited by the magnetron sputtering technique, and aluminum and porous aluminum. The
results indicate that the amount of condensed water is a function s of the temperature and humidity
values of the environment. Contact angle values of said surfaces are also shown. Moreover, there was
a variation in water condensation between pristine materials and those that are porous. Regarding
the contact angle, there were minor variations between one material and another.
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Ion exchange synthesis of NiY zeolite. Diffuse reflectance spec-
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The controlled growth of Ni nanoparticles supported in zeolite Y (NiY) is of great interest, for ex-
ample, by the petroleum industry due to its bifunctional characteristic (C-C bond breaking and
hydrogenation-dehydrogenation function). Although there are several methods of NiY synthesis
(precipitation, coprecipitation, solid state, among others), the method of synthesis by ion exchange
and subsequent reduction by hydrogen is more convenient due to the ease implementation and
growth control compared to the other methods previously mentioned. In this project, temperature-
controlled growth of Ni nanoparticles supported in a Y zeolite (with Si/Al molar ratios of 15 and
40) was carried out using the aqueous ion exchange (first experimental stage) and reduction method
with hydrogen gas (second experimental stage), characterizing each stage of the process both qual-
itatively and quantitatively. In the first experimental stage, the exchange time was varied from 15
to 60 days, carrying out a qualitative follow-up of the exchange by diffuse reflectance spectroscopy
(DRS) and quantitative by spectroscopy with inductive coupling plasma (ICP). From the DRS, it was
possible to determine the characteristic bands of nickel in the SI’ and SII cationic zones of zeolite,
finding a certain relationship with those reported by other authors (Lepetit & Che, 1996). On the
other hand, through ICP analysis, it was possible to quantify the concentration of nickel in the ex-
changed samples, increasing proportionally with respect to the exchange time.
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Mesoporous materials have the potential to be used in various areas, such as catalysis, adsorp-
tion of contaminating agents, controlled release of drugs, among others. In this work, the syn-
thesis of mesoporous silica functionalized with thiol groups and amino groups is reported. Meso-
porous silica was synthesized using the sol-gel method; tetraethyl orthosilicate (TEOS) was used
as a precursor and pluronic P123 as a surfactant at concentrations of 1, 2 and 4%. The material
obtained was functionalized by the grafting method; (3-mercaptopropyl)trimethoxysilane and (3-
aminopropyl)trimethoxysilane were used as precursors of thiol and amino groups, respectively. The
synthesis of an amorphous silica was confirmed by X-ray diffraction. Fourier transform infrared
spectroscopy showed that thiol and amino functional groups are present in mesoporous silica, with
absorption bands at 2565 cm-1 and 1567 cm-1, respectively. By SEM, the morphology of the meso-
porous silica reveled, structures of 3 μm in the form of corrugated tubes, after functionalization with
MPTMS and APTMS, were found structures of 4 μm long tubes and 4 μm diameter spheres were ob-
served, respectively. Finally, the pore size of each sample was determined using the BET technique.
Mesoporous silica functionalized with thiol and amino groups was used in the removal of Cu2+ ions
by performing adsorption experiments. Metal quantification was performed using atomic absorp-
tion spectroscopy; the data were fitted to the Langmuir and Freundlich isotherms. It was found
that mesoporous silica functionalized with amino groups has greater adsorption capacity, since it
removed up to 99.7% of the Cu2+ ions.
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Through in situ monitoring of fuel cells in oxidation-reduction processes with high-energy X-ray
diffraction for ternary systems (Pt-Pd-Co), the PDF is created through the Fourier transform of the
diffraction pattern of a sample. It has been seen that the lattice strains in nanostructures are re-
flected in the oscillation of the peaks of the atomic pair distribution function (PDF). The analyses
have revealed that there is atomic mobility within the ternary nanoparticles. Thus, it is sought that
atomic structural models reproduce the oscillation of the PDF peaks at a certain moment, to have the
average atomic distribution of the nanoparticles in the fuel cell. Different atomic structural models
were created and these were applied molecular dynamics simulations using LAMMPS with second
neighbor MEAM potentials. And the pair distribution function of the models was calculated trying
to reproduce the experimental PDF. It is shown that a non-uniform distribution of the elements of
the ternary system within the structures is the cause of the lattice strain oscillations for the nanos-
tructures, mainly the radial distribution of Co turns out to have a greater effect on the peaks of
interest in the PDF altering the general structure of the nanoparticles.
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The double-walled carbon nanotubes can be synthesized using the pulsed electric arc discharge with
the spinning anode method (PEADSA). With this method, the frequency of the pulsed discharge can
be controlled, as well as the discharge onset, which directly affects the nucleation and growth of
carbon nanotubes. In this work, the experimental diameter of the double-walled carbon nanotubes
(DWCNTs) was calculated employing an empirical equation that considers the quantum coupling
between inner and outer carbon nanotubes and compared with the theoretical diameter (1% error).
From these results the chiral indexes were calculated. The following parameters were used: current
discharge at 150 A DC with a carbon disc as anode divided into eight sectors an catalytic mixture
C/Ni/Fe/Co/S 95/0.6/1.4/2.8/0.3 mole fraction and angular velocity of 360 rpm. The electrode con-
figuration was point-to-plate, and the cathode was a graphitic rod with a triangular point. The
discharges and idle state durations were 20 ms and 22 ms, respectively. The synthesis was done un-
der hydrogen atmosphere at 200 Torr. Scanning (SEM) and transmission (TEM) electron microscopy
and Raman spectroscopy were for characterization. The obtained double-walled carbon nanotubes
had an internal diameter of 0.82 –1.52 nm and an external diameter of 1.52 –2.33 nm.
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An in-depth study of previously data for the synthesis of new carbon nanostructures is made. The
Raman spectra and electron microscopy images obtained were analyzed to give a physical interpre-
tation and a possible application related to electrical charge in storage systems. By using the ex-
perimental pulsed electric arc discharge method with a spinning anode (PEADSA), pulsed discharge
was performed. The angular velocity and the geometric configuration of the spinning anode were
controlled and using these parameters, the electric discharge frequency, the length of the discharge
time and no discharge time were regulated. Elemental sulfur powder in a sulfur rich catalytic mix-
ture containing 93.84/2.56/1.43/0.69/1.48 of C/Ni/Fe/Co/S in mole fraction was used. A low-pressure
hydrogen atmosphere (100 Torr), an angular velocity of 600 rpm and a discharge frequency of 80
Hz were employed. The catalytic mixture was disposed in sixteen alternating cavities, eight filled,
eight empty. Two types of multi-walled carbon nanotubes deposited depending on the electrode
were found. Mainly multi-walled carbon nanotubes (MWCNTS) with an average diameter of 60 nm
and few microns in length were observed at the anode. On the other hand, MWCNTS of smaller di-
ameters and lengths of several microns were found at the cathode. Both nanotubes were decorated
with carbon disulfide. The disulfide that decorated the nanotubes had an oval shape with an average
dimension of 15 nm along the surfaces of carbon nanotubes.

Keywords:

Energy storage systems, MWCNT, Arc discharge method.

Reference:

No references

This work was supported by:

No funding

Author approval:

I confirm

Author will attend:

I confirm

NANOSTRUCTURES / 173

PREPARATIONANDCHARACTERIZATIONOFNEWMULTIFUNC-
TIONAL TEXTILES CONTAINING TIO2 NANOFIBERS

Authors: Josefina Aguila López1; José Francisco Sánchez Ramírez2

Co-authors: Maribel Flores González 2; Oscar Secundino Sánchez 3; José Ángel Juárez Torres 4; Joel Díaz Reyes
2

1 UPIITA-Instituto Politécnico Nacional, Av. Instituto Politécnico Nacional 2580. Barrio Laguna Ticomán, 07340. Méx-
ico.

2 CIBA-Instituto Politécnico Nacional. San JuanMolino Km 1.5 de la Carretera Estatal Sta. Inés Tecuexcomac-Tepetitla,
Tlaxcala, 90700. México.

3 CINVESTAV-Instituto Politécnico Nacional. Departamento de Física. Av Instituto Politécnico Nacional 2508, Col. San
Pedro Zacatenco, Delegación Gustavo A. Madero, Ciudad de México, C. P. 07360

4 Facultad de Ingeniería, Ingeniería Textil, Benemérita Universidad Autónoma de Puebla, Blvd. Valsequillo y Av. San
Claudio, S/N Col. San Manuel, Ciudad Universitaria Puebla, C. P. 72570, Puebla, México.

Corresponding Authors: jfsanchez@ipn.mx, joss2327_aguila@hotmail.com

Page 128



XVII-ICSMV / Book of Abstracts

This work presents the preparation of multifunctional cotton textiles using TiO2 nanofibers. The
obtaining of single-crystalline TiO2 nanofibers with high specific surface area synthesized by elec-
trospinning technique with controlled crystal structure and morphology. The nanofibers were an-
nealed at 500 ℃ in a controlled atmosphere in the presence of air for two hours to achieve crys-
talline phase transformation. The cotton fabrics were functionalized with different concentrations
of TiO2 nanofibers by ex situ method. The surface energy of the cotton fabric was modified us-
ing hexadecyltrimethoxysilane. Fabrics with superhydrophobic, antibacterial, UV protection and
photocleaning properties were obtained. In this research, the results of the characterization of the
samples using SEM, EDS, transmittance spectroscopy and contact angle measurement techniques
are presented. The results showed that the modified cotton has potent antibacterial activity against
Staphylococcus epidermidis bacteria. Modification of the textile surface composition was success-
fully carried out. Ultraviolet light blocking was measured by transmittance data at 280-400 nm and
showed a higher ultraviolet protection factor than pristine cotton, it also presents a static contact
angle with water ˃ 150° for a 5 μl droplet.
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The results of the encapsulation of a nanobioherbicide formulation of Puccina sp.- Ag NPs using
the drip extrusion technique and chitosan as encapsulating polymer are presented. The synthesis
of Ag nanoparticles was obtained by chemical reduction method. The Ag NPs were characterized
by visual inspection, ultraviolet-visible spectroscopy and transmission electron microscopy (TEM).
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The nanobioherbicide precursor solutions containing sodium tripolyphosphate (TPP) as a gelling
agent were prepared under ambient conditions and rigorous stirring. By varying the percentage of
TPP 4.0, 3.0, 2.0 and 1.0% in the precursor solution containing the nanobioherbicide, it was possible
to prepare nanobioherbicide capsules with sizes of 4 mm and to control the porosity of the shells.
Characterization by optical microscopy showed the formation of well-defined and homogeneous
microcapsules. SEM analysis revealed the formation of different morphologies in the cross section of
the shells depending on the TPP concentration. UV-Vis spectroscopy results revealed the presence of
the nanobioherbicide in the capsules. Finally, the nanobioherbicide Puccina sp.- Ag NPs was applied
on Amaranthus retroflexus in order to observe the herbicidal effect.
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The production of polyethylene terephthalate (PET) nanofibers by electrospinning is a modern and
efficient method that uses the electric field for the production of fine fibers, allowing the fabrication
of porous and versatile structures called scaffolds, organized by nanofiber units. This method has
aroused great interest in the materials industry due to the unique properties they offer, such as their
high mechanical strength and their potential applicability in fields such as regenerative medicine
and tissue engineering. In this study, we propose an innovative approach using electrospinning
for the fabrication of PET nanofibers. During the development of this project, we have created the
initial solution necessary for the production of recycled PET nanofibers using the electrospinning
technique. For this purpose, we have used the following materials: recycled PET from bottles and
a solution composed of CHCl₃ and C₂HF₃O₂ acid. Once manufactured, the nanofibers exhibited a
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uniform and homogeneous structure, characterized by high porosity and excellent interconnection
between the fibers. This reflects the high quality of the production process and the desired properties
for various advanced uses. The processing of PET nanofibers by electrospinning has proven to be
an efficient and promising method. The results obtained in this study indicate that it is possible to
produce high quality nanofibers using recycled PET, which not only retains the desired mechanical
and structural properties, but also promotes sustainable practices in the materials industry.
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Under the premise that TiO2 and Au nanoparticles exhibit good photocatalytic properties for the
degradation of chemical contaminants in water, nanocomposites of TiO2/Au were synthesized in
a 30% H2O2 and H2O solution using the laser ablation of solids in liquids technique. A Ti target
was ablated with an energy of 475 mJ/pulse for 120 s, and in the same solution, an Au target was
ablated applying the same energy while varying the ablation times, aiming to induce changes in
Au concentration for each sample. The solutions containing the nanocomposites, along with sam-
ples of TiO2NPs and AuNPs synthesized under the same parameters used for the nanocomposites,
were characterized using UV-VIS spectroscopy, grazing incidence X-ray diffraction (GIXRD), Raman
spectroscopy, and transmission electron microscopy (TEM). Utilizing the obtained samples, photo-
catalytic degradation of methylene blue (MB) dye was conducted using TiO2/Au nanocomposites
and TiO2NPs in the visible light range, with the incidence of an LED lamp for a total of 150 min-
utes, measuring solution absorbance with UV-VIS spectroscopy at intervals of 0, 15, 30, 45, and 60
minutes.
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We investigated how nanoemitters randomly distributed in single-walled carbon nanotubes (SWC-
NTs) can enhance laser emission when excited by plasmon-polariton (PP). We found that when
the plasmonic frequency of the carbon nanotubes exceeds a critical value, the plasmon-polariton is
macroscopically excited throughout the entire SWCNT. The laser generation time of the nanoemit-
ters is strongly influenced by this plasmonic frequency. This leads to a reconnection of the fields in
the nanoemitters and a significant coupling between the emitter radiation and the plasmon-polariton
fields. We demonstrated that the resonant change in the spatial field structure is related to an in-
crease in PP excitation, which is evidenced by a strong and narrow peak in the inverse participation
ratio of the optical field. This phenomenon has implications for the design of active devices in con-
temporary nanoelectronics.
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Ultrasonic cavitation is the process of growth and collapse of vacuum cavities in a liquid when sub-
jected to high-intensity ultrasonic waves. The ability to control the size and distribution of these
particles is crucial for various industrial and technological applications, such as catalysis and regen-
erative medicine.
The objective is to establish a set of conditions that allow for more precise control over the size
and structure of the nanoparticles produced, utilizing advanced characterization techniques such as
Transmission Electron Microscopy (TEM) and Scanning Electron Microscopy (SEM), which enable
us to obtain images where the shape, size, and crystallinity of the nanoparticles can be observed.
In this study, operational conditions were investigated to optimize ultrasonic cavitation in the pro-
duction of iron nanoparticles. The systematically varied parameters included cavitation time (2, 4,
and 6 hours) with 10-second breaks every 10 seconds of ultrasonic activity, temperature (20, 30, 40,
70, 80, and 90℃), and ultrasound amplitude (50% and 100%).
The results indicate that it is possible to generate nanoparticles ranging from 3 nm to 500 nm, with
changes in morphology and crystallinity. Additionally, spike-shaped nanoparticles with a crystalline
composition can be generated, with resultant sizes between 4 and 8 nm.
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The hydroxyapatite/reduced graphene oxide (HA/rGO) composite has great versatility in applica-
tions because it exhibits a synergistic effect of its properties due to the unique characteristics of its
components, such as biocompatibility, chemical and thermal stability, high surface area, excellent
mechanical properties, and electrical conduction. Nowadays, there are several synthesis methodolo-
gies for this material. However, in this work, we synthesized HA/rGO composite through the mi-
crowave hydrothermal method because it combines the benefits of the hydrothermal and microwave
methods, allowing us to reach ideal temperature and pressure conditions, thus reducing the synthesis
time. The synthesized material was subjected to prior characterization by X-ray diffraction, Raman
spectroscopy, FTIR, Scanning Transmission X-ray microspectroscopy (STXM), and SEM to elucidate
the structural and morphological properties. Rietveld refinement was performed from XRD data, a
Rwp value of 8.33 was obtained, and the presence of hexagonal crystalline phase of HA in HA/rGO
composite was confirmed. No diffraction peak of rGO was observed in the XRD pattern because the
characteristic rGO (002) peak is much weaker and broader than HA (002) peak owing to the amor-
phous nature of rGO. Thus, the rGO peak is covered by the highly intensified HA (002) peak with high
crystallinity. Raman spectroscopy confirmed the formation of HA/rGO composite; Raman spectra
show bands attributed to characteristic Raman active modes of each composite precursor. NEXAFS
spectra of composite exhibit peaks associated with electronic transitions from C 1s level to σand π
high energy levels of rGO, and transitions corresponding to Ca and O L-edge and P K-edge of HA.
From SEM analysis, it is concluded that HA possesses nanorod morphology and is well distributed
along the surface and edges of the graphitic layer of rGO.
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Currently, bimetallic nanoparticles are of great interest due to their optical, electronic and magnetic
properties, since these can be improved compared to their monometallic counterparts. The applica-
tions of this type of nanoparticles in industry are of great relevance. For example, in medicine they
are used for the treatment of cancer and are also used for water treatment through photocatalysis.
In this work, the synthesis of titanium and iron nanoparticles was carried out using the ultrasonic
cavitation method, with the purpose of analyzing their properties and composition. For this, three
different types of characterization were carried out: TEM to know its composition and structure, RBS
to rectify composition and XRD to rectify structure. According to the results obtained from TEM,
a composition of iron and titanium oxide nanoparticles was found, with iron found in nanowire
structures of approximately 100 nm. This result was corroborated by RBS analysis using a proton
beam at 1.5 MeV and also by XRD analysis, where peaks corresponding to different crystal phases
of iron and titanium oxides, like ferrite, were detected. Once the properties of the nanoparticles
were established, they were subjected to an annealing process, at a temperature of 800℃ for 1 hour,
to see the effect of a thermal treatment. Thanks to a new XRD analysis, it was observed that after
annealing, a simple tetragonal phase was reached for titanium, known as rutile.
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Due to a need for obtaining energy from non-fossil sources, the use of dimethyl ether (DME) as
a high-efficiency fuel is a promising alternative. Its use implies zero emissions of CO2 and other
toxic compounds. In this study, we propose the synthesis and characterization of nanostructured
materials based on transitions metals (W oxide), supported on alumina, to be used in the methanol
dehydration reaction to produce DME. The materials were prepared by the precipitation method
and characterized by X-ray diffraction (XRD), temperature-programmed desorption (TPD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), and X-ray photoelectron spec-
troscopy (XPS). The activity was discussed in terms of methanol conversion and selectivity towards
DME. A tungsten oxide load at submonolayer coverage on alumina (Al2O3) renders highly dispersed
dimeric polytungstate and isolated monotungstate species with tetrahedral, octahedral, and distorted
octahedral coordination, whose proportion increases as it approaches a monolayer. Crystalline WO3
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nanoparticles emerge at higher loads. All species displayed hexavalent oxidation. The 5 wt % sample
showed the highest percentage of W-O-Al species, correlating with the highest methanol conversion.
This is also attributed to the appearance of weak acid sites revealed by temperature-programmed am-
monia desorption.
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Currently, one of the most outstanding advances in cutting-edge science is the self-assembly of quan-
tum dots (QDs), a promising process in the field of nanotechnology. These nanostructures restrict
the degrees of freedom of electrons, phonons, and photons, allowing the creation of optical and elec-
tronic devices with exceptional characteristics.To achieve devices with the unique properties offered
by QDs,it is essential to successfully stack multiple layers of the barrier/QDs/barrier structure ver-
tically. This project focused on understanding and controlling the morphological characteristics of
InAs quantum dots, such as their shape, size, and spatial distribution, analyzing the biaxial strain
(εxx) based on theoretical understanding from numerical simulations [1].In this work, the growth
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of InAs QDs in asymmetric (Al)GaAs matrices using the MBE technique was analyzed.Experiments
were conducted with systematic variations in growth parameters (GP) such as temperature, depo-
sition rate, and matrix composition. Before encapsulation of the QDs, the GPs were adjusted until
reaching an InAs nano average island density, height and base of 5x10^10 cm^-2, 5nm and 40 nm, re-
spectively. Better spatial distribution of QDs conduced to low noise photoreflectance spectra,where
a transition close to 1.12eV was observed attributable to the quantum electron confinement of the
QDs. These QDs were later capped with GaAs, Al(30)Ga(70)As and Al(40)Ga(60)As. When covering
the QDs the rate of flattening of the surface strongly depends on the concentration of Al, as analyzed
by reflection high-energy electron diffraction (RHEED) patterns. On this respect, several encapsu-
lation models are proposed in this work. It is noteworthy that in spite of the intrinsic roughness
of the QDs containing samples, high resolution x-ray diffraction pattens showed uniform Pendellö-
sung fringes through which heterostructure properties were attained.Furthermore, computational
simulations and theoretical models were developed to support the experimental results and provide
a deeper understanding of the growth and formation mechanisms of QDs in asymmetric (Al)GaAs
matrices.
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CeO2 catalysts have been widely explored in oxidative reactions [1] however, in reductive reactions
they have also been attractive for their redox properties. The synthesis of compound catalysts is usu-
ally long and multi-stage, resulting in core-shell or yolk-shell morphologies. In the present work,
the microwave radiation-assisted one-pot synthesis of M@CeO2 catalysts is presented. The effects
of the metal on the structure of the hollow and porous spheres of CeO2 were studied by XRD, TEM
and N2 physisorption techniques, as well as the optical properties by UV-Vis spectroscopy where
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the presence of the metal was confirmed by the appearance of the plasmon peak. It was also evi-
denced that the catalytic performance is affected by the metal in question both in the reduction of
4-nitrophenol (4-NP) and in methyl orange (MO) of which, the bimetals were more active due to the
synergistic effect between metals. Regarding catalytic stability, catalysts were found to be effective
in at least 10 consecutive reaction runs (4-NP reduction) with a decrease in activity. This loss of ac-
tivity was attributed to a transformation in CeO2 induced by the reductive environment of NaBH4
which was evidenced by Raman spectroscopy, it was found that both the incorporation of the metal
and the rich environment of H2 induce oxygen vacancies in CeO2 as well as the agglomeration of
the metal to nanoparticles of larger diameters which are less active.
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Computational Simulations Applied to Kagome GdV6Sn6
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In this talk, I will present a recent computational study applied to Kagome GdV6Sn6 nanomaterials.
We compared results about the Fermi surface and the Haas van Alphen quantum oscillations with
experimental data. The spin-orbit effect and high electron correlation due to f-orbitals are mandatory
to reach a good agreement with the experiment. The angle-dependent dHvA oscillation frequencies
indicate that the smaller pockets of the Fermi surface have almost 3D character, whereas the bigger
pockets are mostly two-dimensional. The comparison of the observed frequencies with the electronic
structure calculations indicates that the heavier masses correspond to saddle point-like features of
electronic structure at M point contributed by � and � bands. Our work reveals the features of the
Fermi surface containing heavier fermions originating from saddle points in the electronic structure
at the M point inherent to the Kagome lattice.
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Carbon nanotubes (NTC´s) are novel artificial structures that have good mechanical, electrical and
thermal properties. These properties have made the NTC´s object of application in the immobi-
lization of enzymes for the manufacture of biosensors. In the present study, NTCs were used as
support for the immobilization of the laccase enzyme to develop an amperometric biosensor for
the determination of phenolic compounds in solutions. The enzyme used was obtained from two
sources: commercial laccase enzyme from Trametes versicolor (Sigma) and crude enzymatic extract
from Trametes versicolor (TA-CMU). The NTC´s were purified and oxidized by acid treatment with
a solution of concentrated HNO3 and H2SO4 (1: 3) to leave the surface charged with the carboxyl
group and carry out the immobilization of the enzyme. Subsequently, they were characterized by
SEM, X-ray diffraction, FTIR and Raman spectroscopy. Electrodes modified with NTCs and both
either enzyme or the extract were prepared, later characterized by Electrochemical Impedance Spec-
troscopy (EIS) techniques, identifying the interface formed on the surface of the electrode, showing
the impedance or resistance to the passage of ions that the enzyme presents itself. Alone and by the
presence of NTCs bound to the enzyme, was improved the process of electron transfer. Finally, cyclic
voltammetry tests were performed in the presence of catechol to evaluate their detection. Values of
the oxidation peak were determined in 715,624 µA and 709,224 µA for E-NTC-GA and EXT-NTC-GA,
respectively, showing that the extract was capable to detect the phenol compounds.
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The thermoluminescence dosimeter (TLD) is a passive radiation detector whose response is propor-
tional to the absorbed dose. Magnesium borate-based TLDs have an effective atomic number close to
that of human tissue, making them useful in personal dosimetry. In the field of thermoluminescence
dosimetry, the synthesis of new materials with a response to ionising radiation similar to that used
in medical radiotherapy is important. Magnesium borates have the relevant physical and chemical
properties, including a simple glow curve, low fading, high sensitivity, chemical and thermal stabil-
ity, etc., which make them suitable for possible application as personal TLDs. This work focused on
the synthesis of Mg2(B2O5) in both its pure form and doped with rare earth Mg2(B2O5) : Dy
in nanometric sizes by hydrothermal synthesis. The concentration of Dy was varied from 0.01 to
1.5 molar. To determine the sensitivity of the material to gamma radiation, a Cs-137 source was
used on different radiation doses. X-ray diffraction analysis determined that the samples had a pure
phase of Mg2(B2O5) with a triclinic structure. The refinement Rietveld method indicates that the
reported cell parameters a=6.149 Å, b=9.221 Å, c=3.121 Å, α=90.29o, β=92.230o, γ=104.3o changed
by 0.1 to 0.7% as the Dy concentration increase. At the same time, the grain size varied from 15 to 25
nm. Finally, SEM and EDS techniques were used to obtain the morphology of nanoparticles and to
determine their chemical composition. A dosimetric study and analysis of the thermoluminescence
response will be carried out. The results of this research will provide a solution to improve the safety
of medical personnel involved in the application of radiotherapy to cancer patients through the use
of personal TLDs appropriate to the type of radiation used in this type of therapy.
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VIRUS- LIKE NANOPARTICLES FOR SMART MEDICINE
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Enzyme replacement therapy (ERT) has been used to treat a few of the many existing diseases which
originate from the lack of, or low enzymatic activity. Exogenous enzymes are administered to con-
tend with the enzymatic activity deficiency. Nanotechnology has significantly impacted the devel-
opment of medicine; a significant research effort is currently focused on the use of nanoparticles
(NPs) for drug delivery, nonetheless, NPs can also be used as nanocarriers for enzymatic activity.
Enzymatic nanoreactors based on enzyme encapsulation inside virus-like particles (VLPs) are excel-
lent delivery vehicles for therapeutic enzymes as they are biodegradable, uniformly organized, and
porous nanostructures that transport and can protect the biocatalyst from the external environment
without greatly affecting their bioactivity.

On the other hand, endocrine disruptors (EDs) are exogenous compounds with the potential to alter
hormonal synthesis and regulation, consequently affecting health and reproduction in animals and
humans. On the other hand, the superfamily of cytochrome P450 enzymes (CYP) play important
roles in the biosynthesis of steroids and prostaglandins. CYPs are also involved in the detoxification
of a wide range of compounds such as pharmaceuticals or chemical pollutants (including EDs), and it
has been established that these enzymes produce the initial biotransformation of many EDs.

In this work, we discuss ongoing research being conducted in our lab concerning the use of virus-
based enzymatic nanoreactors for the treatment of lysosomal storage diseases, as well as potential
therapies for galactosemia. In addition, a bionanoreactor based on the encapsulation of an enhanced
peroxygenase CYPBM3 “21B3”inside the capsid of bacteriophage P22 VLPs was designed and char-
acterized. VLPs were covered with glucose oxidase (GOx) in order to generate hydrogen peroxide
necessary to activate the transformation of different Eds such as bisphenol A (BPA), nonylphenol
(N2), 17 beta-estradiol (E2) and triclosan (TCS).
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From Graphene oxide to N-doped Graphene: Understanding the
doping process
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Various approaches are available for the nitrogen (N) doping of graphene oxide, but there needs
to be more understanding of the N insertion mechanism using melamine as a precursor. N-doped
graphene is widely recognized for its applications in oxygen reduction reactions (ORR). This study
explored the mechanism of N insertion into graphene layers and investigated the influence of oxygen
in this process. Furthermore, we examined the mechanisms of N doping and desorption at different
temperatures (700, 800, 900, and 1000 ℃). After thermal treatment at 900 ℃ for 2 hours, we assessed
the selectivity of nitrogenated species and their impact on ORR effectiveness. Three types of mate-
rials were analyzed: a raw sample treated at 700 ℃ for 30 minutes, a sample treated at 900 ℃ for 30
minutes, and a sample subjected to sequential treatment first at 700 ℃ for 30 minutes, followed by
heating at 900 ℃ for 2 hours. The total nitrogen content in each sample was approximately 21, 9,
and 8 nitrogen atoms per 100 carbon atoms, respectively. Notably, the samples treated at 900 ℃ had
similar nitrogen and nitrogen species content, but the NP species specifically decreased compared
to the other samples, suggesting a potentially significant role in the activity. Density functional
theory (DFT) calculations were performed to elucidate the O and N variations upon the insertion
mechanisms.
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In recent decades, the excessive use of synthetic pesticides in crop systems has increased, resulting
in ecosystem degradation and severe damage to human health. Currently, the mostcommonly used
methods to determine pesticide concentration are either complex or limited in accessibility, which
would make existing detection methods unsuitable for large-scale applications. Therefore, it is nec-
essary to incorporate simple and portable strategies for separating and preconcentrating the analyte
from complex matrices.
Surface-enhanced Raman scattering (SERS) is a powerful analytical technique that can be used to
detect and analyze molecules at trace levels. SERS is based on the enhancement of Raman scattering
signals that occur when a molecule is in close proximity to certain types of nanostructures, typically
metallic nanoparticles. In complex media, such as environmental samples, food matrices, and biolog-
ical fluids, the detection of trace levels of target analytes using analytical methods can be challenging
due to the interference of matrixcomponents. SERS can overcome these limitations by enhancing
the Raman signal of the analyte, making it possible to detect low concentrations of the target an-
alyte even in complexmedia. To perform SERS analysis in complexmedia, the target analyte must
be separated and preconcentrated to increase the signal-to-noise ratio of the measurement. Sev-
eral techniques have been developed to achieve this, including solid-phase extraction, liquid- liquid
extraction, and membrane filtration. Once the analyte is separated and preconcentrated, it can be
analyzed using SERS. As pre-conditioning techniques can be complicated, this work aims to develop
SERS substrates integrated with portable strategies for separating analytes from complex media, such
as thin layer chromatography and porous or reticulated systems. Gold nanospheres and nanostars
were synthesized using modified Turkevich methods and characterized via STEM and UV-Vis. The
characteristic fingerprint of organophosphate pesticides was determined using substratescontaining
these materials, resulting in enhancement factors of several orders of magnitude.
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Silica spheres are widely used as catalysts, adsorbents, templates and substrates due to their large
specific area and uniformity. In this work, we demonstrate that after low-temperature (≤400℃) heat
treatments of the spheres, their optical response is modified without sintering effects or changes
in their morphology. Initially, colloids of SiO₂ spheres were synthesized by the Stöber method [1].
Several samples with average diameters ranging from 200 to 450 nm were obtained. Each sample
was characterized by X-ray diffraction, and an increase in the crystallite size was observed in some
of them. The reflectance of the spheres was also affected by the heat treatment, with a consequent
effect on the band gap. For example, the sample with 200 nm spheres had a band gap of 5.5 eV before
the treatment and 6 eV after the treatment, presumably due to changes in the porosity composition.
We conclude that the use of low-temperature heat treatment allows the optical band gap to be tuned
without changing the morphology.
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In recent years, the use of colorants has increased in the food industry around the world, unfortu-
nately, some illegal additives were detected. In particular, Rhodamine B and Rhodamine 6G have
been detected in chili products, that is a disturbing situation because these products are part of the
Mexicans daily life and could have negative effects on health. An ideal technique to detect these
additives is the surface-enhanced Raman scattering (SERS) because it is nondestructive, highly sen-
sitive and easy to reproduce. In this study we analyze a chili powder product, which was purchased
in Mexico. We developed two SERS substrate based on Ag nanoparticles (diameter of approximately
40 nm) deposited on a Si wafer by two diferent methods, the first one by Spin Coating and the
second one by a a Teflon ring device. Scanning electron microscopy (SEM) demonstrated that Spin
Coating allowed to have a homogeneous nanoparticles distribution throughout the silicon wafer sur-
face. The Teflon ring device is a novel device that allowed clusters of Ag nanoparticles to be formed.
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Energy-dispersive X-ray spectroscopy (EDS) helped us to verify the information about the SERS sub-
strates composition. We detected Rhodamine B and Rhodamine 6G in the chili powder product by
both SERS substrates. 1225, 1358 and 1479 cm−1 were some of the main signals of Rhodamine B
and Rhodamine 6G that were identified by both SERS substrates. The results showed that the SERS
substrate based on Ag nanoparticles deposited by the Teflon ring device, got a higher and defined
spectrum than the other SERS substrate. This is due to the nanoparticles distribution, clusters al-
lows a greater generation of hot spots than the homogeneous layer of nanoparticles dispersed by
Spin Coating.
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This work presents the results obtained from the synthesis of metallic Au and iron oxide nanoparti-
cles through the laser ablation of a target immersed in different liquid media. Eight samples were syn-
thesized using an Fe2O3 target, four different liquid media (acetone, bidistilled water, isopropanol,
and ethanol), and two different laser intensities (475 and 640 mJ). Additionally, eight samples were
obtained using a gold target and the same liquid media and laser intensities 475 and 710 mJ.
The results obtained from UV-vis spectroscopy Au samples synthesized in water and acetone media
show an absorption maximum (520-550 nm), associated to the plasmonic resonance of this material,
characteristic of small-sized nanoparticles.
TEM micrographs of both materials confirmed the synthesis of spherical nanoparticles. The Fe2O3
samples synthesized in water and ethanol exhibited greater size homogeneity, with a size of ∼50
nm. On the other hand, the micrographs of the gold samples, in accordance with UV-vis, confirmed
that the nanoparticles synthesized in acetone and water had a narrow size distribution and a small
particle size of ∼30 nm.
XPS confirmed the exclusive presence of iron species formed by Fe3+ ions in all samples, thus
ruling out the presence of iron oxides other than Fe2O3. Concentration analysis showed that, be-
sides Fe2O3, the samples contained species with Fe-OH bonds, with the H2O-60 and isopropanol-
synthesized samples having the highest Fe2O3 rate.
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It was possible to synthesize spherical Fe2O3 and Au nanoparticles using the laser ablation of solids
in liquids technique. For Au, the liquid medium appears to have a significant influence on the
size distribution of the synthesized samples, with acetone and water yielding the best results. Con-
versely, the iron oxide samples with the most homogeneous size distribution were those synthesized
in ethanol and water, with the H2O-60 Fe2O3 sample demonstrating the best synthesis yield for this
oxide.
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Dielectric spheres made of polymethylmethacrylate, polystyrene or silicon dioxide, with diameters
ranging from a few to several hundred nanometers, are commonly used as building-blocks of ar-
tificial opals or as templates for inverse opals. In particular, porous silica spheres have also been
proposed as substrates for metal nanoparticles for SERS applications [1] . In this work, we have
explored the effect of size and pore distribution on the optical response of the spheres. We used
the discrete dipole approximation model to study a sphere with cylindrical mesopores. The diame-
ter of the spheres was varied from 200 nm to 500 nm. A wavelength-independent refractive index
of 1.46 was employed. The simulated optical response was compared with that obtained using ef-
fective medium theories. The radiation pressure on the spheres with different porosities is shown.
The behavior of the electric field inside the pores when the latter are occupied by air or water is
also shown. The results are of great importance for the applications of the dielectric spheres as gas
sensors, molecular sensors or carriers.
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Nanoscale semiconductor materials are among the most promising technologies for developing novel
optoelectronic devices. This potential is especially significant when using well-known, highly re-
markable semiconductor materials like those from the III-V family, with indium arsenide (InAs) be-
ing a notable example. InAs, with its direct band gap and high electron mobility at room temperature,
is particularly suitable for integration into nanowire manufacturing for optoelectronic applications
in the near to mid-infrared range. In this study, we present a novel approach to fabricating InAs
nanowires using molecular beam epitaxy (MBE) on Si (111) substrates coated with a monolayer of
graphene. This innovative substrate configuration promotes more uniform nanowire growth, en-
hancing the performance and reliability of the resulting optoelectronic devices. InAs nanowires
were grown by MBE on Si (111) substrates coated with graphene at various temperatures, as well as
on Si substrates without graphene. Structural and microscopic studies were conducted to observe
the presence and distribution of the nanowires on the substrates. High-resolution X-ray diffrac-
tion (HR-XRD) analysis confirmed the presence of crystalline InAs on the surface of the Si (111)
substrates, with reflections corresponding to the 111, 022, and 222. Scanning electron microscopy
(SEM) micrographs provided insights into the morphology and overall distribution of the nanowires.
These studies offer evidence supporting the formation of the proposed nanostructures. Overall, the
growth of InAs nanowires on Si (111) substrates, particularly those coated with graphene, demon-
strates promising structural characteristics and distribution, affirming their feasibility for integration
into optoelectronic devices.
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The increasing demand for polymeric materials in various industries, including packaging, automo-
tive, and electronics, has driven the need for improved mechanical properties in these materials. In
the electrical industry, mechanical fatigue in insulating polymer coatings is a significant concern,
leading to reduced electrical resistivity and potential safety hazards. This research focuses on enhanc-
ing the mechanical response of polydimethylsiloxane (PDMS) coatings, commonly used as electrical
insulators, by incorporating SiO2 nanoparticles synthesized in-situ through the sol-gel method. The
investigation seeks to improve the interaction between polymer chains and nanostructures, thereby
enhancing mechanical properties without compromising hydrophobicity properties. SiO2 nanopar-
ticles were synthesized in both acidic and alkaline media, and PDMS-SiO2 nanocomposites were
prepared using an in-situ sol-gel method. Characterization techniques such as Raman, FT-IR, and
XPS were employed to analyze the physicochemical properties of the nanoparticles and nanocom-
posites. The results revealed distinct morphological and chemical differences between nanoparti-
cles synthesized in acidic and alkaline media. Preliminary mechanical tests on the nanocomposites
demonstrated a significant improvement in tensile strength, particularly in the composite with the
highest SiO2 concentration (PDMS 5-15b). This research contributes to the development of advanced
polymer nanocomposites with enhanced mechanical properties for electrical insulation applications,
addressing the industry’s need for more durable and reliable insulating materials.
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TiO2 layers have been widely used in diverse applications. Some of them can be improved with
the used of nanostructures. For example, in perovskite solar cells, the efficiency is increased if the
TiO2 electron transport layer is nanostructured. In Ti medical inserts, in another hand, the TiO2
layer on top, responsible of the biocompatibility, can also promote osteoblasts proliferation when
nanostructures are present. In both cases, the performance improvement was achieved after the
optimization of the synthesis process and nanostructures characteristics, as will be shown in this
work.
The TiO2 nanostructures were prepared by anodization. For the perovskite solar cells, Ti/FTO/glass
films were placed in the anode and the electrolyte was based on NH4F (1.2 wt %). 30V were applied
during lapses ranging from 3 to 14 min to obtain porous, then sponges and finally nanotubes (TNT).
After annealing at 450℃/4 h, the samples exhibited a TiO2 anatase phase, pore diameters between
27 to 47nm, lengths from 330 to 700nm, a transmittance above 70% and a band gap of 3.30eV. A
perovskite (CH3NH3PbI3) layer and then top Au electrodes were grown to conform the entire solar
cell (Au/perovskite/TiO2/FTO/glass). The efficiency was successfully increased to 11.2 % for sponges
and 12.8% for nanotubes, in comparison to a continuous (3.6%) or porous (8.6 %) TiO2 layer.
For the osteoblast proliferation, Ti/glass films were anodized with different voltages (25 to 45V), times
(1 to 15min) and electrolyte concentrations (3 to 6 wt% NH4F). The samples were annealed at 450℃/4
h. The osteoblast proliferation was effectively increased in more than 50%, when nanostructured
TiO2 layers, in comparison with the normal continuous layer, were used.
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Titanium oxide (TiO2) is a highly relevant multifunctional material due to its catalytic and semi-
conducting properties, low toxicity, and excellent chemical and mechanical stability. In a tubular
nanostructured form, TiO₂ plays an important role in the development of nanosensors. This mor-
phology is crucial for the sensitivity of detection, increasing the surface area, which has an effect
on the charge transfer resistance (Rct). Another strategy to optimize charge transport in TiO₂ is to
reduce electron-hole recombination by doping1. This study investigates the effect of nanotubular
morphology and silver (Ag) doping on the charge transfer resistance of a TiO₂ nanotube nanosen-
sor (TiO₂NTs) designed to detect ascorbic acid. The fabrication of TiO2NTs electrodes involved
a simultaneous synthesis and doping process, whereby a titanium (Ti) foil was subjected to elec-
trochemical anodization, followed by heat treatment. Morphological, compositional and elemental
distribution characterizations were performed by scanning electron microscopy (SEM) and energy
dispersive X-ray spectroscopy (EDS). The electrochemical properties were evaluated by electrochem-
ical impedance spectroscopy (EIS) and cyclic voltammetry (CV). The results demonstrated the forma-
tion of a highly ordered matrix of TiO2NTs, with the presence of Ag distributed uniformly. The EIS
results were approximated to an equivalent circuit [Rs(RiCPEi(RctCPEdl(Wpb)))], resulting in Rct
values of 909, 890, and 500 Ω for the Ti, TiO2NTs/Ti and Ag-TiO2NTs/Ti electrodes, respectively.
In the voltammograms, a null response to ascorbic acid was observed in Ti electrode. In contrast,
the TiO2NTs/Ti and Ag-TiO2NTs/Ti electrodes registered an oxidation peak, which was of higher
intensity in the Ag-TiO2NTs/Ti electrode, this was attributed to higher sensitivity. Both tubular
morphology and Ag doping have a favorable effect on sensitivity enhancement in TiO2 nanosen-
sors
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The investigation of quantum coherence in nanostructures is a vital area of research with significant
implications for the development of quantum information, communication, and sensing technolo-
gies. Traditionally, studies have focused on coherent tunneling phenomena within a limited set of
quantum nanostructures, such as quantum dots or rings, resulting in the formation of delocalized
molecular states with strong electron and hole coupling. These interconnected quantum dots and
rings, acting like artificial molecules, show promise for the creation of quantum gates through coher-
ent coupling, thereby forming the basis for essential components in quantum technologies.

In this presentation, we will discuss our latest theoretical advancements in nanowire coupling. Specif-
ically, we focus on the coherent transverse coupling within three-dimensional arrays of closely
packed, vertically aligned nanowires. These nanowires exhibit a discontinuous charge distribution
along their axial direction, which has allowed us to observe significant redistribution of carrier pop-
ulations across various excited states within the array.

In addition to our theoretical work, we are actively involved in developing actual prototypes us-
ing cutting-edge epitaxial growth and nanowire self-assembly techniques. While the fabrication
of these prototypes is still underway, this effort is a crucial step toward validating our theoretical
predictions in practical settings. Successfully creating these prototypes will not only deepen our
understanding of quantum coherence in nanostructures but also pave the way for advancements in
quantum computing and sensing technologies.
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Carbon quantum dots are a type of 0D spherical nanomaterials with different types of properties
such as chemical stability, biocompatibility, low toxicity, modulable band gap, photoluminescence,
electrochemical, and heteroatomic doping. These properties have allowed these nanomaterials to
be used in different kinds of applications such as in vitro and in vivo cellular imaging, fluorescent
sensors to different analytes, drug delivery, anticancer therapy, and solar cell technology. In this
work, we employed a novel microwave-assisted synthesis method to produce nitrogen and boron co-
doped carbon dots. To achieve optimal synthesis, we conducted a parameter modulation, combining
synthesis temperatures, times, and precursor concentrations, while keeping the power constant at
150 W and pH 5, where 120 ºC, 3 min, and a precursor concentration of 1 mg/mL were found as
optimal. Characterization with FE-SEM revealed these CDs to have a spherical morphology with
an average size of 10.9 ± 3.38 nm. Further HR-TEM showed an interplanar distance of 0.23 nm,
which is in line with prior findings of CDs that present a 0.21 nm distance corresponding to the
(100) plane of graphite. UV–vis absorption showed distinct π–πand n–π transitions. Fluorescence
spectroscopy highlighted an emission peak at 375 nm when excited at 295 nm, achieving a quan-
tum yield of 56.7%. FTIR and Raman spectroscopy analyses confirmed the boronic acid and amine
groups’presence, underscoring the graphitic nature of the core and the co-doping of boron and nitro-
gen. These empirical observations were compared with theoretical investigations through simulated
Raman spectra, proposing a potential structure for the CDs. XPS further endorsed the co-doping of
nitrogen and boron, along with the detection of the specified functional groups. All these character-
istics could lend this nanomaterial to different types of applications such as fluorescent probes for a
broad range of analytes and fluorescent cell imaging.
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High-index substrates have long been of interest due to their surface physical properties. For exam-
ple, GaAs (n11) surfaces with n = 1, 2, 3, ⋯have provided promising results in solar cells demon-
strating higher efficiency, terahertz devices, and have been employed in heteroepitaxial growth on
GaN.
In this work, we focused on the investigation of growing AlGaAs/GaAs heterostructures on GaAs
(811) substrates. The (811) surface can be seen as composed of narrow terraces of the crystal plane
(100) with a width of 1.6 nm. Reflection high-energy electron diffraction (RHEED) patterns exhibit
split streaks with the characteristic symmetry of the (100) surface, misoriented by an angle of 10°
with respect to the [100] direction.
Heterostructures growth was performed using an MBE Riber C21 system. By varying the tempera-
ture range and V/III flux ratio, we explored changes in the characteristics of the epitaxial layers.
Atomic force microscopy (AFM) showed that during the growth of GaAs on (811) substrates, surface
morphology can vary significantly depending on specific growth parameters, yielding either flat sur-
faces or surfaces that exhibit macroscopic faceting. After the homoepitaxy process, AlGaAs/GaAs
quantum well (QW) structures were grown at a very high substrate temperature (Tg = 680℃).
AFM images showed the formation of facets up to 10 µm in length. The photoreflectance spectrum
of the QW structure was dominated by optical interference. By performing FFT filtering, a better
spectrum was obtained, allowing us to clearly observe electronic transitions in the QWs. Further
results on the characterization of these structures will be shown and discussed.
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In this work, we have grown AlGaAs/GaAs quantum wells using Molecular Beam Epitaxy (MBE)
on high-index GaAs substrates. We performed a comprehensive study of the structures employing
a variety of characterization techniques. AlGaAs layers, serving as barrier materials, are crucial for
confining electrons within the GaAs quantum well region. This confinement is essential for the func-
tionality of GaAs-based heterostructure devices, including Quantum Well Infrared Photodetectors
(QWIPs) and double-heterostructure laser diodes, which operate in the red to near-infrared spec-
trum (700–1100 nm).
To understand the electronic structure and energy levels of the quantum wells, we solved the Schrödinger
equation, providing insights into the quantum states and their respective energy levels.
For optical characterization, we employed photoluminescence (PL) and photoreflectance (PR) spec-
troscopy. PL measurements allowed us to probe the emission properties and confirm the quantum
well’s energy levels, while PR spectroscopy provided information on the electronic transitions and
optical properties of the quantum wells.
Raman spectroscopy was used to analyze the vibrational modes within the quantum wells, offering
valuable data on phonon interactions and Al composition. Additionally, atomic force microscopy
(AFM) was utilized to assess the surface morphology and measure the root mean square (RMS) rough-
ness of the quantum wells, which is critical for understanding the surface quality and its impact on
device performance.
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Aluminum, a reactive metal, rapidly reacts with oxygen to form a protective aluminum oxide layer.
It has three electrons in its valence shell, allowing it to form oxidation states of Al+1 and Al+2, with
Al+3 being the most stable oxidation state.

Film deposition of metallic aluminum (99.99% pure aluminum pellets from Sigma Aldrich) through
thermal sublimation under ultra-high vacuum conditions was done on silicon substrates (100). The
background pressure in the processing chamber was 1.5×10-7 Torr and the pressure during subli-
mation was 6.5×10 6 Torr. The initial oxidation stages were achieved by exposing the surface to
a precisely controlled ultra-pure oxygen atmosphere with varying gas dosages from 1 ×103 L to
1×107 L (1 L ≡ 1×10 6 [Torr][s]). The metallic and oxidized film was characterized using an X-ray
photoelectron spectroscopy (XPS) instrument with a monochromatic source (1487.6 eV, XR5 from
ThermoFisher) and a 7-channeltron hemispherical spectrometer (Alpha110, from ThermoFisher) as-
sembled by Intercovamex.

Robust analysis techniques for peak fitting ARXPS data from Al 2p and O 1s, including the block
approach and simultaneous fitting, as well as background modeling with the active approach, Shirley-
Vegh-Salvi-Castle (SVSC), and the Two-Parameter Tougaard background 1, were employed to deter-
mine the chemical composition and surface structure during the initial stages of oxidation of pure
metallic aluminum samples. It was observed that the layer oxide growth model incompletely repli-
cates the behavior seen in ARXPS spectra, whereas the growth behavior of oxides through protru-
sions with aluminum sub-oxides does. The oxidation of metallic aluminum involves the formation
of an Al+3 oxide layer along with deep protrusions and an Al+1 and Al+2 interface layer between
the metallic aluminum and the protrusions.

Keywords:

Photoemission Spectra, Chemical Composition, Peak Fitting

Reference:

1 A. Herrera-Gomez, M. Bravo-Sanchez, O. Ceballos-Sanchez, M.O. Vazquez-Lepe, Practical methods for
background subtraction in photoemission spectra, Surf. Interface Anal. 46 (2014) 897–905.

This work was supported by:

This work was partially financed by Proyecto Fronteras 58518, Conahcyt, Mexico.

Author approval:

I confirm

Author will attend:

I confirm

PLASMA AND VACUUM / 23

THEASYMMETRICSHAPE INPHOTOEMISSIONSPECTRA:THE
EXPERIMENTAL POINT OF VIEW

Page 155

https://pub.mdpi-res.com/nanomaterials/nanomaterials-13-02753/article_deploy/html/images/nanomaterials-13-02753-ag.png?1697114842
https://pub.mdpi-res.com/nanomaterials/nanomaterials-13-02753/article_deploy/html/images/nanomaterials-13-02753-ag.png?1697114842


XVII-ICSMV / Book of Abstracts

Author: Dulce-Maria Guzman-Bucio1

Co-authors: Dagoberto Cabrera-German 2; Abraham-Jorge Carmona-Carmona 1; B. Vincent Crist 3; Alberto
Herrera-Gomez 1

1 Centro de Investigacion y Estudios Avanzados (CINVESTAV) unidadQueretaro
2 Universidad de Sonora
3 The XPS Library

Corresponding Author: dulce.guzman@cinvestav.mx

The main peak of most of the p, d, and f X-ray photoemission spectra from transition metals exhibit
an asymmetry that extends towards the high binding energy side. This asymmetry is observed also
in some oxides. The asymmetry in peaks of photoemission spectra arises from a non-symmetric
distribution of the final states of the core hole. These states can be related to multiplet components
or to transitions of Fermi-level electrons.
We analyzed the 3d photoemission spectra of the 5th -period elements (from Rb to In), modeling the
asymmetries with a Double-Lorentzian (DL) line shape. The DL line shape closely reproduces the
asymmetries, and the asymmetry parameter exhibits a clear trend across the 5th period elements.
For instance, there is a significant difference in the DL parameter between the two 3d branches for
elements with an empty 4d band (Rb and Sr). In contrast, for elements with a partially or completely
filled 4d band, this difference is smaller. Additionally, the DL parameter is lower for elements with a
half-filled (Mo [Kr]5s1 4d5), almost filled (Ru [Kr]5s1 4d7 and Rh [Kr]5s1 4d8) or completely filled 4d
band (Ag [Kr]5s1 4d10, Cd [Kr]5s2 4d10, and In [Kr]5s1 5p1) compared to those with an empty (Rb
[Kr]5s1 and Sr [Kr]5s2), less than half-filled (from Y [Kr]5s2 4d1, Zr [Kr]5s2 4d2, and Nb [Kr]5s1 4d4),
or completely filled 4d band (Pd [Kr]4d10). These results also suggest a possible relation between
the d valence electrons and the physical origin of the asymmetric shape.
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The effect of cascade excitations of Fermi-level electrons on the lineshape of photoemission spectra
was treated by Doniach and Sunjic (DS) in 1970.1 Their derived lineshape has many issues such as
its lack of integrability and failure to closely reproduce experimental data.2 We analyze this prob-
lem using a formalism rooted only in the basic quantum mechanics of resonances with a minimalist
diagrammatic veneer to categorize the many-body of processes (Tougaard losses, plasmons/hole-
shielding, multiplet structure, and perhaps the Shirley background). The accounting for these pro-
cesses can be done with varying levels of rigor, from simple consideration of energy scales, oscillator
strengths, and couplings, through to ab initio calculations of matrix elements. A density-matrix for-
mulation in the many-body space can be applied to remove spurious interferences of states that
have ill-defined/incoherent relative phases (differ from shot to shot, due to pulse noise, sample inho-
mogeneities, temperature, etc.). In our work, we will apply the simplest level of semi-quantitative
analysis to propose possible alternatives to the problematic DS lineshape. For example, an inco-
herent superposition of exponential decays in time yields a lineshape that is asymmetric but inte-
grable.

1 S. Doniach and M. Šunjic, “Many-electron singularity in X-ray photoemission and X-ray line spec-
tra from metals,”Journal of Physics C: Solid State Physics 3, 285–291 (1970).

2 A. Herrera-Gomez, D.M. Guzman-Bucio, A.J. Carmona-Carmona, O. Cortazar-Martinez, M. Mayorga-
Garay, D. Cabrera-German, C.A. Ospina-Ocampo, B.V. Crist, and J. Raboño-Borbolla, “Double Lorentzian
lineshape for asymmetric peaks in photoelectron spectroscopy,”Journal of Vacuum Science & Tech-
nology A 41(4), (2023).

3 A. Herrera-Gomez, D. Cabrera-German, A. D. Dutoi, M. Vazquez-Lepe, S. Aguirre-Tostado, P. Pi-
anetta, D. Nordlund, O. Cortazar-Martinez, A. Torres-Ochoa, O. Ceballos-Sanchez, and L. Gomez-
Muñoz, “Intensity modulation of the Shirley background of the Cr 3p spectra with photon energies
around the Cr 2p edge,”Surface and Interface Analysis 50, 246–252 (2018).
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X-ray Photoelectron Spectroscopy (XPS) is renowned for its acute sensitivity to surface character-
istics, which enables detailed quantitative analysis of the elemental and chemical state of surface
layers up to approximately 10 nanometers deep. XPS is extensively employed across various indus-
trial and academic settings due to the widespread availability of commercial systems that facilitate
comprehensive quantitative studies.
The precision of quantitative XPS analyses hinges on the meticulous fitting of emission peaks and the
accurate extraction of their intensities from spectral data, which are critical for correctly determining
the sample’s chemical makeup. However, this process is complicated by the lack of a unified method
within the XPS community for calculating surface compositions, with prevalent studies often mises-
timating the areas under the emission peaks. The misinterpretations of the data are exacerbated by
the extended use of flawed modeling approaches and merely qualitative quantification methods like
sensitivity factors and maximum entropy models.
In this study, we present a computational tool that implements the multilayer method (MLM). It
is based on databases containing key physical parameters, including photoelectron cross sections,
effective electron attenuation lengths, and take-off angles. The analysis is tailored to each elemental
species, which significantly refines the precision of structural parameter uncertainties.
We demonstrate the effectiveness of this method by accurately replicating the chemical compositions
of several first-row transition metal oxides, such as ferric oxide〖Fe〗(2.00±0.05) O_3 1, cobalt in cobalt
spinel 〖Co〗_3 O(4.0±0.25) [2] and zinc oxide 〖ZnO〗_(1.00±0.10) [3]. These examples highlight
the usefulness of the software and its potential to advance research in materials science.

1 Bravo Sanchez, M., Huerta-Ruelas J.A., Cabrera-German D., Herrera-Gomez A. Composition assess-
ment of ferric oxide by accurate peak fitting of the Fe 2p photoemission spectrum. Surf Interface
Anal. 2016;49:253-260. https://doi.org/10.1002/sia.6124
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The XPS equipment at the Laboratorio de Procesamiento y Caracterización de Nanopelículas (LPCN)
at Cinvestav-Querétaro, is one of the oldest XPS pieces of equipment that still provides high-quality
data. Besides basic issues such as keeping it clean and employing a low base pressure (in the 10-10
Torr range), two of the reasons that have kept this equipment competitive are the following:
1) Alignment. The equipment is carefully aligned to coincide the waist of the (monochromatized)
X-ray beam with the waist of the spectrometer analysis volume 1. The method for the alignment is
discussed in this paper.
2) Spectrometer mode. Instead of the ARXPS mode of the spectrometer, which has a small angular
acceptance, we employ a wide angular acceptance mode even for angle-resolved studies. The reason
why this does not affect the angular resolution is discussed in this paper. The wide angular accep-
tance mode results in two orders of magnitude more counts, providing enough statistics.
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In this work we will show the fit of some of the transition metals of the sixth period, using the
Double Lorentzian line shape, specifically the 4f orbitals with their two branches 7/2 and 5/2 and
the background used will be the Shirley-type background (SVSC). The fits were performed with the
AAnalyzer© software and shared on the web at the https://xpsoasis.org/ platform. The use of the DL
line shape has allowed us to perform high-quality fits in addition to reducing the number of peaks
used for each fit, simplifying the analysis process. The DL line shape very accurately models the main
peak in all fits, but it was observed that it is always necessary to supplement it with an additional
component. The DL line shape is a great alternative for fitting asymmetric spectra compared to the
Doniach-Šunjić and Mahan profile which usually do not capture the line shape as well when using
an energy range higher than 3 eV, such as when fitting both spin-orbit splitting peaks for p, d and f
orbitals, as well as not being integrable. The use of AAnalyzer© software in combination with the
DL line shape allowed the resolving overlapping peaks that are not obvious to the naked eye as in the
case of Os 4f where the satellites overlap with the 5p component. this phenomenon is also present
in the spectra of W4f and Re 4f.
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Carbon layers of different thicknesses were evaluated as protective layers on titanium to prevent
metal oxidation. Titanium films (99.95% purity) 100 nm thick were deposited on Si (100) in a high-
vacuum magnetron sputtering system with a working pressure of 5 mTorr. A Pinnacle source with
150 Watts and 20 kHz was used. The target contained surface oxide which was deposited on the
substrate. With each deposition, the surface of the target became increasingly metallic, eventually
enabling the formation of ultra-thin films of pure Ti. Carbon layers were deposited with a secondary
sputtering magnetron with a 99.99% pure carbon target. All the samples were studied by X-ray
photoelectronic spectroscopy (XPS). The XPS instrument has a 1486.7 eV Al K� monochromatic
source, and a 7 channeltron hemispherical spectrometer (Alpha110). The objective of the study is to
find the thinnest carbon film that completely prevents the oxidation of titanium when exposed to
atmospheric conditions for one month. These samples are required for synchrotron studies of the
Shirley background of photoemission spectra of titanium core levels.
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An automation system was designed and implemented, using ARDUINO, that allows us to contin-
uously measure the environmental conditions and know the corresponding dew point at which we
will obtain condensed water in the collection system. Specifically, this system uses a copper plate in
good thermal contact with a Peltier cell. From the temperature and humidity obtained with a DHT11
sensor, and using a calibration curve that related the voltage and temperature of the surface of the
Cu plate, the ARDUINO program determined the voltage needed to adjust the temperature to the
dew point. The system is intended to regularly send to the power supply, or temperature controller,
a signal to adjust the voltage on the cell and thus, managing to maintain the optimal conditions
to constantly condense the water under any external conditions. In this regard the project aims to
propose an alternative to facilitate the adjustment of parameters that may be constantly changing
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when there is no isolated or controlled system and is required a continue adaptation to get favourable
results, in this case, improve the quantity of water collected in a specific time.
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Sputtering Yield Amplification (SYA) is a phenomenon involving the modification of collision cas-
cades induced by momentum transfer on a target’s surface through the addition of heavy dopant
atoms. This process enhances the emission of target atoms, typically lighter than the dopants. In
our study, we employed small pieces of three doping materials (Ta, Mo, and Cu) to generate individ-
ual film deposits, from which atoms are expelled and returned to the surface of the Si target. Using
Optical Emission Spectroscopy (OES), we analyzed the intensity of emission lines from both neutral
and ionized species within the sputtering plasma in situ. This data provided real-time insights into
the behavior of the SYA phenomenon. Furthermore, we compared these results with an SYA exper-
iment using five small pieces of different doping materials (Cu, Ti, Mo, Ta and C) simultaneously,
employing the OES technique.
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The surface temperature of a 2”diameter water-cooled titanium target was measured, using an electri-
cally floating fine, 0.005”wire, type K chromel-alumel thermocouple, during sputtering as a function
of the DC plasma power (power densities of 1.0, 2.2 and 4.1 W/cm2) and gas pressures of 10 to 60
sccm. The temperature difference between the centre of the target and inside the racetrack was
more than 200 oC, the racetrack temperature increased almost linearly with the applied power to a
maximum value of �850 oC.
The target temperature measurements were also carried out as a function of the N2 gas concentra-
tion in the Ar gas mixture (1 to 20%), and these measurements were complemented with the analysis
of the elemental composition of the deposits prepared under the different conditions.
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The Sputtering Yield Amplification, SYA, phenomenon discovered by S. Berg in 1996. Consists of
increasing the sputtering yield value by doping the target surface with generally heavier elements;
modifying the collision cascade, promoting the increase in the number of deposited atoms on the
substrate. However, there are cases in which certain combinations of elements do not produce SYA,
in the case of Si, there is an increase of deposition with Ta and, not a change with Ge. In DC
magnetron sputtering, after the expulsion of atoms from the target, they undergo potential elastic
collisions with neutral gas atoms and, even fewer inelastic collisions with energetic electrons when
traveling through the gaseous phase. If the energy transferred from the collision with the particle is
sufficient, it will change its state into an excited one, resulting in the emission of radiation. Study of
these spectra can be achieved by Optical Emission Spectroscopy, OES. The decrease or increase of the
line intensity gives an approximation of the presence of atoms deposited on the substrate, suggesting
insights into the interaction between the sputter atoms inside the plasma in function to the chamber’
s pressure. Given the above, the following work compares with OES the intensity of the spectral
lines from excited species of Ar, Ge, Si, and Ta, during the process of DC magnetron sputtering
when performing SYA of Si using Ta and Ge as doping elements. The results showed an increase in
the intensity of the spectral line of Si on the racetrack when using Ta, contrary to Ge where the Si
intensity didn’t change significantly. Simulations using the binary collision by Monte Carlo software,
SIMTRA, were performed for the analysis of the spatial distribution of the redeposited atoms on the
target to contrast the intensity increase results with the theoretical redeposition.
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Neodymium oxide is a material highly used in different applications fields, such as, optoelectronics
and biomedical.
Pulsed laser deposition (PLD) was used as a synthesis method to grow thin films at different pressures,
going from 2x10−5 Torr to 1x10−2 Torr. For the experiments, a 2 inches neodymium disk was used
as target. It was ablated with a pulsed Nd:YAG laser emitting at 1064 nm with an energy per pulse of
190 mJ. Experiments were carried out in vacuum and in oxygen/argon background gas. To control
the plasma parameters a Langmiür planar probe was used.
The obtained neodymium oxide thin films were analized optically and structurally to evaluate the
pressure effect in the chemical grow mechanism.
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Semiconductor materials by nature have high optical transparency and are good electrical insulators,
but we can improve their properties through some impurification or also called doping, obtaining
materials with high optical and electrical transparency. Transparent conductive oxides or also called
TCO’s are electrically conductive materials with high optical transparency. They are used in a variety
of applications, particularly for flat screens, solar cells, etc.⋯The most used TCO is ITO or also
called indium-doped tin oxide, however, indium is a rare element on Earth. For this reason, in
this work we took on the task of studying the optical and electrical properties of zinc oxide doped
with aluminum or AZO in order to obtain properties similar to ITO and thus propose it for these
applications. 5 samples were synthesized, using the laser ablation or PLD technique, ablating two
targets simultaneously under an oxygen atmosphere, keeping the Zn plasma constant and varying
the Al plasma with the support of a Plasma diagnostic technique such as the Langmuir probe and
commercial conductive FTO and ITO glasses were used for this study. This work presents a study
on the optical and electrical properties of aluminum-doped zinc oxide thin films in contrast to other
popular transparent conductive oxides such as FTO and ITO. The films were analyzed by UV-Vis
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spectroscopy and subsequently the electrical resistance of the films was measured using the four-
point technique to calculate their resistivity, subsequently the film with the best properties was
chosen and contrasted with those of the FTO and the ITO. The results showed that AZO presents
the best optical and electrical properties compared to the other two oxides with a transparency of
93% and a resistivity of 1.6x10-6 Ωm. With this we can say that AZO can be considered for the
manufacture of different electronic devices.
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Thin films were deposited from the ablation in vacuum of a bulk BaTiS3 perovskite target with a
Nd:YAG laser emitting at 1064 nm with 10 Hz repetition rate and 6 ns pulse duration. The output
energy per pulse of the laser is 750 mJ. However, for the present experiments, the energy was at-
tenuated by the use of a polarizing beam attenuator in order to change the energy density (fluence)
incident on the target.
Thin films were deposited on glass substrates at 4 different fluences: 15.2, 8.1, 4.1 and 2.7 J/cm2. The
laser produced plasmas were diagnosed by means the of time of flight curves obtained from planar
Langmuir probe measurements in order to estimate the ion mean kinetic energy and density. It was
found that ion density remained constant for increasing fluence. The mean kinetic ion energy was
calculated considering both Ba and Ti positive ions and it was found that the energy increases with
fluence.
The obtained films were structurally characterized by XRD where an amorphous structure was re-
vealed regardless the fluence. Optical characterization was carried out by means of UV-Vis spec-
troscopy. The films showed transmittance values in the range of 60-80 % for 600-1100 nm without
a clear dependence on fluence, however, the estimated band gap from Tauc plots, shows a trend to
increase with increasing fluence, having values between 2.76-2.98 eV. Finally, the chemical compo-
sition and oxidation states were studied by means of XPS.
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Hafnium-based materials have been crucial in electronic devices in the last few years. Current chal-
lenges are species migration and the growth of an interfacial layer (mainly after annealing), both
hindering device performance. Nitridation is a possible solution. ARXPS provides non-destructive
depth profiling information, offering valuable insights to understand the nitridation mechanism.
Using angle-resolved X-ray photoelectron spectroscopy, we characterized and explored the interface
layer in HfO2/Si nanofilms before and after nitridation achieved through remote plasma. Hf 4f, Si
2p, O 1s, C 1s, and N 1s spectra were acquired at various plasma power levels (500 W-2500 W). We
identified the peak components using advanced tools for spectral analysis, such as the Active Back-
ground and Simultaneous Fitting Approaches, both encompassed in the AAnalyzer®. By using the
MultiLayer Method it was possible to assess the structure and composition, including undertainties,
of the multilayered nanofilms.1
The growth of hafnia on silicon causes the formation of a high hafnium content silicate interfacial
layer with a thickness of ~5 Å. Nitridation causes changes in composition in both the hafnium and sil-
icate layers. HfO2 and HfO2-xNx coexist with the thickness remaining without significant changes.
Hf1-wSiwO2 and Hf1-vSivO2-zNz coexist in augmented layer; this increment is due to residual oxy-
gen in the plasma and exhibits a saturation behavior. The generation of a monolayer (~3 Å) of Si2+-N
at the interface was observed; the electrical dipole of this structure causes a shift of ~0.2 eV to lower
binding energies in the Hf 4f, O 1s, and C 1s spectra.

Keywords:

XPS, Nitridation, interface, HfO2/Si

Reference:

1 A. Herrera-Gomez, D.M. Guzman-Bucio, M. Mayorga-Garay, O. Cortazar-Martinez, Angle resolved
x-ray photoelectron spectroscopy assessment of the structure and composition of nanofilms—including

Page 167

https://pub.mdpi-res.com/nanomaterials/nanomaterials-13-02753/article_deploy/html/images/nanomaterials-13-02753-ag.png?1697114842
https://pub.mdpi-res.com/nanomaterials/nanomaterials-13-02753/article_deploy/html/images/nanomaterials-13-02753-ag.png?1697114842


XVII-ICSMV / Book of Abstracts

uncertainties—through the multilayer model, Journal of Vacuum Science & Technology A 41 (2023).
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High Entropy Alloys, HEA, since their introduction in 2004 by Yeh and Cantor have been seen to
have superior properties to conventional metallic alloys. In recent years efforts have been made to
develop HEAs with beneficial properties for the industry. For example, increased hardness, wear,
and temperature resistance. In the present work, we studied the synthesis of a Multi-Elemental Al-
loy, MEA/High Entropy Alloy, HEA, of CCuMoTiTa deposited using the DC magnetron sputtering
technique. A HEA with these materials has not been reported in the literature, therefore, it is ex-
pected that it might have new and different properties. The synthesis was carried out by adding
small pieces of the different elements onto the racetrack of a 4”Ti target. After deposition, the films
were annealed for one hour at 800℃ using an Annealsys Rapid Thermal Processing (RTP) system.
The samples were characterized by RAMAN spectroscopy, Rutherford Backscattering Spectrometry
(RBS), X-ray photoelectron spectroscopy (XPS), Scratch testing, and X-ray diffraction (XRD). The
XRD and RAMAN measurements showed that the films had a crystalline structure, before and after
annealing. In addition, they contained a mixture of oxides, mostly rutile. With XPS, the bonding
of most elements with oxygen atoms was observed. The composition was studied using the RBS
technique with a 1.5 MeV protons beam. Finally, with the Scratch testing, the critical loads, Lc1 and
Lc2, of the deposited films before annealing were determined.
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In this experimental study, the focus was on characterizing the plasma generated during the produc-
tion of ZrO₂-Ni films using a Co-Sputtering system. The primary objective is to analyze the plasma
through optical emission spectroscopy (OES) to identify the density of emitted species (ions and
electrons), the electron temperature, and to correlate these characteristics with the structure and
chemical composition of the resulting coatings. The ZrO₂-Ni coatings were deposited using a pulsed
RF-DC Co-Sputtering system, with variations in the working pressure and discharge power of the
two sources (RF and DC). Argon was employed as the gas to generate the discharge once the working
pressure of 10⁻³ mbar was achieved. Optical characterization was performed using a spectrometer
equipped with a 400 lines/mm diffraction grating. The structure of the coatings was analyzed us-
ing X-ray diffraction (XRD), and the chemical composition was determined via energy-dispersive
X-ray spectroscopy (EDX). This analysis aids in improving the synthesis process of ZrO₂-Ni films
for solid oxide fuel cell applications, offering a deeper understanding of the relationship between
plasma characteristics and the quality of the deposits.
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composition and plasma generated in the synthesis of TiAlTaN-
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The aim of research is to evaluate how the nitrogen flow in a HiPIMS system affected plasma and
microstructural characterization during the deposition of TiAlTaNbZrN. First, the synthesis con-
ditions for producing the TiAlTaNbZr metallic coatings were optimized by varying the pressure
and substrate bias in orden to identify the best conditions in terms of FCC structure (using X-Ray
Diffraction (XRD)) and adhesion (using Scratch Test). Subsequently, TiAlTaNbZrN coatings were
deposited varying nitrogen flows, and simultaneously the plasma parameters were studied using
Optical Emission Spectroscopy (OES). Lastly, the results of plasma characterization were correlated
with the microstructure and chemical composition of the films deposited, using XRD for determin-
ing crystalline structure and Energy Dispersive Spectroscopy (EDS) for determining the elemental
concentration.
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Silver nanoparticles were deposited on glass substrates by means of PLD. Two fluence values were
used for the experiments, 2.5 and 8.3 J/cm2. Four films were grown for each fluence changing the
number of pulses (300, 600, 900 and 1200 pulses). The laser produced plasmas were diagnosed by
means of Langmuir probe measurements, from which time of flight curves (TOF) were obtained.
Mean kinetic ion energy and density were calculated form TOF curves. The ion density was fixed at
6 x1013 cm-3 while the mean kinetic ion energy changed from 162 eV for 2.5 J/cm2 to 254 eV for 8.3
J/cm2.

The nanostructured thin films were optically characterized by UV-Vis spectroscopy, from which the
well known signal of surface plasmon resonance absorption near 400 nm was observed for all the
samples. The analysis of the absorption band, revealed that signals corresponding to samples grown
at 8.3 J/cm2 are narrower than those of the samples grown at 2.5 J/cm2, indicating a lower size
dispersion when using higher fluence, however the absorption maximum is much higher for samples
grown with low fluence, which is related to particle density, which means that lower fluence allows
deposition of a higher number of nanoparticles. On the other hand, the peak position shifts to higher
wavelengths as fluence decreased, which indicates that nanoparticles deposited with higher fluence
are smaller. Regarding number of pulses, for both fluence values, an increase of the absorbance
maximum with the number of pulses was observed, revealing the increase of nanoparticles density
deposited in the glass substrates. Finally, representative samples were measured by AFM, which
corroborated the results from UV-Vis.

Keywords:

Pulsed Laser Deposition, Ag nanoparticles, Fluence, surface plasmon resonance absorption

Reference:

Does not apply

This work was supported by:

Universidad de Guadalajara, Conahcyt

Author approval:

I confirm

Author will attend:

I confirm

RENEWABLE ENERGY / 247

Ciprofloxacin degradationusingBiVO4 chemicallymodifiedwith
low amounts (0.1-1wt) of Rubidium
Author: Gloria Isabel Siller-MonroyNone

Co-author: Issis C: Romero-Ibarra 1

1 UPIITA-IPN

Corresponding Author: isabesill@gmail.com

Nowadays safe water access is decreasing due to many factors as demographic explosion and wa-
ter pollution. Among the principal water pollutants, there is the pharmaceutical compounds, e.i.
ciprofloxacin, which after human consume, it is integrates to water as contaminant agent. This
research is a contribution toward materials development for chemical compounds remotion. In
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this work, BiVO4 chemically modified with Rubidium at different concentrations (0.1-1%) were syn-
thetized by hydrothermal synthesis method. The present work explores the influence of Rubidium
in BiVO4 lattice and their photocatalytic activity. Catalysts powders were obtained in one-pot
hydrothermal method, and characterized via X-Ray diffraction, Fourier-Transform Infrared spec-
troscopy, N2 adsorption-desorption test, UV-Vis-NIR spectroscopy and X-Ray photoelectron spec-
troscopy. As results, for concentrations of 0.1 and 0.5% Rb on BiVO4, the photo-degradation of
ciprofloxacin evaluated via UV-Vis spectroscopy reach to be more than 58% in 4 hours with rubid-
ium implementation samples, compared with 48% of CIP degradation in 4 hours with pure BiVO4.
The influence of synthesis parameters in the physical and chemical properties is discussed.
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CdS is an n-type semiconductor typically used in CdS/CdTe solar cells as window material due to
high optical transparency, wide band gap (2.28-2.50 eV), manipulable thickness less than 100 nm, low
temperature deposition process (< 75 ºC) and compatibility with several kind of substrates. Usually,
CdS is deposited by chemical bath deposition (CBD) technique, which is a simple and inexpensive
solution-based process1. The chemical reactions are influenced by thermal transfer, in consequence,
parameters as deposition time and growth ramp, as well as CdS ultra-thin film physical properties
are modified on dependance of temperature indicator controller. An On-Off temperature indicator
controller provides a ± 2℃ temperature variation range, with lesser water volume glass-container;
while thermostatic temperature indicator controller provides a ± 0.1℃ temperature variation range,
with bigger water volume polymer-container. Optimal growth parameters were obtained to control
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the thickness value in a range from 30 nm to 120 nm on dependance of several applications, includ-
ing deposition of CdS ultra-thin films window material applied to CdTe solar cells. Moreover, the
ability of doping during CdS in-situ CBD process could lead to a potential optimization in device
performance and will allow the development of other novel structures, including some ternary com-
pounds. CdS thin films was grown by On-Off and thermostatic chemical bath deposition technique
(CBD) on FTO (SnO2:F) substrate at 75℃ with different deposition time. The CdS by in-situ CBD
process uses CdCl2 (0.1 M), SC(NH2)2 (0.3 M) as precursor solutions, and NH4Cl (0.2 M), NH4OH
(2 M) were used to promote the formation of complex compounds. Comparison of some physical
properties was studied, including optical, morphological, and structural properties.

Keywords:

CdS, CBD, CdTe solar cells, CdO, thermostatic

Reference:

1 J.M. Flores-Marquez, M.L. Albor-Aguilera, et al, Improving CdS/CdTe thin film solar cell efficiency by
optimizing the physical properties of CdS with the application of thermal and chemical treatments, Thin
Solid Films 582 (2015) 124-127. http://dx.doi.org/10.1016/j.tsf.2014.10.070

This work was supported by:

SIP 20240539, 20240550, 20240551 and 20240552 from IPN. JMFM and CHV are grateful to CONAHCyT-
México, JMFM gratefully to AR Andrade-Plata and DD Martínez-Vergara for his participation in this
work.

Author approval:

I confirm

Author will attend:

I confirm

RENEWABLE ENERGY / 270

The Influence of Argon Deposition Pressure on LiMn2O4 Thin
Film Electrochemistry for Li-Ion Batteries
Author: Fabian Ambriz Vargas1

Co-authors: Raquel Garza Hernandez 1; Jose Salvador Martinez Flores 1; Francisco Aguirre Tostado 2; Eduardo
Martínez Guerra 3; Manuel A. Quevedo-López 4

1 Centro de Investigaciones en Optica
2 Cimav, Unidad Monterrey
3 Centro de Investigación en Materiales Avanzados S. C., Subsede Monterrey
4 The University of Texas at Dallas

Corresponding Authors: fambriz@cio.mx, rgarza@cio.mx

Advances in battery technology can lead to longer-lasting devices, cleaner energy storage, and more
efficient transportation systems. LiMn2O4 is a suitable cathode material for high-capacity Li-ion
batteries. Hence, it is crucial to comprehend the impact of sputtering deposition conditions on the
quality and performance of LiMn2O4 to optimize battery efficiency. This research investigates the
influence of argon deposition pressure on the stoichiometry characteristics and electrochemical per-
formance of LiMn2O4. The physicochemical and electrochemical results reveal that varying argon
deposition pressures, ranging from low (5 mTorr) to high (30 mTorr), result in the formation of dis-
tinct coating stoichiometries. An argon deposition pressure of 10 mTorr led to the formation of
group I, which included stoichiometric LiMn2O4 cathode coatings with the highest discharge capac-
ity (105 mAh/g). On the other hand, using small (5 mTorr) and high (20-30 mTorr) argon deposition
pressures led to the formation of group II, which included non-stoichiometric LiMn2O4 with Lithium
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deficiency. This group showed an attenuated electrochemical behavior, reaching a discharge capac-
ity of 70 mAh/g (5 mTorr). Medium argon deposition pressure (15 mTorr) led to the formation of
non-stoichiometric LiMn2O4 with Manganese deficiency (group III). The absence of Manganese re-
sulted in a severe reduction of electrochemical performance, due to high surface charge transfer (R2=
22,982 Ω), resulting in a low discharge capacity of 7 mAh/g.
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Lithium-ion battery, LiMn2O4 cathode materials, Sputtering deposition, storage energy.
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Climate change, water scarcity, energy shortages and hard-to-remove pollutants are now the van-
guard of menacing risks not just for human kind but, other lifeforms, ecosystems and the planet
itself. In response, the human race has devoted an uncountable number of efforts to diminish the ef-
fect of these harmful phenomena, including novel water purifying technologies, advanced oxidation
processes to eliminate pollutants, health care products environmentally compatible and alternative
energy production methods. Another exceptional alternative is photocatalysis which has a wide
range of application in environment remediation. Low studied catalyst such as CuBi2O4 is regarded
as propitious one due its narrow band gap (1.2 –1.6 eV) suitable conduction and valence band edges,
low recombination rate, high photo and chemical stability and economic viability. In this work, it
was studied the relationship between solvent and pH modulation and pure phase obtention in the
synthesis process. CuBi2O4 was synthesized by a standard solvothermal reaction (180 ℃, 10 h) using
bismuth nitrate (Bi(NO3)3) and copper nitrate (Cu(NO3)2) as Bi and Cu sources, respectively. The sol-
vent used in the reaction was varied, water (H2O), Ethanol (ET), Ethylene Glycol (EG) and Glycerol
(GLY), and pH values, acidic (2), neutral (8) and basic (14). The characterization techniques employed
were X-Ray Diffraction (XRD), Diffuse Reflectance Spectroscopy (DRS) and Fourier Transform Infra-
Red (FTIR). Pure phases were obtained with almost all solvents, being the ones with water, the most
crystalline. Samples synthesized with non-basic pH values did not show a single-phase diffraction
pattern, indicating the presence of reagents. FTIR spectra corroborated XRD results. The bandgap
of the samples was estimated by DRS and the Kubelka-Munk theory, values were found in the 1.2 –
1.6 eV range.
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It is common to find conventional solar panels in the city supplying energy to homes, parks or
schools; unfortunately, these systems disturb the image of the environment generating visual pol-
lution and affecting people’s mental health. In recent works, structures have been developed that
maintain a balance between energy efficiency and design, focused on using conventional solar cell
technology resulting in tree designs that look far from the real ones. The objective of this work is
to model a tree-shaped structure assuming possible technologies that allow having solar cells with
shape and curvature similar to that of a real leaf in order to design a structure according to the
essence of the environment in which it is installed. For this purpose, the three-dimensional model
of a tree defined from parametric equations that generate the trajectories in space for the shape
of the trunk and branches by varying a scalar parameter is used; likewise, paraboloids are used to
create the geometric locations of the leaves and shape them by manipulating concavity, curvature
and rotation parameters. As part of the analysis of this model, an algorithm was created in Python,
which replaces the paraboloid structure with the shape of a tree leaf where the distribution of solar
energy on the surface is studied as a function of its curvature and the angle of incidence of the light
rays; in this way, a graphic approximation of the energy efficiency of the structure was obtained, as
a function of the curvature of the leaves, to seek a balance between maximum energy conversion
and a design in harmony with the environment.
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The raising of emergent contaminants is characterized by a detrimental effect on the quality of water,
soil and air, affecting the wellbeing of many types of organisms and the difficulty of their degradation
by conventional methods. Research about the harmful effects of these substances show that although
they cannot be acutely toxic in the early term, there are potential risk against reproductive processes
of aquatic lifeforms, cytotoxic and genotoxic effects, high oxidative cell stress, and adverse effects
on growth rate. Furthermore, the problem aggravates by the low regulation in both, consumption
and residual treatment, and the poor removal efficiency of wastewater treatment plants. One way to
make a stand against this alarming situation is the use of an Advanced Oxidation Process (AOP), such
as photocatalysis. NaBiO3, a semiconductor catalyst, has been regarded as an ‘excellent’catalyst for
this kind of application in recent years as a result of its outstanding properties including fast charge
carrier separation, visible-light absorption and chemical stability. In this research it is presented
the photocatalytic performance of NaBiO3 in the remotion of emergent contaminants (Rhodamine
B, Ciprofloxacin and Ibuprofen). The synthesis was carried out by a conventional coprecipitation
technique using bismuth nitrate (Bi(NO3)3) and sodium hydroxide (NaOH) as Bi and Na sources. X-
Ray Diffraction (XRD) and Diffuse Reflectance Spectroscopy (DRS) were performed to characterize
the sample. Photocatalysis experiments measured the loss on intensity of the characteristic peaks of
the contaminant. Total RhB decolorization was achieved in 90 minutes, meanwhile the ciprofloxacin
solution was removed about 50 % in 150 minutes, in contrast, ibuprofen was not degraded due to the
oxidation and reduction potentials of NaBiO3.
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Non-fullerene acceptor (NFA)-based organic solar cells have garnered attention in the photovoltaic
field owing to their low manufacturing costs, flexibility and power conversion efficiency enhance-
ment. However, these devices have short lifetimes owing to the nature of organic semiconductors,
which can be altered by external stresses, such as photon illumination, electronic and optoelectronic
properties. These factors have made it necessary to investigate new materials used in structural
configuration layers to improve the efficiency and stability of devices. In this work, we present an
analysis of the chemical characterizations made by SIMS and XPS of bulk heterojunction inverted
organic solar cells (iOSC) fabricated using a small molecule as the acceptor material. The materials
used for the fabrication of the active layer of the cell were the donor PM6 (polymer) and acceptor
Y7 (small molecule, non-fullerene acceptor) 1, and PDINO (polymer) was used as the electron trans-
port layer (ETL). Chemical characterizations were carried out on non-encapsulated organic solar
cells with prior electrical characterization (I-V characteristic curve) considering the ISOS-D1 proto-
cols.
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Currently, there is a significant dependence on fossil fuels, which are non-renewable. When these
fuels are used in combustion processes, they generate greenhouse gases that contribute to climate
change. Accordingly, it is crucial to develop more environmentally friendly energy sources enabling
to underpin futures demands. In this context, hydrogen stands out as an attractive alternative due
to its high energy density (140 MJ/kg) and its clean byproducts, producing only water and energy
when burned 1. There are various methods to produce hydrogen, with water electrolysis being one
of the most notable, as it can be powered by renewable sources such as solar and wind energy. Co
Ni-based electrodes are a promising option for the hydrogen evolution reaction (HER) due to their
low overpotential, stability in alkaline media, and good electrical conductivity. Utilizing discarded
NiMH batteries is an interesting approach, as one of their main components is nickel, adding value
and preventing them from becoming pollutants. In this research, Co-Ni-based electrodes were ob-
tained from leachates of discarded NiMH batteries, which were subsequently used to catalyze the
HER. For this purpose, the leaching liquors from the batteries were recovered, and deposits were
generated using the pulsed current technique (PP). This was done on carbon steel supports, employ-
ing current densities of -100 mAcm-2 and -55 mAcm-2, with charges of 6 C and 11 C, and a 50% duty
cycle. The electrodes were characterized using scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX) to determine their morphology and elemental composition.
The performance of the electrodes was electrochemically evaluated using techniques such as linear
sweep voltammetry (LSV) and electrochemical impedance spectroscopy (EIS), employing KOH as
the electrolyte. The results indicated that Co-Ni-based deposits with different characteristics can be
successfully applied to develop macroscopic applications of green hydrogen production.
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GROWTHOFZINCOXIDENANOSTRUCTURESBYTHEVAPOR-
LIQUID-SOLIDTECHNIQUE: EFFECTOFTHERMALTREATMENT
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In this work, zinc oxide nanostructures were grown using the Vapor-Liquid-Solid (VLS) growth
technique. To promote the growth of the nanostructures, a seed layer of aluminum-doped zinc
oxide (AZO) and gold as a catalyst was used. This study investigates the effect of thermal treatment
on the seed layer and the catalyst before to VLS growth, aiming to ensure that the seed layer and
the catalyst undergo minimal changes during the initial stages of growth. As a result of the thermal
treatment, changes in the morphology of both the seed layer and the catalyst were observed. If these
changes occur during the initial stages of growth, they would affect the growth of the nanostructures
and prevent them from growing in the same direction as the grains in the seed layer. The growth
direction is crucial as it defines the morphology and the crystal planes on the surface. Additionally,
displacement and fragmentation of the catalyst were observed, generating branches, except for the
nanostructures where the catalyst is located on the polar planes (0002), indicating that the Au/Zn
mixture has lower solubility on the polar planes (0002)
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In this work the incorporation of a monolayer of WS2 in a FAPbI3 perovskite based heterostructure
is presented. FAPbI3/WS2/TiO2/ITO and FAPbI3/TiO2/ITO heterostructures were analyzed by UV-
Vis spectroscopy, X-ray diffraction, scanning electron microscopy and Kelvin probe force microscopy
(KPFM). The configuration with WS2 interlayer presents higher absorption in the visible region with
a bandgap of ~1.44 eV. WS2 also enhances the deposition process of FAPbI3, resulting in the formation
of pure photoactive α-phase. The smooth surface of WS2 favors a homogeneous morphology and
an increase of the grain size to ~4.5 μm, the largest reported for similar structures. An energy band
alignment between FAPbI3, WS2, and ITO is proposed based on the work function obtained by KPFM.
These findings strongly suggest that the interfacial coupling of FAPbI3/WS2 could be a promising
candidate in photovoltaic applications.
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MXenes materials have shown good electrochemical properties for energy storage such as metallic
behavior, high electrical conductivity and low energy barriers for ions diffusion. Recent studies have
shown that bi-metallic MXenes, such as Ti2Ta2C3, exhibit superior electrochemical behavior com-
pared to monometallic counterparts, offering potential for extended lifespan in energy storage sys-
tems, as Maldonado-Lopez reports in 2022 1. This study reports the functionalization of bi-metallic
MXene Mo2V2C$_3 with O, F, and OH. Moreover, highlights the significance of bi-metallic MXenes
and surface functionalization in advancing energy storage technologies, suggesting avenues for im-
proving cycling stability and energy efficiency in next-generation energy storage devices. Our re-
sults suggest that the oxidized phase grants a better performance as anode in batteries, and the Li-ion
offers a higher gravimetric capacity.
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Transparent conducting oxides (TCOs) like Al-doped Zinc Oxide (AZO) are highly sought after for
their unique electrical conductivity and optical transparency combination. AZO offers advantages
over ITO and FTO, including processing costs, environmental and health considerations, stability,
ease of processing, and versatile fabrication techniques. This work explores the viability of obtain-
ing AZO films under soft deposition conditions via the magnetron sputtering technique. Aside from
their exceptional electrical and optical properties, this research reports the obtention of textured
AZO using a novel one-step sputtering method. The impact of adjusting the target-to-substrate
distance (dTS), argon gas flow (FAr), and sputtering power (PW) was investigated on the ultimate
characteristics of AZO films through X-ray diffraction, scanning electron microscopy, UV-vis spec-
trophotometry, and Hall-effect measurements. Films displaying the most favorable electrical proper-
ties (3.2x10-4 Ω*cm, 21.3 cm2 V-1 s-1, and 9.2x1020 cm-3) were produced at a FAr of 5 sccm, a PW of
45 W, and room temperature. Furthermore, AZO thin films deposited within the high-density zone
(HDZ, dTS < 6 cm) of the plasma sputtering exhibited a textured surface with crater-like features,
which were more pronounced in films deposited at reduced FAr (5 sccm) and low PW (45 W) values.
The obtention of a textured TCO film at soft deposition parameters offers several advantages in film
technology by enhancing light management (trapping and scattering), improving film mechanical
and chemical stability, increasing surface area, and providing enhanced performance, which could
be highly beneficial for the cost-effective production of AZO for its implementation cutting-edge
optoelectronic applications such as flexible solar cells and electroluminescent devices.
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Borophene is a relatively new material nanosheet-like and is the lightest known 2D material. As
boron is a neighbor of carbon it is expected to have similar properties to this material. Borophene
synthesis remains an actual challenge due to the bulk bond configurations of boron. Theoretically, a
triangular network could be more stable if it has periodic holes and it can grow on metallic surfaces
such as Ag (111), Au (111), Cu (111) by chemical vapor deposition (CVD).
The present work aims to synthesize borophene nanosheets by the ultrasonic exfoliation method
for the further decoration with noble metal nanoparticles to increase the photocatalytic activity
of the nanosheets and enhance its activity in the hydrogen evolution reaction conducted by light
absorption.
Borophene was synthesized following the reported method by Fu, Y. et al in which boron powder
is added into 1-Methyl-2-pyrrolidinone (NMP). This mixture is then stirred and grinded, and then
sonicated with a probe-type sonicator at 600 W, with a pulse on/off of 4 s for 4 h in an ice bath. The
obtained solution was sonicated in an ice bath. Then it was centrifuged, and the supernatant was
separated for another centrifugation to obtain the precipitate. The synthesized boron nanosheets
were washed with distilled water, ethanol and acetone to remove the NMP.
TEM shows a few-layers nanosheets of borophene and SAED indicated good cistallinity. On the
other hand, noble metals NPs were synthesized by wet chemical methods to have better control over
the shape and size of the nanoparticles. UV-Vis spectroscopy demonstrates typical absorption bands
due to longitudinal and transverse LSPR of the synthesized noble metal nanoparticles. SEM and TEM
confirmed nanospheres shape.
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Given the growing usage and consumption of water resources, humankind needs to develop relevant
and economic procedures to be able cleaning and purifying used water, in order to promote its reuse
and possible reintegration into the environment, as well as to prevent its contribution to further con-
taminate soils. One could say that such is the wider purpose for the improvement of photocatalysts’
efficiency in decontamination processes. Furthermore, they could play an important role in the cost-
effective production of hydrogen for energy purposes. Heterojunction photocatalysts are pertinent
contenders to achieve efficient visible light mediated photocatalytic processes. In this work, it is
evaluated the performance in photocatalytic Methyl Orange degradation by four BiOBr/BiOCl com-
posites, all with a molar ratio of 3 to 1, which are compared with a BiOCl0.25Br0.75 solid solution
obtained by a simple precipitation route (sample M5). Three different processing methods were used
to prepare four 3:1 composite samples starting from pure BiOBr and BiOCl obtained by precipitation;
one by hydrothermal treatment (M1), and one by dry milling process of the mixtures (M2), and two
by precipitation of BiOY (Y: Br, Cl) in the presence of BiOX (X: Cl, Br) (M3 and M4). The hydrother-
mally treated sample resulted in the formation of a solid solution BiOCl1−xBrx (x ~ 0.8). On the
other hand, the precipitation of BiOCl over BiOBr, resulted in the diffusion of chlorine ions into
oxybromide lattice; more evident than bromine into oxychloride’s. Meanwhile, the manually milled
sample has the presence of both pure bismuth oxyhalides, as far as XRD and Raman spectroscopy
results show. The photocatalytic activity of the samples under UV illumination was comparable to
that of commercial TiO2, specially for samples M5, M4 and M1; otherwise, despite poorly active
under visible light, samples M3, M4, and M1 had best results.
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Photocatalysis has always been a promising alternative in the remotion of pollutants from air and
water, and even for clean energy production, such as hydrogen-based fuels. Nonetheless, there is not
an ultimate photocatalyst with low recombination times, high quantum efficiency, chemical stabil-
ity, non-toxicity and low cost. In order to face said drawbacks, bismuth-based materials, particularly
bismuth oxyhalides (BiOX, X=Cl, Br, I), have demonstrated to be suitable for this application. Their
photocatalytic behavior can be enhanced by a number of techniques, including, doping, morphologi-
cal modulation, facet tailoring and, alloying. In this work, it is presented the enhanced photocatalytic
activity of bismuth oxyhalide alloys (BiOXY, X, Y= Cl, Br, I) on the degradation of a reference con-
taminant (Rhodamine B ‘RhB’). These materials were synthesized by a conventional hydrothermal
reaction (160 ℃, 12 h, pH=2) using as reagents bismuth nitrate (Bi(NO3)3) and halogen salts (KCl,
KBr, KI) in a stoichiometric ratio of 1:1. Characterization of the samples was performed by X-Ray
diffraction (XRD), Diffuse Reflectance Spectroscopy (DRS), Volumetric Absorption of N2, and Scan-
ning Electron Microscopy (SEM). The photocatalytic activity was measured by the diminution of the
characteristic peaks of the absorption spectra of the contaminant as function of time. The obtained
samples showed solid solution structures except for the Cl-I system due to difference between their
ionic radii. The photocatalityc performance increased significantly in comparison to simple BiOX
catalysts.
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The demand for eco-friendly and efficient energy sources in industrial, portable, and wearable appli-
cations has driven extensive research into electrochemical storage devices. The lithium-ion batteries
emerge as highly promising due to their exceptional physicochemical and electrochemical proper-
ties. To further enhance lithium-ion battery performance beyond conventional graphite-based an-
odes, there is ongoing exploration of advanced nanomaterials with specific chemical compositions
and crystalline structures capable of facilitating reversible and rapid conversion and alloying reac-
tions, thus enabling superior Li-ion storage capacity 1. In this context, our study focuses on em-
ploying hexagonal Zn2GeO4 nanoparticles as a Li-ion host material. The synthesis of h-Zn2GeO4
in a willemite-like phase is done by using the facile Pechini method. the charge-discharge curves
show that the h-Zn2GeO4 delivers a specific capacity of 900 mAh/g with a Coulombic efficiency of
97%. The experimental analyses were complemented by computational simulations using Density
Functional Theory (DFT) and Ab Initio Molecular Dynamics (AIMD) to delve into atomic-scale in-
teractions between Li ions and the h-Zn2GeO4 crystal structure. The results evidence the chemical
reactions observed in the experiment; besides the theoretical gravimetric capacity is 1400 mAh/g in
agreement with experimental measurements.
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The auge of semiconductors in the second half of the 20th century brought a fast and without prece-
dent technological advancement, characterized by high-speed communications and faster and more
efficient processing devices. All this, was powered by already known semiconductors like silicon,
germanium, and metal oxides, but also by novel and outstanding materials like the well-known fam-
ilies of II-VI, III-V semiconductors and alloys like mercury-cadmium telluride (HgCdTe). Elements
like As, Hg, Cr, Te and so on were released without control to the environment and some highly con-
taminant semiconductors continue being produced. To mitigate this situation, alternative materials
and techniques are employed to solve energetic and pollution issues, this is the case of bismuth-based
materials and photocatalysis. Bismuth oxyhalides (BiOX, X=Cl, Br, I) are known for their ability to
remove conventional pollutants due to their interesting properties including, a layered structure,
band gap modulation, visible light absorption, suitable band edges potentials and cheap production
methods. In this work, we explore the photocatalytic activity of BiOX on the degradation of harmful
emergent contaminants such as ibuprofen and ciprofloxacin. The synthesis of these photocatalysts
was achieved by a conventional solvothermal reaction varying solvents used. Bismuth and halogen
sources were bismuth nitrate (Bi(NO3)3) and potassium salts (KCl, KBr, KI) in molar ratio of 1:1.
Samples were characterized by X-Ray Diffraction (XRD), Diffuse Reflectance Spectroscopy (DRS)
and Volumetric Absorption of N2. The photocatalytic activity was performed by measuring the ab-
sorption spectra of a of common dye (Rhodamine B ‘RhB’) solution in order to find a relationship
between solvent used and catalytic properties. The samples with the best performance on RhB were
tested on ibuprofen and ciprofloxacin. Results indicated that BiOX removed approximately 40 % of
ibuprofen in 240 minutes, and ciprofloxacin about 60 % in the same time.
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Energy is likely to be the major scientific challenge in decades to come. The solution to the climate
and environmental problems rests on a concerted effort to broaden our energy resources. New and
improved functional materials are important components in efforts to effectively harvest energy
from alternative energy sources, and to use the available energy more economically and environ-
mentally friendly. One alternative energy source can be thermoelectric devices, which represents a
clean energy. They are able to generate electrical energy from the waste heat, which is produced by
computers, factories, household appliances, etc.
In this work we present the synthesis of Bi2-xSbxTe3 and BiTe3-xSex, as well as electric charecteri-
zation.
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Solar cells are essential for the transition to renewable energy, enabling the direct conversion of
sunlight into electricity through the photovoltaic effect. In this context, the efficiency of the cells
is crucial, and metal contacts play an essential role in optimizing their performance. These contacts
extract and conduct the generated electrons, significantly influencing the efficiency and stability of
the cell. The featured study examines the impact of various metal contacts on Sb2S3/CdS-based cells,
highlighting how the proper choice of these materials affects the device’s effectiveness. Electrical
characteristics such as open-circuit voltage (Voc), short-circuit current (Jsc), fill factor (FF), and ef-
ficiency (η) were evaluated using the SCAPS simulation tool. Metals such as Silver (Ag), Iron (Fe),
Silicon (Si), Molybdenum (Mo), Tellurium (Te), Beryllium (Be), Cobalt (Co), Gold (Au), Tungsten (W),
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Nickel (Ni), and Platinum (Pt) were selected based on their work functions, which are compatible
with the Sb2S3/CdS heterojunction. This compatibility facilitates better extraction and transport of
charges. The metals were chosen according to values suggested by flat band alignment calculations.
The results showed that platinum contacts, with an efficiency of 30.29%, improve efficiency by 15%
compared to silver, which has an efficiency of 14.32%. This underscores the importance of meticulous
selection of metal contacts. These findings highlight how careful choice and optimization of metal
contacts can significantly improve the efficiency of solar cells, contributing to the economic and
technological viability of solar energy and promoting the development of more sustainable energy
technologies.
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In this work a detailed study of a helical Savonius rotor (HSR) was investigated to obtain the optimal
characteristics for the generation of renewable energy. The designed and assembly of the HSR was
developed in a CAD software. Simulations of the interaction between the flow of air and the HSR
blades were developed through finite element analysis. Results of these simulations shows the veloc-
ity distribution of the profile designed blades. In the same way, it was obtained the profile pressure
due the velocity’s profiles. The formations of vortices were studied with the finality to improve the
performance in the HSR. Simulations results show the best geometry to optimize the power coeffi-
cient (Cp) in the HSR. From the simulation results it was built a prototype Savonius wind rotor at
scale and probe in a wind tunnel according to simulation done; field tests will be performed to check
the amount of energy obtained with the changes implemented.
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Solar Cell simulation serves to reduce the number of work hours and optimize the resources ded-
icated to carrying out experiments. Simulation of solar cells based on AZO as window layer, cad-
mium telluride (CdTe) like first absorber layer and FeSi2 like second absorber layer with the structure
(Al/AZO/CdTe/FeSi2/Ni) using the Cell Capacitance Simulator solar-1D (SCAPS-1D) has been car-
ried out. The effect of the thickness and carrier concentration of the first and the second absorber
layer was studied. The thickness and concentration of carriers for the CdTe layer varied from 0.4 to
1 µm and from 〖10〗^13 to 〖10〗^15 cm^(-3) respectively, it was found that PCE decreases 0.22%
with increasing thickness. The thickness and concentration of carriers in the second absorber layer
varied from 0.1 to 1 µm and from〖10〗^14 to〖10〗^18〖cm〗^(-3), respectively. It was observed
that by increasing the thickness of the FeSi2 layer from 0.1 to 1 µm, PCE increased by 7.66%, while
by increasing the concentration of carriers from 1014 to 1018 cm-3 in this layer, PCE increased by
2.81%. It was also observed that by increasing the defect density at the FeSi2/CdTe interface from
1010 to 1017 cm-2, PCE decreased by 22.1%. Finally, a maximum power conversion efficiency (PCE)
of 26.34% is achieved with an open circuit voltage (Voc) of 0.62 V, short circuit current density (Jsc)
of 51.43 mA/cm^2 and a fill factor (FF) of 82.24 %, obtained with a thickness and concentration of
carriers of 1 µm and〖10〗^18〖cm〗^(-3) for the FeSi2 layer and for the CdTe layer the thickness
and concentration of carriers was 0.4 µm and 〖10〗^15 cm^(-3), respectively. The above results
provide design guidelines for a solar cell based on two absorber layers CdTe and FeSi2 and window
layer of AZO with high efficiency.
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Microplastics (MP) are tiny plastic particles (<5mm in size), that come from various sources, includ-
ing synthetic textiles, tires, cosmetics, fragmentation of larger plastics (bottles, food containers, pvc
pipes, etc.) and industrial processes. These complex compounds have become a mayor environmen-
tal concern due to their widespread presence and potential risk to human health and organisms1.
Many attempts have been made to address this issue, technologies such as membrane filtration sys-
tems, electrocoagulation, plastic-eating enzymes, etc., offer unique approaches for the removal of mi-
croplastics, yet still face obstacles like high costs, limited scalability, environmental consequences,
partial removal efficiency, and generation of more waste as filters have life cycles1. Additionally,
microplastics are complex molecules, posing significant challenges for detection and complete elim-
ination due to their small size and diverse composition, making it difficult to develop solutions to
address the issue. Therefore, this work assesses said problematic by employing green solvents (GS)
derived from renewable sources, as an eco-friendly alternative for microplastic in water pollution
control. By harnessing the low toxicity, biodegradability, versatility and compatibility, GS can mit-
igate the environmental impact of microplastics pollution. In this work, two decanoic-based GS
were synthesized, characterized and evaluated on the removal of PET (Polyethylene terephthalate)
and Polyesterene (PET), and a mixture of both. The removal process was assessed using UV-Vis
spectroscopy and infrared spectroscopy techniques. Overall results revealed a remarkable 99% re-
moval of PET/PS mixture within 180 min. Total Organic Carbon measurements were also conducted
to assess microplastic removal efficacy and to detect any potential contamination from the GS into
the solution. This study demonstrates the effectiveness of GS in removing PET, PS and mixtures,
achieving significant removal rates in short timeframes, confirming the potential of GS as promis-
ing solutions for microplastic pollution mitigation, promoting ecosystem health and contributing to
a more sustainable management of our natural resources
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Abstract
Copper selenide thin films (Cu2-xSe) were deposited onto soda lime glass via chemical bath deposi-
tion technique using our free ammonia process at different pH values ranging from 6.3 to 8.3. The
thin films obtained were characterized by XRD, SEM, EDS and UV-Vis spectroscopy. It was found
that the morphological and optical properties of the films were directly influenced by the pH condi-
tions: the optical bandgap exhibited a blue shift from 1.91 to 2.15 eV and the crystallite size increased
from 63 to 90 Å with increasing pH. Additionally, the stoichiometry Cu/Se ratio increased from 1.57
to 1.87, resulting in the formation of Cu1.87Se. This formation did not require high temperatures or
any gas to modify the atmosphere, such as in the sputtering technique. Thus, the thin films obtained
of Cu1.87Se only by modifying the pH represent a cost-effective option for use as solar cells.
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The main objective of the research is to design a closed space
and project the necessary modifications to decrease its temperature and reach a suitable temperature
for human comfort through wind, reflection of sunlight, and an air conditioning unit solely for
cooling, powered by electricity from solar panels. To achieve this objective, an air conditioning unit
is selected that can decrease the temperature within the working volume. Additionally, solar panels
with a performance greater than 16% and a solar charge controller are determined to supply the
electrical energy required by the air conditioning unit.Photovoltaic application batteries and a solar
power inverter are also selected for the storage and conditioning of the electrical charge from the
solar panels. To develop this system,studies were conducted using solar atlases from the National
Aeronautics and Space Administration and various wind databases to understand the environmental
characteristics of the working area (Northern Zone of Mexico City).
An On/Off control is developed for the energy system, programmed on ARDUINO UNO, which
allows us to switch the electrical supply from the solar panels to the grid distribution system used as
a final backup for electrical energy after the batteries. Additionally, a simulation of the photovoltaic
energy system is performed with each of the selected components to verify the system’s functionality
(Matlab Simulink student version). It is stated that the temperature difference generated by the air
conditioning unit, with the help of the characteristics of the enclosed space, ranges from 3.5℃ to
4.5℃ within a timeframe of 20 to
30 minutes, and 6 to 10 minutes in cases where the intermediate wall was used.
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Perovskite materials are one of the most promising photocatalysts for generating clean, energetic
vectors and solar fuels. One of the main barriers to its massive production is the high cost and
complicated deposition techniques. As an alternative, this work sought solutions to manufacture
large-area printed films with high-throughput rates and minimal waste by ink-jet printing. This
technology promoted the formation of crystalline and porous films with heterogeneous morphol-
ogy, which absorb UV and Visible light. Two sets of perovskites were explored based on oxides:
ABO3 (A=Na, Li, K, B=Na, Nb) and halides: KMgI3, which were evaluated as photocatalysts in the
H2O and CO2 reduction to produce energetic vectors and solar fuels, respectively. The energy con-
version efficiency was calculated to verify the efficiency of the studied systems, reaching values up
to 7%. Furthermore, the stability and reuse of the perovskite ink-jet films were demonstrated after
consecutive cycles of photocatalytic evaluation.
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Graphene oxide (GO) is a useful and promising carbon nanomaterial for applications in electronics,
optics, chemistry, energy storage, and biology. Due to the presence of hydroxyl, carboxyl, and epoxy
functional groups in the basal and edge plane of GO, this material is easily dispersed in aqueous sol-
vents, which makes it more convenient to process and use. GO is usually obtained by the Hummers´

Page 193



XVII-ICSMV / Book of Abstracts

method by oxidizing graphite, in which a considerable volume of strong acid residue is generated.
For this reason, currently the use of green chemistry in nanomaterials research aims to decrease and
eliminate the presence of toxic and polluting compounds during GO synthesis. The use of peanut
and coffee crop residues to produce nanomaterials can be an alternative for their final disposal, thus
obtaining a value-added product in different science areas.
In the present work, we produced GO through pyrolysis of different agro-industrial wastes, which
are: peanut shells, post-use commercial, and artisanal coffee, and were compared with GO produced
by the Hummers method. Subsequently, GO from different materials was functionalized with mag-
netite by chemical coprecipitation for use as a catalyst. The functional groups present in the obtained
nanomaterial are used as nucleation centers for the formation of metal oxides. Therefore, a higher
number of functional groups present on the surface will lead to the formation of metal oxide nuclei,
obtaining metal oxide nanoparticles with good dispersion on GO films for energy and environmen-
tal applications such as biofuel generation, adsorptive removal of dyes in water and antimicrobial
activity in wastewater treatment plants.
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To avoid ZnO photo-corrosion, In-doped ZnO nanorods were grown using the chemical bath deposi-
tion technique, varying the In concentration (0.5, 0.75, and 1 mol%). The increase in the indium load
enhanced the photocatalytic activity in the hydrogen production, evolving ten times more hydro-
gen in the ZnO-NRD/1-In (1% In) sample. Unfortunately, after the recyclability cycles (three cycles),
the ZnO-NRD/1-In film decreased its photoactivity by 90%, and the ZnO-NRD/0.5-In film (0.5% In)
kept constant its gas evolution, evidencing stability. This decrease in the photocatalytic efficiency
in the samples with larger load of In could be associated with the presence of In3+ species, which
can act as electron scavengers that trap electrons in the ZnO CB and form oxidant species, causing
the ZnO photo-corrosion. Finally, the photocatalytic stability of ZnO-NRD/0.5-In film (0.5% In) was
tested for 72 hours, reaching a maximum hydrogen evolution at 48 h (up to 90 µmol). Despite this,
during the third day of the irradiation, the hydrogen production did not increase, possibly due to a
loss in the film surface caused by the turbulence in the reaction media. Additionally, after 72 hours
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of irradiation, it is possible to observe the presence of In over the film surface (EDS results), while
the XPS results show that the film has the presence of In3+ species, which could contribute to the
photocatalyst deactivation, decreasing the hydrogen production of the film.
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Metal-organic networks (MOF) are crystalline materials characterized by the coordination of metal
centers with organic ligands. This class of material stands out for its properties such as high specific
surface area, porosity and easy functionalization. The field of application of MOFs has ranged from
gas separation/storage, adsorption/desorption of toxic gases and vapors, catalysts, drug delivery
to, recently, their use as electrocatalysts for hydrogen production, as electrodes in Li-ion batteries,
and in supercapacitors. However, the synthesis of MOFs often involves the use of aggressive and
polluting solvents (DMF, ethanol, etc.). The use of water as a solvent in the synthesis and purification
of MOFs is an attractive strategy for the reduction of pollution caused by the processing of these
materials. In this work, we synthesized a Co-based MOF using only water as solvent and purified
the product. Co-MOFs exhibit high electrochemical reversibility, a feature that is not common in
MOF materials. Taking advantage of this feature, together with its structure, especially its redox
centers, we studied this material for its application as a supercapacitor electrode.
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One way to give new life to vegetal residues, which lead to pollution or take a long time to degrade,
is using them as raw materials to obtain biomaterials and methane that can be used in several ways,
reducing the degradation time. On the other hand, citrus is a highly consumed product worldwide
with an estimated market of 28 billion US dollars, whereas orange stands out from it. In this work,
orange residues, locally obtained, were mixed with water in a 1:1 ratio. Water acts as a fatty acid
catalyzer. The hydrothermal conversion process is as follows: the mixture is heated from 180° to
290° C using a 5 MPa pressure. An aqueous solution is obtained with solid and liquid fractions. The
liquid fraction containing fatty acids is then obtained by filtering, resulting in bio-oil. It is important
to know its characteristics, such as absorption spectrum, thermal properties, and biochemical param-
eters, to know beforehand if the bio-oil obtained from the reactor is suitable for various uses. Some
of the features obtained from the bio-oil are PH=3.36 (considered acid), total solids =2.57, volatile
solids=78.68, total chemical oxygen demand =57.28, soluble chemical oxygen demand =51, ash of
17.37 and moisture of 97.42%. With thermal parameters thermal effusivity=1561 Ws^1/2/ mK, ρ=
0.001026985 Kg/m^3 and an absorption spectrum where the higher absorption is observed in the ul-
traviolet region. Therefore, the bio-oil can be used as fertilizer, feed for bioreactors, or extract fatty
acids by various methods, and it has a high aroma.
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Energy harvesting technologies have attracted considerable attention today. Various nano or micro-
generators based on piezoelectric, triboelectric, and electromagnetic effects are becoming popular
to design and realize many self-powered applications (1). Electromagnetic generators (EMG) offer
numerous advantages, including possible architectures and nanostructured materials for device fab-
rication.
In this work, the synthesis of hollow CoFe2O4 microspheres was carried out using carbon micro-
spheres as sacrificial structures. The synthesis was carried out in three steps. The first step is the
hydrothermal synthesis of carbon microspheres from anhydrous dextrose, and the second step is
the incorporation of the precursor salts of cobalt ferrite (2Fe(NO3)3·9H2O + Co(NO3)2·6H2O) in
the presence of the carbon microspheres subjected to a solvothermal method for 15 hours with a
controlled temperature of 150 ◦C, finally, the hollow microsphere is obtained from the calcination
of the sacrificial structure in a muffle with a heating ramp of 1 ℃/min until reaching 500 ℃. The
temperature is maintained for 4 h. The morphological characterization of the microsphere was done
by scanning electron microscopy (SEM), observing spheres with average diameters of 4 µm, consis-
tent with the sizes of the sacrificial structures. Regarding the magnetic nature of the cobalt ferrite
microspheres, a remanent magnetization of 2.85x10-3 emu and a coercivity of 32.5 Oe were achieved,
typical values of a ferromagnetic material.
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The finding for new low-toxicity materials to be used in photovoltaic devices is of great importance
to meet the energy demand without harming the environment. In recent years, CdTe/CdS solar cells
have attracted much attention due to the remarkable increase in efficiency from 16% to 22% [1,2].
Recent studies show that the CdS film has a parasitic absorption, which does not contribute to the
photocurrent of the cell and has its toxicity as a drawback. Therefore, it is proposed to search for new
n-type materials that can be coupled to the heterostructure of cells with CdTe. In this work, suitable
conditions for the deposition of IZO thin films were found by applying a new methodology called
shavings-reactive-magnetron sputtering (SRMS) at room temperature. This procedure consists of
placing metal chips on a base target, thus varying the concentration of the deposited films, and it
is advantageous compared to other methods because it allows the deposition of ternary materials
without the need to fabricate or use different targets. The structural, morphological, optical and
chemical properties of the obtained IZO films were investigated. XRD and RAMAN results show that
with increasing indium concentration the ZnO structure is lost and the ternary compound Zn2In2O5
starts to form. In addition, XPS confirms that the IZO films are composed of the ternary compound
Zn2In2O5.The obtained IZO films have a uniform and smooth surface with roughness (~1-2 nm)
and bandgap from 3.02 to 2.82 eV. Finally, the high transmittance obtained from the IZO films (99%
of λ= 450-530 nm) shows that their application as a window layer in photovoltaic applications is
possible.
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In recent years, photocatalytic materials based on semiconductor metal oxides have been extensively
studied due to their vast potential in applications such as environmental remediation and protection,
including air purification, disinfection, and water purification, as well as the destruction of harmful
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compounds, etc. Among all photocatalytic oxides, TiO2 and ZnO stand out because they are excel-
lent photocatalytic materials with high photosensitivity, no toxicity, and a large bandgap. Although
TiO2 is universally accepted as a very good photocatalyst, ZnO is a very good alternative because
it has a very similar bandgap and is low cost. Additionally, it has been reported that ZnO possesses
better quantum efficiency and higher photocatalytic activity than TiO2. Furthermore, ZnO can be
fabricated with numerous nanostructured morphologies such as wires, rods, tubes, sheets, columns,
hedgehog-like structures, etc.
In the present work, the thermal oxidation of metallic Zn spheres is carried out with the intention
of obtaining ZnO photocatalytic spheres. A Raman study is conducted to determine the times and
temperatures at which the wurtzite phase of ZnO is obtained. Different obtained morphologies were
studied using Scanning Electron Microscopy (SEM), as well as an elemental analysis using EDS to
determine the purity of the obtained material.
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Zinc oxide thin films as semiconductor catalysts have been studied recently due to the promising
treatment of contaminated water, mainly from industrial wastes. The present work studies the influ-
ence of SILAR deposition cycles of Ag-doped ZnO thin films on glass substrates for the degradation
of methylene blue under UV-Vis light irradiation. This method involves immersing a substrate in
different cationic and anionic precursor solutions, resulting in a deposition cycle. ZnSO4, AgNO3,
and NH4OH were used as cationic precursors, and hot deionized water at 90 ℃ was used as an an-
ionic solution. The obtained Ag-doped ZnO thin films experienced a thermal treatment to remove
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moisture and homogenize the surface. Structural, optical, morphological, and electrical properties
were analyzed using X-ray diffraction (XRD), Ultraviolet-Visible Spectroscopy (UV-Vis), Scanning
Electron Microscopy (SEM), and I-V measurements, respectively. The photodegradation analysis of
methylene blue using Ag-doped ZnO thin films was executed by considering different SILAR depo-
sition cycles.
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This work presents a study and analysis of laser scribing processes in thin-film semiconductor mate-
rials such as SnO2: F, CdTe and CIS, with possible applications in photovoltaic and electronic devices.
The process carried out is with an Nd: YAG laser system that operates at a wavelength of 532 nm at
a frequency of 50 Hz, the way in which laser scribing is done is with a pulse system mode, where
only 1 pulse is emitted at a certain power. Due to the characteristics of the laser system, the only
parameter modified for these experiments was the power of the pulses emitted and the number of
pulses in each area in each of the materials. With the experimental processes carried out, profiles of
each of the damages caused by the laser pulses are obtained in a superficial way, as well as profiles
where the width and depth of the same damage is observed in each of the SnO2: F, CdTe and CIS ma-
terials. As a result, laser scribing processes are associated with a laser-material interaction in which
surface damage is presented in each of the materials, which are associated with the values of power,
fluence, energy densities that were used, an analysis is also made regarding the amount of ejected
material with respect to the energy used in each of the materials. Other factors that are analyzed are
the thermal and stress phenomena present in laser scribing processes. The characterizations that
support the results of this work are based on profiles obtained by profilometry, 3D profilometry,
optical microscopy, SEM and EDS.

Keywords:

Laser scribing, Thin films, Laser pulse, CdTe

Page 200



XVII-ICSMV / Book of Abstracts

Reference:

Wang, H., Hsu, S., Tan, H., Yao, Y. L., Chen, H., and Azer, M. N, Predictive Modeling for
Glass-Side Laser Scribing of Thin Film Photovoltaic Cells, OCTOBER 2013, Vol. 135 / 051004-1. https://doi.org/10.1115/1.4024818

This work was supported by:

The authors gratefully acknowledge the project SIP-IPN-20240682,BEIFI, UACM-CCYT2023-IMP-01 and
CONAHCyT for the financial support.

Author approval:

I confirm

Author will attend:

I confirm

RENEWABLE ENERGY / 361

LASER SCRIBINGOF Sb2Se3 THIN FILMS FORPHOTOVOLTAIC
APPLICATIONS
Authors: Irving Ramírez Aguirre1; Jenifer Monserrat López Mendoza1

Co-authors: Daniel Jiménez Olarte 1; Jesús Roberto González Castillo 1

1 Escuela Superior de Ingeniería Mecánica y Eléctrica Unidad Zacatenco. Instituto Politécnico Nacional

Corresponding Authors: jlopezm2012@alumno.ipn.mx, iramireza1700@alumno.ipn.mx

Sb2Se3 is a promising absorber material for photovoltaic applications due to its band-gap value (~
1.2 eV), strong optical absorption, simple phase and composition, and earth-abundant and non-toxic
constituents, reasons why Sb2Se3 has emerged as a potential candidate to be incorporated as high-
efficiency and low-cost absorber material in thin film solar cell technology. The Sb2Se3 based solar
cells has the possibility of its cells being interconnected in series by the laser scribing technique us-
ing 3 laser scribes steps called P1, P2 and P3 that are carried out in a sequential process by depositing
each of the thin films that constitute the cell solar.
In this work, the P1 and P2 laser scribes steps were implemented in the structure glass/SnO2:F/Sb2Se3
using a 532 nm pulsed laser. Parameters such as laser energy, pulse repetition frequency and spot
overlap percentage were optimized to obtain suitable channels for the electrical interconnection of
Sb2Se3 solar cells. The resulting laser scribes were evaluated by optical microscopy, UV-VIS spec-
troscopy, profilometry, composition analysis and electrical conductivity measurements, thus vali-
dating the quality of the P1 and P2 processes.
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One of the important physical properties to consider in a semiconductor window is the value of its
band-gap Eg. In2S3 and CdS have typical Eg of the order of 2.42 and 2.62 eV, respectively; that is, their
absorption window is in the visible light region. In this work, different configurations of these semi-
conductors were processed by means of the processing technique Magneto-Planar Cathode Sputter-
ing in Radio Frequency mode (Sputtering-RF) in an Ar+O2 atmosphere, such as: In2S3/CdS, In2S3
:O2/CdS, In2S3/CdS:O2 and In2S3:O2/CdS:O2; with the purpose of studying the change in the op-
toelectrical properties of these window Semiconductors. In2S3 and CdS semiconductors, when de-
posited together sequentially in Sputtering-RF in an Ar atmosphere with the parameters: RF source
power (Pot = 150 and 100 W, respectively), substrate temperature (Ts = 250 and 225 ℃, respectively)
and deposition pressure (P = 10 and 12.5 mTorr, respectively), has a thickness of approximately 150
nm (In2S3 = 50 nm and CdS = 100 nm) and an average deposition rate of approximately 6 nm/min;
whereas, when these same semiconductors are deposited in an O2 atmosphere with a flux of 1.0
sccm (5% of the total Ar+O2 flow entering the deposition chamber, approximately). As results we
obtained that the mentioned configurations and with these same deposition parameters; the thick-
ness decreases around 125 nm (average deposition rate of 5 nm/min); as well as other optical and
morphological changes, such as: the absorption window is shifted towards the UV region (370 nm),
for the In2S3 :O2/CdS:O2 configuration; attractive properties for the mentioned applications.
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Water pollution is generated by the discharge of effluents from different sectors of industry, con-
taining heavy metals, organic toxins, lubricants, solid dyes and chemicals. Research shows that,
between 2007 and 2021 the presence of emerging organic pollutants (EOCs) and endocrine disrup-
tors (ED) has significantly increased, becoming a serious health risk to humans and ecosystems 1. In
Mexico, compounds like Rhodamine B, are known to be present in various water sources, as a result
of inclusive use in the textile industry. Various water treatment strategies like Advanced oxidation
process (AOPs), have been explored and aimed at removing dyes and pollutants present in water.
Each of these methodologies offers different approaches and levels of efficiency in the removal of
dyes present in polluted water, with photocatalysis being one of the most applied methods in recent
years. This technology requires, the development use of heterogeneous catalysts, such as bismuth
ferrite (BiFeO₃), a non-stoichiometric substance belonging to the family of perovskites (ABX3), ex-
hibits promising photocatalytic properties, thanks to its suitable bandgap (∼2.2 eV). In this work,
the green synthesis by combustion method, of a BiFeO₃ catalysts and its removal efficiency and ki-
netics,were evaluated using Rhodamine B as a test molecule. As a result, a catalyst was obtained
and characterized via xray difration, scanning electron microscopy and N2 adsorption-desorption.
The Rhodamine B solution exhibited a degradation of 60% within a period of 60 minutes, indicating
a substantial degradation of the Rhodamine B dye under the given experimental conditions. This
suggests that the catalyst and method used were effective in reducing the concentration of Rh-B in
a relatively short amount of time.
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Next generation materials for electronic-electrochemical applications are expected to move on from
purely inorganic towards organic and hybrid inorganic-organic materials, because inorganic mate-
rials have clear drawbacks such as scarcity of usable inorganic ions and limited tailoring of struc-
tural design. Metal-Organic Coordination Polymers (MOCPs) are self-assembled crystalline materi-
als which are constituted of metal ions or metal clusters coordinated with organic bridging ligands
forming defined framework structures. These materials are easily designed with tailorable struc-
tures and functional tunability due to its molecular nature. Despite these interesting features, in
general, the vast majority of metal-organic coordination polymers are insulators and exhibit very
low electrical conductivity. An approach to enhance the electronic properties of metal-organic co-
ordination polymers is to improve the orbital overlap in the coordinate bond between the ligand
and the metal ions (through-bond approach). In this research work, a novel Porous Metal Organic
Coordination Polymer, named Co-BDBA, was synthesized. To synthesize Co-BDBA, Benzene-1,4-
diboronic acid and Cobalt were used as linker and metal center, respectively. Co-BDBA possess an
energy gap (Tauc plot) of 3.41 eV, then, this material might be classified as a semiconductor. To
take advantage of the semiconductor feature, Co-BDBA was investigated as a possible Supercapaci-
tor electrode. Electrochemical outcomes indicate that this metal-organic coordination polymer has
a pseudocapacitive behavior, showing two redox reactions, and its charge-discharge mechanism is
controlled by surface processes. The most remarkable feature of Co-BDBA as a supercapacitor elec-
trode is that, after 2000 galvanostatic charge-discharge cycles, it presents a capacitance retention of
~110 %, due to its high electrochemically reversibility, better than previously reported coordination
polymers.
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DEVELOPMENT AND CHARACTERIZATION OF PVDF/BaTiO3
COMPOSITES FOR SUSTAINABLE ENERGY HARVESTING
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Energy harvesting from renewable sources through advanced materials offers a sustainable option
to reduce dependency on fossil fuels while meeting increasing energy demands. This study pro-
poses an advanced piezoelectric polymer composite consisting of polyvinylidene fluoride (PVDF)
and barium titanate (BaTiO3). The composite aims to combine piezoelectric and elastic properties
for efficient energy conversion. BaTiO3 powders were synthesized via the sol-gel method using
barium acetate (Ba(CH3COO)2) and titanium isopropoxide (Ti(OC4H9)4) as precursors with deion-
ized water (H2O) and methanol (CH3O) as solvents, followed by thermal treatment at 1300℃ for 2
h. Additionally, cubic BaTiO3 powder from Aldrich was subjected to the same thermal treatment.
Structural characterization using X-ray diffraction (XRD) and scanning electron microscopy (SEM)
revealed an asymmetric tetragonal phase with an irregular morphology. PVDF films were synthe-
sized via the solvent-casting method and characterized using XRD and Fourier-transform infrared
spectroscopy (FTIR), identifying the predominance of the beta phase. Two composites were devel-
oped: one with synthesized BaTiO3 and one with BaTiO3 from Aldrich. Electrical characterization
was performed using an impedance analyzer to obtain capacitance curves as a function of frequency,
from which the dielectric constant (k) was calculated by comparing the results of both cases. The
experimental results confirmed that the synthesized BaTiO3 exhibited enhanced piezoelectric prop-
erties and sufficient mechanical elasticity in the PVDF/BaTiO3 composite for effective deformation
and energy conversion, suggesting its effective application in sustainable energy harvesting tech-
nologies.
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The degradation by using catalysts, especially metal oxides as thin films has been recently a novel
method for proper treatment of air and water contamination. Additionally, the thin films deposited
on flexible substrates provide light weight, easy bending, and low-cost processing. The zinc oxide
(ZnO) as a p-type semiconductor with a direct bandgap energy of 3.3 eV is a promising material for
photocatalytic activity, which it makes it active under UV-Vis light irradiation, for this reason, the
influence of the substrate on ZnO thin films has been studied on the degradation of methylene blue.
In the present work, ZnO thin films were deposited on glass, and polymeric nanostructured mate-
rials (polyethylene/graphene) substrates using the Successive Ionic Layer Adsorption and Reaction
(SILAR) method. This method involves sequential immersions of the desired substrate in different
cationic and anionic precursor solutions, getting a cycle of ion adsorption, rinsing, reaction, and
other rinsing. The cationic precursor consists of ZnSO4, complexed with triethanolamine (TEA), the
anionic precursor was hot deionized water at 90℃, and deionized water for rinsing. Structural, mor-
phological, and optical properties were analyzed using X-ray diffraction (XRD), Scanning Electron
Microscopy (SEM), and Ultraviolet-Visible Spectroscopy (UV-Vis), respectively, where the ZnO has
a hexagonal phase formation with grain sizes in the order of 36.8-48.7 nm, bandgap values around
2.77-3.7 eV, and homogenized surface over the different substrates. The photocatalytic evaluation
was performed by considering ZnO thin films deposited on the different substrate (glass or nanos-
tructured polymer).
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Photovoltaic panels are one of the most popular means of producing renewable energy, mainly be-
cause of the innovations that have been made to improve properties such as mechanical flexibility,
lightness, and semi-transparency. However, the conversion efficiency of photovoltaic cells is still
low (below 30%) compared with conventional generators. Much of the solar energy received by PV
modules is converted into heat, which increases their operating temperature. This contributes not
only to reducing the PV module’s efficiency (between 0.4% and 0.65% per ºC), but also to its degra-
dation ( reduced service life). Several techniques already exist in the literature to dissipate heat in
solar panels, such as the use of free or forced convection at the back of the panels, or the use of
phase-change materials… In this talk, we will discuss the experimental results of the device we have
developed, which consists of the incoparation of two thin layers of two special polymers that act
as heat sinks and significantly regulate the operating temperature of the PV module. Details of the
synthesis and characterization of the two polymers used will also be presented.
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Climate change poses significant challenges for building maintenance in regions like the South-
Southeast of Mexico, characterized by high humidity and extreme heat. This study introduces a novel
approach to address these challenges by developing and testing recycled polystyrene-based water-
proofing agents fortified with fiberglass, titanium oxide, and polyurethane. Formulations (M1 to M5)
were evaluated for their UV and IR rejection properties using spectrophotometric analysis.

Results indicate that formulation M5 achieves exceptional UV rejection (>99.5%) and significant IR
rejection (99.3%). Moreover, simulated tests in irradiation chambers demonstrate that M5 effectively
reduces thermal differentials by up to 16 ℃ compared to uncoated surfaces, potentially offering
substantial energy savings.

This research contributes to the field by presenting a practical and effective solution to enhance
building durability and energy efficiency in humid and hot climates. Further physical testing is
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recommended to assess adhesion and resistance to environmental degradation, validating the long-
term viability of these formulations for widespread application in building materials.
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The main goal of this talk is to describe how the systemic concept of chemistry nano-architectures
has been employed as the main strategy for designing chemically modified electrodes that have
been utilized for attending to alternative energy, environmental, and public health problems. In this
way, it will share with the audience some relevant results obtained in my laboratory for preparing
dendrimers-modified nanoparticulate TiO2 photoanodes for constructing efficient dye-sensitized so-
lar cells, Ni(II) cyclam-modified nanocrystalline TiO2 anodes for urea oxidation and simultaneous
H2 evolution on Pt cathodes, optically transparent electrodes modified by Ag, Cu or bimetallic Ag|Cu
nanoclusters for CO2 electrochemical reduction to CO, stainless steel mesh electrodes modified by
TiO2|carbon nanocomposites for CO2 photoconversion to ethanol, and glassy carbon electrodes mod-
ified by dendrimers-caped Au nanoparticles for the amperometric detection of human serum uric
acid and its application to the early diagnosis of hypo/hiper-uricemia and gestational preeclamp-
sia.
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We are experiencing essential changes in the environment that are a consequence of the increase
in anthropogenic activities, such as the excessive use of natural resources and the consequent gen-
eration of polluting emissions that seek to satisfy the needs of human beings, but at the same time
affect the different strata of the environment: water, soil, and air. Different research groups are
developing technologies that reduce pollutant emissions into the environment and destroy exist-
ing ones, using individual and combined biological, physical, chemical, and physicochemical treat-
ments. Within the latter, we find electrochemical treatments, which are based on the exchange of
electrons to promote electronic transfers between a substrate (electrode) and the medium (organic,
aqueous, or aqua-organic) in the presence of an electrolytic conductive species in solution (support
electrolyte). Currently, work is being done on the construction of modified electrodes with prop-
erties that can form the basis of new electrochemical applications with innovative technological
developments, where the substrate or material of an electrode to be modified can be titanium, steel,
platinum, gold, graphite, glassy carbon, tin or indium oxide, which can be modified with different
techniques; this molecular organization of the electrodes promotes a better electronic transfer that
increases the percentages of removal of contaminants in air, water, and soil in less time.
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Phenol is a toxicant from the petrochemical, resin, and pharmaceutic sectors and pollutes soil and
water bodies. This work aimed to investigate the applicability of activated carbon (AC) as a material
for a permeable reactive barrier to remove phenol from groundwater flow. Filtration tests were
conducted through the AC layer using 1 mM phenol solution in vertical and horizontal reactors.
The probes in the vertical reactor of 50 mL were conducted with AC mass of 1.3 g, solution volume
of 50 mL, and flow velocity of 0.0015 L/min during ~30 min, whereas 10 g of AC and 500 mL of phenol
solution were used in trials of ~220 min with the horizontal reactor of 36 cm3 at optimum velocity
of 0.002 L/min. The influence of pH (3, 7, 11) was studied. The remaining phenol concentration was
determined by UV-Vis spectrophotometry in a 1-cm width quartz cuvette. For the vertical reactor,
the average phenol removal at pH 3, 7, and 11 was 92%, 95%, and 83%, respectively. Phenol retention
increased for pH 3 until 15 min (87% to 94%), then remained almost unchanging (93%). It was close
to constant for pH 7, varying between 93% and 96%. Oppositely, it decreased nearly monotonically
for pH 11 from 93% to ~73%. In the horizontal reactor, phenol removal changed with time, almost
like in the vertical one. The average phenol removal for acidic, neutral, and basic conditions was
94%, 92%, and 90%, respectively. In an additional test at pH=3 with the higher flow rate (0.02 L/min),
the maximum and average retention decreased to 90% and 88%, respectively. Finally, a test with
“soil:AC”ratio of 50:1 and AC mass of 1.3 g was conducted in the horizontal reactor. Phenol removal
did not exceed 5% in that case.
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Water pollution is a primary environmental concern that poses significant human and animal health
risks. Various contaminants in water sources can lead to severe health issues. Despite using differ-
ent techniques to remove impurities, traditional wastewater methods only sometimes effectively
eliminate emerging pollutants, leading to continued water contamination. Electro-oxidation is an
effective technique used for the degradation of pharmaceuticals in water. This method uses electric
currents to break down contaminants, making it a valuable tool in the fight against water pollution.
This study aims to investigate the effectiveness of electro-oxidation using an IrO₂-Ta₂O₅|Ti anode by
comparing three different configurations. The configurations involved titanium mesh and carbon
cloth with and without constant airflow as cathodes. Additionally, the generation of H₂O₂ and •OH
radicals were measured to evaluate the performance of each configuration. The electro-oxidation
process was carried out at a cell voltage of 2.5 V for 120 minutes, with samples taken at various
intervals (3, 6, 9, 12, 15, 30, 60, and 120 minutes) to monitor progress. UPLC-UV-Vis identified the
removal of the model molecule amoxicillin (AMX) at a wavelength of 229 nm. Two different media,
0.1 M NaCl and 0.1 M Na₂SO₄ were used to compare the generation of H₂O₂ and •OH radicals. The
results showed higher levels of H₂O₂ and •OH radicals were produced in the 0.1 M Na₂SO₄ medium.
However, the removal of AMX was similar in both media, suggesting that the degradation pathway
of amoxicillin may differ. Specifically, it is believed that •OH radicals promote AMX removal in the
0.1 M Na₂SO₄ medium, while in the 0.1 M NaCl medium, removal is thought to be encouraged by
active Cl₂.

Keywords:

electro-oxidation, hydroxyl radical generation, amoxicillin.

Reference:

None.

This work was supported by:

CONAHCyT - CBF 2023-2024-1835

Author approval:

I confirm

Author will attend:

I confirm

RENEWABLE ENERGY / 381

MULTISTAGE SYSTEM TO DEGRADE TOLUENE IN POLLUTED
AIR
Author: Rosa López-Carbajal1

Co-authors: Antonia Sandoval 2; Erika Bustos Bustos 2; Goldie Oza 3; Issis Romero 4; Juan Manríquez 3; Karla
Bolaños-Romero 2

1 Centro de Investigación y Desarrollo Tecnológico en Electroquímica, S. C. (CIDETEQ)
2 Centro de Investigación y Desarrollo Tecnológico en Electroquímica, S. C. (CIDETEQ)
3 Centro de Investigación y Desarrollo Tecnológico en Electroquímica, S. C.
4 Unidad Profesional Interdisciplinaria en Ingeniería y Tecnologías Avanzadas (UPIITA) Instituto Politécnico Nacional

(IPN).

Page 211



XVII-ICSMV / Book of Abstracts

Corresponding Authors: ebustos@cideteq.mx, rcarbajal@cideteq.mx

One of the main factors influencing environmental problems is the constant increase in emissions of
pollutants into the atmosphere, highlighting volatile organic compounds (VOCs) such as toluene. In
the first stage of this project, a continuous system used in the toluene removal study was studied by
boiling a synthetic solution of 100 ppm toluene in ethanol, which was initially passed through the
adsorption column with activated carbon reactor (AC), followed by the electrochemical reactor (EC),
and finally, photolytic reactor (P), for 60 min. The AC contained activated carbon (HYCEL, PM 12.01)
packed in a 6 cm long column with a diameter of 2.5 cm. The EC consisted of a cylindrical PVC reactor
(30 x 10 cm), stainless steel cathode, and TiO2,nt|Ti anode; the P was made of stainless steel and
equipped with a 358 nm UV lamp. The toluene removal was evaluated by gas chromatography with
a BID detector (Shimadzu, Nexus GC-2030). In the project’s second stage, a cylindrical High-Density
Polyethylene (HDPE) reactor was designed and built. This reactor, housing the study electrodes, was
used to process a sample of air from Mexico City with a toluene concentration between 117-100 ppb.
A constant potential of 2 V was applied to the system for 3 hours, and samples were collected at the
reactor outlet for mass gas chromatography. The individual toluene removal efficiencies were AC-
50.29%, EC-44.38%, and P-52.71%. However, the most impressive result was when the three reactors
were coupled in a multistage system (AC+EC+P), achieving a remarkable toluene removal efficiency
of 99.58%.
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The study of ferromagnetism (FM) in non-cubic semiconductor oxides such as defective TiO2 is
attractive due to their applications in photocatalysis. FM can be activated in TiO2 nanomaterials
by promoting oxygen vacancies (VO) located in paramagnetic defected sites Ti3+VOTi4+. In this
context, the VO can induce in Ti3+-doped TiO2 structures remarkable magnetic anisotropy energy
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(MAE) of 6.51x106 erg/cm3, thus indicating the magnetic saturation should be achieved at magnetic
fields (MFs) of �425 gauss. Therefore, magnetostriction can be observed in ferromagnetic TiO2 films
as a phenomenon in which their dimensions and shapes are changed when they are magnetized. In
this work, stainless steel mesh electrodes (ss) were modified by nanoparticulate TiO2 films (ssTiO2)
enriched by Ti3+VOTi4+ sites, to gain an understanding of the effects of magnetostriction on the pho-
tocatalytic properties of ferromagnetic TiO2 electrodes. MFs having intensities (H) of 125, 250, 500,
1000, and 2000 gauss were applied to the ssTiO2 electrodes for 80 min under UV light illumination
for increasing the number of Ti3+VOTi4+ sites. Our results revealed that the magnetic lines pro-
moted compression in the grain boundaries of the TiO2 structure when achieving pressures p>4.67
GPa for H>425 gauss (equation p=1/2(MAE/4� gauss2)H2 describes the relationship between p and
H). Consequently, the proportion of TiO2(anatase)/TiO2(beta) and the photogeneration of trapped
holes (h+) and hydroxyl radicals (•OH) were simultaneously controlled as a function of the MFs
intensities. In this way, it was observed a significant increase of h+ able to carry out the direct
photocatalytic oxidation of aqueous orange G (without electron scavenger’s assistance, e.g. gaseous
O2) at the lowest H values, whereas the photogeneration of •OH radicals decreased at the highest H
values. Finally, it was also interesting to observe that the Hinshelwood-Langmuir kinetics constants
for the orange G oxidation were improved as H was increased.

Keywords:

ferromagnetic TiO2, magnetostriction, photocatalysis.

Reference:

Y. Bian et al., RCS Adv.,11 (2021) 6284. https://doi.org/10.1039/D0RA08359C

This work was supported by:

The National Council for Science and Technology (CONAHCyT) Mexico for the funding support (grants
CB No. 258789 and FOINS No. 3838). JIVN thanks CONAHCyT for his doctoral fellowship support
(grant No. 893260).

Author approval:

I confirm

Author will attend:

I confirm

RENEWABLE ENERGY / 382

EFFECTOFTHEMAGNETOSTRICTION INDUCEDONTHECRYS-
TALLINESTRUCTUREOFNANOPARTICULATETiO2PHOTOAN-
ODESANDTHEIRRELATIONSHIPWITHTHEPHOTOVOLTAIC
RESPONSE OF BLACK-DYE SENSITIZED SOLAR CELLS
Author: Juan Manríquez1

Co-authors: Jesús Israel Valdez-Nava 1; Isa Fernanda Pérez-Nava 2; Erika Bustos 1; Rocío Berenice Domínguez-
Cruz 3; José Alberto García-Melo 2

1 Centro de Investigación y Desarrollo Tecnológico en Electroquímica S.C.
2 Universidad Tecnológica de Tula-Tepeji
3 Centro de Investigación en Materiales Avanzados S.C.

Corresponding Author: jmanriquez@cideteq.mx

The study of ferromagnetism (FM) in semiconductor oxides having non-cubic crystalline structures
(e.g. TiO2) is attractive due to their applications in spintronics. FM can be activated in TiO2 nano-
materials by promoting oxygen vacancies (VO) in paramagnetic defected sites Ti3+VOTi4+. In this
context, the VO can induce in Ti3+-doped TiO2 structures remarkable magnetic anisotropy energy
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(MAE) of 6.51x106 erg/cm3, thus indicating the magnetic saturation (Ms) should be achieved by ap-
plying external magnetic fields (MFs) of �425 gauss. Therefore, magnetostriction can be observed in
ferromagnetic TiO2 films containing Ti3+VOTi4+ sites as a phenomenon in which their dimensions
and shapes are changed when they are magnetized. In this work, black dye-sensitized solar cells
(BD-SSC) were prepared using TiO2 nanoparticle films enriched by Ti3+VOTi4+ sites, to gain an un-
derstanding of the effects of magnetostriction on the photovoltaic responses of BD-SSC. In this way,
photocurrent density-cell potential plots were obtained for the BD-SSC in the absence and presence
of MFs having intensities of 125, 250, 500, 1000, and 2000 gauss. MFs lines were parallel applied
to the surface of the BD-sensitized TiO2 photoanodes. Our results indicated that the photogener-
ated electron transport through the dyed TiO2 photoanodes was not limited by electron transfer to
I3- anions at the electrolyte in the absence or the presence of MFs, because all the values for the
open-circuit potential (-Eoc � 0.553�0.014 V) remain constant. On the contrary, the obtained values
for the short-circuit current density Jsc and the global conversion efficiency revealed that both pa-
rameters increased as a function of the MFs intensities, thus indicating that the magnetic lines were
responsible for decreasing the degree of disorder (0<�<1) of the electron-traps at the intra-bandgap
state’s distribution of the TiO2 film (Jsc is proportional to Q1/� where Q is the number of trapped
electrons).
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Hemodialysis is an extracorporeal kidney replacement procedure to remove impurities or waste
products from the blood. It is used to treat kidney failure and go out into wastewater. This research
considered synthetic water from hemodialysis under acid and basic conditions. To better simulate
the presence of organic compounds, 10 mg/L of amoxicillin (AMX), an antibiotic commonly present
in wastewater from clinics and hospitals, was added. Electro-coagulation (EC) and electro-oxidation
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(EO) were combined sequentially to treat hemodialysis wastewater. EC was performed using a cylin-
drical SS-304 bar electrode (f = 0.8 cm) as an anode and a concentric Ti mesh as the counter electrode.
A 3.0 V cell potential was maintained over one hour of electrolysis in acidic pH (pH = 5.06, � = 227
mS/cm). This treatment yielded a removal efficiency of 86 ± 1.25 % of AMX contaminate (pH = 8.21,
� = 217.26 mS/cm, i = 11.36 mA, E = 0.568 kWh/m3). After EC, it was necessary to include a filtration
or separation process to remove the Fe(OH)3 and [AMX-cation-AMX] sludge generated (2.3 g). This
separation employed a settler. Subsequently, the supernatant was placed in an EO cell to remove
residual organic compounds as AMX. It used a similar cell arrangement as in EC but changed the
anode to IrO2-Ta2O5|Ti (70:30) (f = 0.5 cm) to perform the EO of the pharmaceutical product. During
this step, the team achieved an overall removal efficiency of AMX of 100 % (pH = 8.14, � = 179.83
mS/cm, E = 500 kWh/m3). EO was performed using a continuous 10 mA cell current for 2 h. EO gen-
erated reaction products ADP 1, ADP 2, and ADP 3. Additionally, this process decreased the content
of ‘salty’cations, Na+, K+, Ca2+, and Mg2+, while generating Cl2 gas at the electrode.
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In recent years Vanadium (V) has attracted great interest because it is an abundant element on the
planet, which has different vanadium oxides as: VO, VO2, V2O3, V6O13, V3O7 or V2O5, each of
which has different properties. In particular, Vanadium pentoxide (V2O5) presents greater interest
due to its chemical stability and its photocatalytic properties. V2O5 has an energy bandgap of ~2.3
eV, which favors photocatalytic reactions for the decomposition of contaminants in water under vis-
ible light, hydrogen production or its use as hole transport layer in solar cells 1. Different physical
and chemical methods have been used to deposit VOx thin films, including spray pyrolysis [2]. In
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particular, spray pyrolysis is a low-cost and versatile method where the materials selection (solvent,
precursors, additives, substrate) and the parameters optimization (molarity of solution, flow rate and
spray generation) have great influence in the final properties of the films, which offers several advan-
tages to control the morphology and growth of material [3]. In this work, nanostructured VOx thin
films are deposited by ultrasonic spray pyrolysis and the influence of precursor solution, substrate,
molarity and substrate temperature is correlated with structural and optical properties. Structural
and morphological properties are analysed by X-ray diffraction and scanning electron microscopy.
The optical band gap was calculated from UV-vis measurements. Thickness was evaluated by pro-
filometry, and the electrical properties was measured by a four points method. As grown samples
are crystalline, but different phases are present. A thermal annealing was performance to the sam-
ples to improve the crystallinity and decrease the presence of secondary phases. The increase of
molarity increases the thickness of film but decrease the homogeneity. The increase of substrate
temperature from 350 to 400 ℃ increase the thickness and the crystallinity of films. Morphology
and conductivity are dependent on the substrate used.
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Los rayos cósmicos son partículas cargadas con altas energías que chocan continuamente con la
Tierra. Su interacción con la atmosfera produce cascadas de partículas secundarias, las cuales nos
proporcionan información de las propiedades físicas, en particular, la energía de la partícula primaria.
La detección de estas partículas se realiza mediantes el estudio de su interacción con diversos materi-
ales. En este trabajo se muestra un sistema desarrollado localmente que usa como material revelador
un plástico centellador de síntesis propia. Se compara con simulaciones realizadas en GEANT4, lo
que permite visualizar este tipo de fenómenos con fines didácticos.
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El consumo de combustibles fósiles, las plantas industriales, el transporte automotor, la deforestación,
las actividades antropogénicas, entre otras, han contribuido al incremento de gases de efecto inver-
nadero (GEI), al incremento de la temperatura global del planeta y al desabasto o contaminación
de recursos naturales como el caso del agua. Un enfoque prometedor para mitigar los problemas
ambientales y de energía es el uso de nuevos materiales cerámicos, como catalizadores, que puedan
ser usados en varias aplicaciones y que ofrezcan respuesta a los retos que actualmente enfrentamos.
Esta charla versará sobre la síntesis, caracterización y aplicación de materiales tipo óxidos laminares
como catalizadores heterogéneos, desde una perspectiva de economía circular. Se presentarán tres
casos de estudio en la producción de bioenergéticos, tratamiento de agua y captura de CO2, con el
objetivo de desarrollar nuevas tecnologías y disminuir su impacto ambiental.
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En la actualidad, la escasez de agua y la contaminación hídrica se han tornado en desafíos críticos,
donde la demanda de agua limpia “segura”para consumo humano, agricultura e industria, entran
en conflicto con la limitada disponibilidad de recursos hídricos de calidad. Además, la existencia
de contaminantes emergentes, como productos farmacéuticos, disruptores endocrinos y productos
químicos industriales, plantea nuevas amenazas para la salud pública y el medio ambiente. En este
contexto, el uso de tecnologías emergentes como la fotocatálisis y la sonocatálisis, surgen como
una respuesta efectiva y prometedora para abordar la problemática del agua. Estas innovadoras tec-
nologías, aprovechan la luz solar o la radiación ultravioleta para activar catalizadores, en el caso de
fotocatálisis, y la irradiación ultrasónica, en el caso de la sonocatálisis, para favorecer la descom-
posición de contaminantes presentes en el agua. Estas tecnologías ofrecen ventajas significativas,
incluida una mayor eficiencia en la remoción de contaminantes, tiempos de tratamiento más cortos y
menores costos operativos en comparación con los métodos convencionales. Además, su aplicación
puede adaptarse a una variedad de contextos, desde sistemas de tratamiento de aguas residuales
hasta la purificación de agua potable a pequeñas escalas. En esta conferencia, dirigida al público
en general, exploraremos cómo estas tecnologías emergentes representan un paso adelante en la
lucha contra la crisis del agua, abordando temas tanto de importancia, escasez y como la contam-
inación. Analizaremos el funcionamiento de las técnicas, sus aplicaciones prácticas, ventajas y su
potencial para impulsar un futuro más sostenible en términos de un subministro de hídrico seguro
y sostenible.
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La nanotecnología es un campo de la ciencia que estudia la materia a una escala extremadamente pe-
queña, a nivel de átomos y moléculas. Un nanómetro es tan pequeño que se necesitarían mil millones
de ellos para hacer un metro. Surgió a partir de la idea de manipular estas partículas individualmente,
propuesta por el físico Feynman en el año de 1959. El término “nanotecnología” fue acuñado por
primera vez en 1974 por Taniguchi. Posteriormente, en 1985, los químicos Kroto, Smalley y Curl des-
cubrieron los fullerenos, una forma de carbono con una estructura esférica cerrada, seguidos en 1991
por el descubrimiento de los nanotubos de carbono por Sumio Iijima. Estos hallazgos marcaron el ini-
cio de la nanotecnología moderna. En el año 2004, los físicos Geim y Novoselov aislaron el grafeno,
un material bidimensional de una sola capa de átomos de carbono, abriendo la puerta a una gama
amplia de aplicaciones. Además del grafeno, otros materiales bidimensionales, como el disulfuro de
molibdeno, y las nanopartículas, también tienen propiedades únicas que están siendo estudiadas. Los
materiales nanométricos están presentes en varios aspectos de nuestra vida, aunque a menudo no
nos demos cuenta. En la electrónica, los componentes en la mayoría de los dispositivos se han minia-
turizado para mejorar su rendimiento. En la medicina, la nanotecnología se utiliza en el desarrollo
y liberación de fármacos, así como en el tratamiento y diagnóstico de enfermedades como el cáncer.
También existen textiles tratados con nanopartículas para hacerlos repelentes al aceite y al agua, así
como para adquirir propiedades antibacterianas; inclusive se pueden encontrar nanopartículas en
diversos productos cosméticos y de cuidado personal, como los protectores solares. Estas son solo
algunas de las formas en las que la nanotecnología impacta nuestras vidas diarias, y su influencia
sigue creciendo a medida que la investigación y el desarrollo continúan avanzando.
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Los metales pesados han sido la base del progreso humano en varios aspectos, como semiconduc-
tores, electrónica, maquinaria pesada, entre otros; sin embargo, la falta de manejo después de su vida
útil, representa un grave problema ambiental que se está agravando por la constante extracción de
mineral en las minas como consecuencia de esta ‘era de los semiconductores’. La contaminación por
metales pesados se ha convertido en una preocupación alarmante debido a su riesgo para la salud
humana y de las formas de vida acuáticas, los suelos y los ecosistemas en general. Existen varios
enfoques para abordar este problema, incluida la absorción, la extracción química, la separación por
membranas, la electrocinética y la fitorremediación, por mencionar algunos de ellos. No obstante,
estos métodos tienden a no ser tan eficientes, es por eso que se están desarrollando métodos in-
novadores e irónicamente, algunos de ellos se basan en metales pesados. El ejemplo más notable
podría ser el uso de catalizadores que contienen bismuto, zinc o vanadio para eliminar el arsénico,
el cadmio u otros metales del agua; si bien esta alternativa puede ser confiable, el uso de tecnologías
emergentes como bigdata, aprendizaje automátizado y otras, puede aumentar notoriamente la tasa
de eficiencia. En este trabajo revisamos las técnicas actuales para descontaminar el medio ambiente
de metales pesados, centrándonos en estrategias que emplean metales pesados como ingrediente
activo y potenciadas por tecnologías de la llamada ‘cuarta revolución industrial’.
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Los supercapacitores son dispositivos innovadores que almacenan energía de manera rápida y efi-
ciente. A pesar de ser menos conocidos que las baterías, son extremadamente útiles en dispositivos
electrónicos que requieren energía inmediata, como cámaras y computadoras. Se destacan por su
capacidad para cargarse y descargarse en segundos, y su larga vida útil de hasta 20 años, con la
capacidad de soportar más de 100,000 ciclos de recarga. Aunque almacenan menos energía que las
baterías, lo hacen mucho más rápidamente.
Un supercapacitor está compuesto por electrodos (materiales conductores de electricidad), un sep-
arador dieléctrico (material no conductor) y un electrolito (como una solución salina). Estos com-
ponentes permiten el almacenamiento de energía mediante cargas eléctricas o reacciones químicas
rápidas. Los supercapacitores se utilizan en tecnologías verdes, como en paneles solares para esta-
bilizar la energía, y en vehículos eléctricos, donde facilitan la frenada regenerativa y proporcionan
energía de forma instantánea.
Actualmente, la investigación se centra en desarrollar nuevos materiales, como el grafeno, para mejo-
rar la eficiencia y las propiedades de los supercapacitores. Estos dispositivos representan una tec-
nología prometedora para el almacenamiento de energía rápido y eficiente, con numerosas aplica-
ciones futuras en tecnología y sostenibilidad energética
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Algo que la ciencia de frontera puede agradecer al cine, televisión y series de streaming, es la difusión
de nuevas ramas del conocimiento, como por ejemplo: la nanotecnología. El mundo lo infinitesimal.
En el título de la platica se plasman palabras de uso muy reciente, todas con el prefijo “nano”. Como
tal vez hayas constatado en las películas, es realmente fantástico el mundo de posibilidades que se le
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han adjudicado a estas nanocosas: maquinas minúsculas reparadoras de órganos humanos, restau-
radores del medio ambiente, combate de plagas, establecen batallas contra células cancerígenas y
otras enfermedades, combaten el envejecimiento con radicales antioxidantes, son minúsculos men-
sajeros de entrega de medicina nano local, habilitan el intercambio de información ultrarrápida y
de encriptación ultra-segura, son entes minúsculos pero a su vez demasiado fuertes en relación a
su tamaño, hábiles surfeadores en torrentes sanguíneos, entre otras propiedades. Se insta a los asis-
tentes en esta platica a imaginar nuevos escenarios reales, futuristas y/o imaginarios, compartiendo
sus críticas y externando opiniones acerca de que si el cine sueña o enseña. El expositor como guía
te expondrá entre otras cosas la dimensión de las cosas que se pretende dominar en esta nueva área
de la Ciencia, se presentarán las posibilidades para manipular la materia a esta escala y algunos de
los hallazgos y avances científicos reales
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Resumen
Sabemos que el ambiente está en crisis debido a varios fenómenos climáticos tales como sequías, in-
undaciones y huracanes, que están relacionados con el calentamiento global causado principalmente
por el uso excesivo de combustibles fósiles de los seres humanos. A lo anterior se le suma nuestras
actividades cotidianas que impactan negativamente al agua, contaminándola con residuos muchos
de ellos de difícil degradación. Ante esto, es importante preguntarnos: ¿qué estamos haciendo para
solucionar los problemas que nosotros mismos provocamos?, una de las respuestas a esta pregunta
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va encaminada desde el punto de vista científico y tecnológico del área de la Ciencia e Ingeniería de
materiales, recordando que a lo largo de la historia hemos utilizado diferentes materiales para crear
herramientas y satisfacer diferentes necesidades. En la actualidad, uno de los esfuerzos más impor-
tantes de la comunidad científica es aprovechar las propiedades o desarrollar nuevas funcionalidades
de los materiales, entre los cuales resaltan los semiconductores por sus propiedades ópticas y eléc-
tricas especiales, que les permiten atender algunos problemas ambientales principalmente relaciona-
dos con el aprovechamiento de la energía solar y la remediación ambiental, así, pueden utilizarse
en celdas solares (fuentes alternativas de energía) y también como fotocatalizadores (degradación
de contaminantes en el agua). En esta plática se comentarán aspectos importantes para comprender
mejor el tema de los semiconductores, sus propiedades y cómo estás se pueden aprovechar para de-
sarrollar soluciones tecnológicas sostenibles que mejoren nuestro entorno, resaltando la importancia
de la ciencia y tecnología de los materiales en la resolución de problemas reales.
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Los contaminantes, como pesticidas, fármacos y colorantes, representan una amenaza significativa
para el medio ambiente y la salud humana debido a su capacidad para resistir la degradación natu-
ral. Estos contaminantes persistentes pueden acumularse en los ecosistemas acuáticos afectando a
la fauna y flora, por lo que su eliminación eficaz es crucial para garantizar la calidad del agua. Para
ello, es necesario buscar alternativas para su degradación y que permitan reutilizar el agua resid-
ual producida por el ser humano; una de estas opciones es la fotocatálisis (un proceso avanzado
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de oxidación que utiliza la energía de la luz para activar materiales semiconductores, generando es-
pecies reactivas capaces de descomponer contaminantes persistentes). Es decir, bajo la exposición
a la luz, los fotocatalizadores producen radicales libres que atacan y rompen las moléculas de los
contaminantes, transformándolos en compuestos menos dañinos. Los materiales semiconductores
pueden ser aplicados en forma de recubrimientos sobre diversas superficies para ser usados como
fotocatalizadores, lo que permitirá su implementación en sistemas de tratamiento de agua; entre sus
ventajas se destacan su capacidad para degradar una amplia gama de contaminantes y su posible
sustentabilidad al utilizar luz solar como fuente de energía. Sin embargo, existen desafíos técnicos y
económicos que limitan su uso industrial, estos incluyen una baja eficiencia de los fotocatalizadores
bajo condiciones de luz natural, la durabilidad y estabilidad de los recubrimientos, y el diseño de
sistemas adecuados para su uso conocidos como reactores fotocatalíticos. A pesar de estos desafíos,
el grupo de investigación de diseño y optimización de recubrimientos avanzados (DORA-Lab) así
como distintos grupos de investigación estudian y proponen diferentes materiales para ser aplica-
dos en procesos fotocatalíticos, los cuales prometen soluciones innovadoras y más eficientes para la
purificación de agua en el futuro.
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La inteligencia artificial se ha convertido en ese tema de moda que comenzamos a ver en todas partes,
desde las entretenidas aplicaciones de chat, reconocimiento de voz, detección de imágenes, asistentes
virtuales, mejora de fotografías, recomendaciones personalizadas y un sinfín de implementaciones
mas con las que ya convivimos día a día.
Ya en la década de 1950 desarrolladores e informáticos soñaban con la posibilidad de crear maquinas
que asimilaran tareas propias a las que es capaz de realizar un ser humano. Por años se avanzó a
pasos lentos pero firmes en el desarrollo de algoritmos de aprendizaje automático, pero no fue hasta
el año de 1997 cuando la sociedad realmente se interesaría en la inteligencia artificial, después de
que la computadora “Deep Blue”derrotara al campeón mundial de ajedrez Garry Kasparov.
Una vez demostradas las capacidades de una computadora con inteligencia artificial su implementación
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para una amplia cantidad de aplicaciones era solo cuestión de tiempo. Las computadoras que acos-
tumbrábamos usar para automatizar labores ahora no solo podían realizar tareas que considerábamos
propias de una mente humana, sino que, quedó demostrado que pueden hacerlo más rápido y pueden
hacerlo mejor.
En el año 2023 se alcanzó otra gran hazaña en la historia de la inteligencia artificial, finalmente, el
sueño de cualquier estudiante se había cumplido, una inteligencia artificial que pudiera resolver tus
tareas en cuestión de segundos llegó al alcance de toda la humanidad. ChatGPT y algunos otros
de los denominados “chatbots”han llegado para quedarse, pero este nuevo y gran avance nos pone
nuevamente en duda, ¿Qué vendrá ahora?, ¿Hasta dónde podrá llevarnos la inteligencia artificial?
Imaginemos por un momento que logramos que las computadoras hagan ciencia por nosotros, y que,
como en muchas otras tareas, son más rápidas y mejores haciéndolo.
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La fotografía convencional con sensores RGB capta la luz dispersada desde un objeto iluminado en
el rango óptico con gran calidad. Sin embargo, los sensores de las cámaras multiespectrales e hipere-
spectrales, captan imágenes en longitudes de onda más allá del espectro visible. Especialmente éstas
últimas emulan y superan a las técnicas espectroscópicas usadas en ciencia de materiales, ya que con
imágenes se escalan dichas técnicas que sólo sirven para caracterizar muestras muy pequeñas. En
esta ponencia expondremos diversas imágenes multiespectrales en papaya, caña de azúcar y nopal.
La agricultura de precisión hace uso de estas herramientas tecnológicas para monitorear campos
de cultivo con el fin de mantenerlos en buen estado fitosanitario, con imágenes hiperespectrales es
posible visualizar de manera certera lo que con el ojo humano no es posible realizar a simple vista.
Fenómenos de diverso tipo como los sanitarios, hidrometeorológicos, químicos sobre los campos agrí-
colas son más fácilmente cuantificables que si no se tuvieran estas herramientas. Sin embargo, el
diagnóstico no es suficiente y se requeriría alguna clase de solución que fuera amigable con el medio
ambiente, por ejemplo cuando se tratara de un fenómeno sanitario. A saber, el control biológico de
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plagas podría ser el siguiente paso cuando se tuviera un diagnóstico temprano de un fenómeno sani-
tario como plagas insectiles. En este caso, hablaremos del uso de microorganismos entomopatógenos
insertados en micropartículas de zeolitas que sirven como plaguicidas que no tienen efectos adversos
al medio ambiente y que atacan de manera específica los diferentes agentes biológicos que merman
la productividad de un cultivo.
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Nuestra vida cotidiana sería muy diferente sin la electricidad. Muchos de nuestros instrumentos
como teléfonos, computadoras, tabletas, televisiones, aparatos del hogar e incluso automóviles la
aprovechan para funcionar. En nuestros hogares y en todos los edificios se utiliza para la iluminación,
acondicionamiento de aire, vigilancia, etc. Los fenómenos eléctricos están presentes también en la
naturaleza; el ejemplo más notorio es el rayo. Pero también los impulsos nerviosos que nos hacen
pensar y vivir funcionan en base a procesos de este tipo. Pero: ¿qué es la electricidad? ¿qué produce
estos fenómenos tan maravillosos y tan útiles? En esta plática abordaremos estos temas. Empezare-
mos dando un contexto histórico, desde las experiencias de los griegos con el ámbar y la invención
de la brújula en China, antes de la era cristiana, hasta el desarrollo de la tecnología más moderna.
Comentaremos las aportaciones de científicos como Coulomb, Oersted, Ampere y Faraday que per-
mitieron llegar al conocimiento clásico de la electricidad y magnetismo, sintetizado en las célebres
ecuaciones de Maxwell. También explicaremos cómo se genera la electricidad que aprovechamos en
nuestras vidas y daremos algunos consejos prácticos para no sufrir accidentes por descargas eléc-
tricas. La plática se acompañará con algunos experimentos sencillos que ilustran algunos de los
conceptos abordados.
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Cada vez más personas apuestan por tecnologías eficientes, sostenibles y respetuosas con el medio
ambiente. En esta línea, la iluminación con LEDs nos permite hacer una contribución significativa en
el cuidado del planeta. Los diodos emisores de Luz (LEDs) son pequeños pero poderosos dispositivos
formados por las uniones de materiales semiconductores que, al hacer pasar una corriente eléctrica
a través de ellos emiten la luz que los caracteriza. Estas versátiles fuentes de luz se encuentran
en una infinidad de dispositivos que usamos a diario, como radios, televisores, celulares, equipos
de cómputo, electrodomésticos y automóviles. Las ventajas de la iluminación LED son múltiples
y muy importantes: consumen mucho menos energía y tienen una vida útil mucho más larga que
el sistema de iluminación tradicional, producen una luz nítida y brillante, y son más seguras para
el medio ambiente al no contener mercurio. Además, las luces LED ofrecen una amplia variedad
de colores y temperaturas, lo que las hace ideales en distintos ambientes. En esta charla, explicare-
mos de una manera sencilla el principio de funcionamiento de los LEDs, un poco de su historia y
evolución, y exploraremos algunos materiales semiconductores que han sido claves en su desarrollo.
También, destacaremos las aplicaciones más comunes y sorprendentes de estos dispositivos, y final-
mente, presentaremos sus beneficios, el impacto ambiental positivo y su increíble potencial para el
futuro.
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The Gallium nitride arsenide alloy (GaN_x As_(1-x)) is an outstanding semiconductor ternary mate-
rial in the development of solar cell devices. For example, by adjusting the nitrogen content (%N) in
the GaNAs, the bandgap energy (E-) can be tuned to optimize the absorption spectrum for energy
harvesting applications. Nevertheless, there is a lack of information on the role of this III-N-V ma-
terial on low-dimensional systems 1. In this work, two GaNAs/GaAs multi-quantum wells (MQW)
sequences embedded on GaAs are explored where the GaAs barrier is kept at 18 nm while the GaNAs
well is 6 nm for A-samples and 12 nm for B-samples, both with 15 periods of the quantum well se-
quence. Molecular Beam Epitaxy (MBE) was employed to fabricate the samples using an intrinsic
GaAs-base (100) substrate, a 300nm-thick GaAs buffer layer, the MQW sequence, and a 100nm GaAs
capping layer. High-resolution X-ray diffraction (HRXRD) is a useful technique to characterize the
crystallinity and determination of nitrogen mole concentration in the alloy (%N), finding a value of
0.6 and 0.8 for samples A and B, respectively. A broadening in the diffraction peaks were found
for sample B in contrast with sample A, indicating a degradation of the crystallinity caused by both
the higher %N and upper volume of the GaNAs alloy in sample B. Satellite peaks were found in the
HRXRD measurements indicating the presence of the MQW. The electric field strength and distribu-
tion along the samples was investigated using photoreflectance (PR) and the E- and GaAs band gaps
were also determined at 1.3(1.2) eV and 1.42(1.42) eV for sample A(B). Spectral features associated
to MQW were observed in the PR spectra. Ellipsometry was used to analyze the electronic band
structure of both samples through the pseudo-dielectric function, finding that increasing the %N the
strain effect on valence band increases
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In recent years, there has been much interest in studying Aluminum Nitride (AlN) because of its
promising properties for fabricating electronics devices. It’s high thermal conductivity and elec-
tron mobility make it suitable for the development of high frequency transistors and high-power
diodes. AlN also possesses a wide band gap energy, making it ideal for applications such as light-
emitting diodes (LEDs) in the ultraviolet region, having germicide and sterilization applications. In
this study, we investigate the influence of substrate temperature has on the morphology, structure,
and optical and thermal properties of in thin AlN films deposited on Silicon (111) using plasma-
assisted molecular beam epitaxy technique (PA-MBE). We report estimated values of the band gap
energy, thermal diffusivity constant as well as strain and stress within the films. Sush parameters
were obtained through by using modulated spectroscopy, photoacoustic spectroscopy (PAS), X-Ray
diffraction (XRD) and, Raman spectroscopy and photoacoustic spectroscopy (PAS)respectively. Mor-
phology analysis was obtained using atomic force microscopy accompanied with scanning electron
microscopy (SEM). Finally optical, thermal, and structural parameters were correlated to the growth
conditions of the thin films.
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Exploration of proposals to address environmental issues, such as water decontamination, is a topic
of significant interest. Advanced oxidation processes, such as heterogeneous photocatalysis, present
feasible options for degrading organic pollutants in water. Thus, there has been a recent surge in
research efforts focused on identifying ideal thin film photocatalysts. This study aimed to evalu-
ate a semiconductor bilayer comprising nanostructured hematite (α-Fe2O3) layered over an ultra-
thin zinc oxide (ZnO) film. Two systems were studied labeled as α-Fe2O3/ZnO(5nm)/Glass and
α-Fe2O3/ZnO(15nm)/Glass. The synthesis of ultrathin layers of ZnO was conducted using atomic
layer deposition (ALD), whereas the deposition of the 200 nm α-Fe2O3 overlayer was carried out
through chemical bath deposition (DBQ) with a subsequent thermal treatment. The photocatalytic
behavior of each layer within the bilayer was individually assessed and then correlated with vari-
ous factors, including crystalline structure, bilayer thickness, morphology, and optical properties of
the systems. The primary findings revealed that while the intrinsic properties of hematite remained
intact, significant morphological alterations were observed related to the different growth stages
of hematite over each of the ZnO substrates. These variations also influenced the performance in
indigo carmine degradation, where the bilayer featuring greater thickness of ZnO demonstrates the
most favorable results. These outcomes underscore the high potential of the proposed bilayers for
the degradation of persistent pollutants in water.
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The semiconductor p-i-n structures are one of the most important and useful photovoltaic archi-
tectures, being the GaAs-based devices one of the most employed semiconductor systems and still
looking for strategies to obtain high-efficiency devices. In this task, the appropriate design and con-
trol of the built-in electric field is mandatory to solve problems such as recombination at surface and
improve the photoelectric effect. In this work, a p++/p+/i/n GaAs-based semiconductor structure
grown by MBE is studied through photoreflectance spectroscopy (PR) with the aim to determine
the number of built-in electric fields along the sample. The electric field at surface is modulated by
varying the p++ caping layer thickness, CLT. H2O2/HCl/H2O chemical wet etching was employed
to vary the CLT from 0 to 120 nm, also modifying the carriers’distribution and the electric field
strength (Eint). Franz-Keldysh oscillations (FKO) in PR spectrum were employed to evaluate the
Eint. The total built-in electric field changes around 10 to 4% with the wet etching, suggesting a re-
distribution of the carriers and variations on the built-in electric fields along the sample. The ΔR/R
intermediate-field spectrum was fitted utilizing the Aspnes and Studna model 1, finding 4 principal
built-in electric field regions along the sample. Furthermore, the fast Fourier transformation (FFT)
was used to evaluate the internal electric fields, detecting the presence of 4 frequencies in agreement
with the fitting process. A numerical study of the built-in electric field distribution was conducted
to contrast the experimental results against the theoretical ones. The modifications of the surface
electric field induced by the wet etching made the identification of the origin of the PR signals as
well as identification of the origin of the built-in electric field.
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This work reports a study of Grphene-Zinc Oxide films deposited by Ultrasonic Spray Pyrolysis (USP)
technique. The films were deposited on glass substrates at 460℃ with different thicknesses, respec-
tively. The samples were characterized by X-ray diffraction (XRD), Scanning Electron Microscopy
(SEM), I-V measurements, and Hall Effect techniques, respectively. XRD results revealed that the
G-ZnO thin films were polycrystalline with a hexagonal wurtzite ZnO phase and had preferential
orientations along (002) planes. Therefore, films revealed a value of resistivity approximately (6.8x10-
3Ω.cm). The glucose-sensing properties of the as-prepared G-ZnO thin film were investigated for
various thicknesses. From sheet resistance, it was found that films present a change of their value
when the measurement of glucose are done. The G-ZnO thin film exhibited a good response at room
temperature.
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Quantum dots (QDs) have been receiving a lot of attention due to their optical characteristics and
quantum confinement effects for various applications like optoelectronics, lasers, photodetectors,
amplifiers, and solar cells 1. InAs QDs grown on InGaAs undelaying layers are studied in this study,
varying indium (In) composition (0 ≤ x ≤ 0.18) with the aim to understand the effects of lattice mis-
match between the InAs and InGaAs on the size, shape, and optical qualities of QDs. Molecular Beam
Epitaxy (MBE) was employed to synthesize the semiconductor nanostructure GaAs buffer layer (150
nm), InxGa1-xAs (100 nm) layer, and finishing with self-assembled InAs QDs (2 ML). RHEED char-
acterization indicated an inverse proportional relaxation time for QD formation as In composition
increases, as well as their maximum intensity formation, the growth rate was also studied with
this technique and their development of angle in QD RHEED structures, called chevrons. HRXRD
showed the intensity profiles and evolution of the InxGa1-xAs layer. Atomic force microscopy anal-
ysis was used to measure QDs height, thickness and density, finding a relationship between the
underlying layer and the QDs on top. The insights gained from this investigation allow us to study
QD formation and growth mechanisms. This arrangement lets us explore how substrate composi-
tion affects QD nucleation, growth speed and interfacial characteristics. As indium composition
increased, the QD formation time narrowed, decreasing the time for its formation and their height
increased as composition. Aswell as their bandgap distribution. This allows us to fine tune the
parameters of the QDs.
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Growing urbanization, industry, agriculture, deforestation, production habits and energy consump-
tion have generated the presence of substances that contaminate water, soil, vegetation, and the
atmosphere. Sensors are analytical devices capable of detecting chemical species continuously and
reversibly to measure concentrations and/or presence of gases in their environment at a certain op-
erating temperature to overcome the ionization potential when detecting a gas. Today, there are
several synthesis methodologies for this material. However, in this work, we synthesize WO3 using
the wet coprecipitation method with ultrasonic irradiation, which allows us to achieve ideal temper-
ature conditions and reduces the synthesis time.
X-ray diffraction, Raman spectroscopy, and photoluminescence previously characterized the syn-
thesized material.. DRS, AFM, and SEM will be used to elucidate the structural, optical, and mor-
phological properties. The WO3 films were obtained using the Doctor Blade technique, obtaining
5 μm thick films. Rietveld refinement was carried out based on XRD data, where a γ-monoclinic
crystalline phase of WO3 was confirmed (Tan et al., 2021). The increase in temperature caused an
increase in the size of the crystallites and a decrease in microdeformation and dislocation density,
which caused variations in the intensity of the Raman peak, in addition to changes in optical co-
efficients, morphology, and gas detection. ; the 400 ℃ film sensor had the shortest response and
recovery time (29.5 s). time (36.83 s) for CO2 detection, making it a promising sensor for closed sites.
The 600℃ film sensor, with a detection response of 70.12% and sensitivity of 46.45%, is best suited
for CO2 detection.
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Transparent conducting molybdenum-doped zinc oxide films are prepared by thermal vacuum evap-
oration from a mixture of powders of ZnO and MoO3. The MoO3 content in the evaporation boat
varies from 0 to 5 wt%, and each film is poly-crystalline with a hexagonal structure and a preferred
orientation along the c axis. The resistivity first decreases and then increases with the increase in
MoO3 content. The lowest resistivity achieved is 9.2 × 10-4 Ω-cm, with a high Hall mobility of 30
cm2 ·V-1 ·s-1 and a carrier concentration of 2.3×1020 cm-3 at an MoO3 content of 2 wt%. The average
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transmittance in the visible range is reduced from 80% to 60% with the increase in the MoO3 content
in the boat.
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The advent of two-dimensional (2D) materials has instigated a paradigm shift in semiconductor
growth methodologies, introducing innovative techniques such as quasy Van der Waals (QVdW)
epitaxy, which exploit the weak out-of-plane bonds inherent in these materials 1. Among these
materials, Gallium Arsenide (GaAs) and Aluminum Arsenide (AlAs) are semiconductor with unique
electronic and structural properties, rendering them highly desirable for advanced device fabrication.
Their compatibility with other III-V semiconductors facilitates seamless integration into complex het-
erostructures, enabling optoelectronic device engineering. Furthermore, the prospect of integrating
AlAs with graphene (G) holds immense potential for the development of next-generation electronic
devices with unprecedented functionalities [2].
In this study, we present a novel methodology for the epitaxial growth of GaAs and AlAs utilizing
Graphene/GaAs(100) as a substrate during Molecular Beam Epitaxy (MBE) or Closed Space Vapor
Transport (CSVT) processes. Specifically, a monolayer of graphene was meticulously transferred
onto a GaAs substrate, serving as a template for subsequent AlAs and GaAs deposition. Through sys-
tematic investigation of GaAs and AlAs growth across a range of different conditions, we observed a
discernible influence of Graphene on the morphology and crystallinity of the deposited layers, char-
acterized by scanning electron microscopy and x-ray diffraction respectively. These observations
underscore a significant interfacial interaction between graphene and the III-V semiconductors, sug-
gesting the potential for enhanced control over the epitaxial growth process. Such insights into the
influence of graphene on GaAs and AlAs growth dynamics hold promise for the precise engineering
of advanced electronic devices with tailored properties. This study lays the groundwork for further
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exploration into the utilization of graphene on the growth of various III-V semiconductors, thereby
opening up new avenues for the advancement of electronic and optoelectronic technologies.
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This work aims to develop a gallium oxide (Ga₂O₃) heterostructure doped with magnesium on a sili-
con substrate for potential use as a UV solar blind photodetector. The growth process begins with the
creation of a seed layer via plasma-enhanced atomic layer deposition (PEALD), utilizing trimethyl
gallium and trimethyl magnesium as precursors, argon as a carrier gas, and oxygen for plasma gen-
eration. The growth temperature was maintained at 150℃. Structural properties were characterized
using X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS). The process continues
with ultrasonic spray pyrolysis (USP) to deposit a bulk layer, enhancing the capture of ionizing radi-
ation. Gallium (III) nitrate hydrate (Ga(NO₃)₃•xH₂O) is used as the precursor in this stage. This study
explores the potential to achieve a P-type material through PEALD and examines its influence on
the subsequent growth of Ga₂O₃ by USP. Additionally, we investigate how temperature variations
impact key performance metrics of the photodetector.
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In the last decade, quantum dots have demonstrated remarkable performance in advancing devices of
great importance, with the potential to transform everyday life. This is due to their optical, structural,
and electronic properties, providing groundbreaking applications such as quantum-based cryptogra-
phy, spintronics, and light-emitting diodes. Given the substantial future technological advancement
they are upheld of it is worthy to investigate basic but relevant issues that determine in a great deal
most of the physical properties of the quantum dots, i.e. the self-assembly process. In particular,
QDs are usually synthesized by the so-called Stransky Krastanov growth mode that takes place in
the growth of lattice mismatched semiconductor crystals, such as InAs and GaAs. The strength of the
misfit strain (fs) is a key factor in determining the QDs geometry, energy-free planes or facets build-
up the QD as a result of minimizing strain during self-assembling. Four facets define a square pyra-
midal QD, whose vortex angle (α) can be monitored experimentally. In this work, we have grown the
InGaAs/GaAs heterostructure to modulate the misfit strain prior to the InAs-QDs self-assembling.
For QDs grown directly on InGaAs, the biaxial strain (εxx) above the apex increases linearly with α,
while below the islands it decreases exponentially. We increase the epilayer/substrate misfit strain fs
before InAs-QDs self-assembling and noticeable changes in QDs geometry were observed, inducing
in this way changes in the strain fields that surrounds the QDs and within it. �xx shows a linear
dependence below both the QDs pyramidal base and GaAs layer with f. However, the strength of
εxx, below QDs the tensil strain decreases with fs, while the compressive strain increases.
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In this study, an extremely simple methodology is reported to synthesize high-purity CuFeS2 and
CuFeS2 mixed with ZnS using microwave radiation from a conventional household microwave oven
of 0.7 to 1.3 kW. For the synthesis of CuFeS2, stoichiometric amounts of 99.9 % pure Fe, Cu, and S
powders are weighed and mixed thoroughly under a nitrogen atmosphere inside a glove chamber.
Powders size ranges from 2 to 40 micrometers for Fe, 20 to 120 micrometers for Cu and 2 to 60 mi-
crometer for S. The mixture is placed inside a closed glass container to avoid the presence of oxygen,
and exposed typically from 5 to 10 seconds to the microwave radiation, until a sudden very highly
exothermic reaction takes place. X-Ray characterization and electrochemical cyclic voltammetry
show that following this method the mineral formed is CuFeS2. The formation of any other sul-
furous phase containing these three elements is not observed, neither residue of the three starting
elements. When 99.9% pure Zinc powder is gradually (increments of 1% of Zinc powder), added to the
initial mixture, X-ray diffractograms show the formation of hexagonal (Zn,Fe)S Wurtzite together
with CuFeS2. Optical and Scanning electron microscopy images show that the minerals synthetized
following this method have a fractal sponge-like porous structure, with a measured BET surface area
of 0.83 m2/g. This synthesis methodology has several advantages when compared to conventional
hydrothermal methods, since it does not require using high pressure and high temperature autoclave.
It also does not require long exposure times of weeks or months, neither chemical precursors other
than elemental Cu, Fe, S and Zn.

Keywords:

Chalcopyrite, Wurtzite, microwave synthesis

Reference:

Gonzalo Viramontes-Gamboa, Berny Fernando Rivera-Vasquez and David G. DixonThe Active-to-passive
Transition of Chalcopyrite. https://iopscience.iop.org/article/10.1149/1.2196007

Page 238



XVII-ICSMV / Book of Abstracts

This work was supported by:

the Mexican Consejo Nacional de Humanidades Ciencia y Tecnología for his PhD scholarship with CVU
853355.

Author approval:

I confirm

Author will attend:

I confirm

SEMICONDUCTORS / 354

Optical andmorphological properties of ZnO thinfilmsdeposited
by using a low-cost spray pyrolysis system
Author: Gerardo Alonzo1

Co-authors: Erick del Jesús Tamayo loeza 2; Guillermo Pintos Díaz 3; Jesús Martinez Zaldivar 2; Ramón Mezquita
Martinez 4; Ruben Dominguez Maldonado 3

1 Universidad Anahuac Mayab. Instituto Tecnológico Superior Progreso
2 Instituto Tecnologico de Progreso
3 Universidad Anahuac Mayab
4 Instituto Tecnológico de Progreso

Corresponding Author: gerardo.alonzo@anahuac.mx

Zinc Oxide thin films were successfully deposited onto corning glass substrates. A “homemade”
experimental system was implemented for spray pyrolysis deposition. The precursor solution was
stirred at different times before spraying onto substrates previously heated to 400 ℃. After deposits
of thin films, critical variation of the optical transmittance, band Gap energy, and microstructure of
the films were observed as a result of variation of the stirring time. The results show that with the
implemented system it is possible to obtain ZnO thin films with excellent and reproducible properties
for different applications, e.g., gas sensors and TCO in optoelectronics and solar cells.
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Alkaline metal titanates with tunnel structure have attracted great attention both experimental and
theoretical for model systems, for being fast ionic conductors, as well as for their high photocatalytic
activities. In particular, potassium hexatitanate (PHT) is used as a reinforcing agent for polymers
and metal alloys and it is a photocatalyst, which has been extensively investigated in the produc-
tion of hydrogen through photocatalytic water splitting using UV e Vis irradiation. The aim was
to synthesize and characterize Li-doped K2Ti6O13 in order to modify the band gap and evaluate its
performance as a photocatalyst. PHT was produced by flux growth according to the methodology
proposed by Ponce-Peña et al., (2015) and then doped with LiSO4 solutions at different concen-
trations. Materials were characterized by MP-AES, XRD, BET, UV-Vis and SEM. The main results
confirmed that PHT doped with variable amounts of lithium was obtained, with a band gap in the
range of 3.15 to 3.25 eV and surface area between 5.95 and 10 m2/g; these characteristics could make
them attractive for use as photocatalysts for hydrogen production.
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This work investigates solvent sensing using a Metal-Oxide-Semiconductor (MOS) capacitor with
a mesoporous layer as the insulator. Solvent sensors are crucial for various applications, including
environmental monitoring, industrial processes, and safety, due to their ability to detect harmful sol-
vent vapors and prevent potential hazards. We present electrical measurements taken under solvent
exposure, from which we extract variations in the primary MOS capacitor parameters. The use of
mesoporous material as the insulator in the Metal-Insulator-Semiconductor (MIS) capacitor demon-
strates significant potential for developing high-sensitivity solvent sensors, bypassing the need for
complex functionalization processes. Our results highlight the advantages of mesoporous insulators
in enhancing sensor sensitivity and performance, making them highly effective for reliable solvent
detection.

Keywords:

Solvent Sensing, Mesoporous Insulator, MOS Capacitor, High-Sensitivity Sensors, MIS Devices

Reference:

Panecatl, et al., Chemistry Select, Volume8, Issue12, March 28, 2023, e202204636

This work was supported by:

Benemérita Universidad Autónoma de Puebla

Author approval:

I confirm

Author will attend:

I confirm

SEMICONDUCTORS / 333

DESIGNOFALATTICE-MATCHED InAs1-XSbX/AlIn1-YSbYQWs
TYPE-I WITH TUNABLE EMISSION IN THE NEAR-INFRARED
SPECTRAL RANGE (2-5 µm)
Author: Gerardo Villa Martínez1

Co-authors: Nayeli Colin Becerril 2; Yenny Lucero Casallas Moreno 3; Manolo Ramírez López 2; Julio Gregorio
Mendoza Álvarez 4

1 Sección de Estudios de Posgrado e Investigación-Escuela Superior de Ingeniería Mecánica y Eléctrica Unidad Ticomán,
Instituto Politécnico Nacional

2 Unidad Profesional Interdisciplinaria en Ingeniería y Tecnologías Avanzadas, Instituto Politécnico Nacional
3 Conahcyt- Unidad Profesional Interdisciplinaria en Ingeniería y Tecnologías Avanzadas, Instituto Politécnico Na-

cional
4 Departamento de Física, Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional

Corresponding Author: gvillam@ipn.mx

The antimonide family has become one of the most potential semiconductor materials to develop a
new generation of applications in the infrared, such as laser diodes and detectors. One of the most
promising alloys is InAs1-ySby because its band gap energy (Eg) can be tuned in a range from near-
infrared (NIR) (3.6 µm) to mid-infrared (MIR) (7.3 µm) and Al1-xInxSb with a Eg tunable from 0.52 µm
to 7.3 µm. InAs1-ySby quantum wells (QWs) within Al1-xInxSb barriers can be in principle lattice-
matched (y = 0.1833 + 0.8167 x ) in the NIR. For a given (x, y) composition the energy emission can be
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modified by changing the QW width (Lw). However, to obtain a lattice-matched InAs1-xSbx/AlIn1-
ySby QW type-I, the InAs1-xSbx/AlIn1-ySby band alignment requires to be studied, given that InAs1-
xSbx/AlIn1-ySb interface can present type-I or type-II band alignment, depending on the alignment
of the conduction and valence bands. The heterostructure type can be identified by using the electron
affinity rule, in which the offset in the conduction band at the interface is equal to the difference
of the electron affinity values of two compounds InAs1-xSbx/AlIn1-ySb. We have calculated the
evolution of the valence and conduction band offsets as a function of In (x) and Sb (y) contents,
and we found that the type-I for x≤0.40 and 0≤y≤1, for x>0.40 the antimony content (y) range can
be found for 0.10<y≤1. While the type-II is allowed for x≥0.50 the antimony content (y) range can
be found for 0.10<y≤1. To calculate the energy levels of the QWs type-I and the exciton binding
energies we employed the matrix method formalism under the effective mass and envelope function
approximations. Finally, with our calculations, we demonstrate that by modifying the Lw and (In,
Sb) contents the spectral emission could be tuned in the 2-5 µm range.
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In recent years, nanoparticles (NPs) have gained prominence as contrast agents for disease diagnosis,
drug delivery systems, and treatments for cancer and bacterial infections, primarily due to their
nanoscale size. The green synthesis of NPs combines nanotechnology with plant-derived metabolites
such as sugars, terpenoids, polyphenols, alkaloids, phenolic acids, and proteins, which play a crucial
role in reducing metallic ion. Zinc Oxide NPs (ZnO) are notable for their antimicrobial effects against
pathogens like E. coli1.
This study aims to obtain ZnO NPs through a novel green synthesis method distinct from those
commonly reported in the literature. Garlic extract was used along with a zinc nitrate solution as
the precursor, followed by thermal processes. The resulting nanoparticles were characterized using
techniques such as Dynamic Light Scattering (DLS), Fourier Transform Infrared Spectroscopy (FTIR),
Scanning Electron Microscopy (SEM), and Energy Dispersive Spectroscopy (EDS). The antimicrobial
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efficacy of the ZnO NPs was evaluated against E. coli.
The results demonstrated that ZnO NPs effectively inhibit E. coli bacteria, outperforming antibiotics
such as cephalothin. This indicates that ZnO NPs possess significant antibacterial activity against E.
coli, highlighting their potential as an alternative antimicrobial agent.
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This study investigates the effects of acetic acid concentration and ball milling on the zinc precursor
in the initial solution for the deposition of zinc oxide (ZnO) thin films on glass substrates using the
chemical spray deposition method. The substrate temperature was maintained at 450℃, and two dif-
ferent deposition times were employed. The milling process was used in a planetary ball mill at 500
rpm with a milling duration of one hour. The impact of acetic acid concentration and ball milling on
the structural, morphological, and optical properties of ZnO thin films was examined. Results show
that all samples exhibit a wurtzite-type ZnO structure and are polycrystalline. However, the concen-
tration of acetic acid in the initial solution alters the preferred orientation planes, transitioning from
(002) to (101). Surface morphology analysis reveals the formation of hexagonal grains, with their size
increasing with higher acetic acid content in the initial solution. Films deposited with lower acetic
acid content exhibit high optical transmittance in the UV-vis range. The band gap values ranged
from 3.2 to 3.4 eV.
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NdCoO3 has been studied for its relevant physical and chemical properties, which have applications
in fields like photocatalysis and thermoelectrics conductivity. NdCoO3 is a p-type semiconductor
material, possessing the perovskite-type structure. In this work, the detection of ultraviolet light
(UV), as well as light of other wavelengths (λ), was investigated. For this purpose, polycrystalline
NdCoO3 was synthesized by the co-precipitation method, using a concentrated solution of formic
acid and Nd and Co nitrates. The identification of single-phase NdCoO3 was made by X-ray powder
diffraction on samples calcined at 920ºC, in air. Measurements for detecting UV and light in the
visible region were done at room temperature, using light emitting diodes (LEDs) at different optical
irradiances (Ee). These measurements were done on a sintered pellet with silver wires as electrodes.
The results show a uniform response pattern, characterized by an increase in photocurrent (Iph)
under radiation. The quantitative detection of radiation was evaluated by varying Ee from 10 to 100
mW/cm2. The results indicate a non linear relationship between Iph and Ee. I–V curves were also
performed on the pellet showing a linear (ohmic) variation. For other wavelengths, such as blue (449
nm), green (515 nm), red (642 nm) and white, reliable responses were also observed, noting that the
change of Iph decreased by increasing λ. The results indicate that NdCoO3 can be used as a detector
of radiation.

Keywords:

Neodymium, cobalt, oxide, Photocurrent, UV detector

Reference:

S. Kianipour, et al. NdCoO3 nanostructures as promising candidate photocatalysts for boosting visible-
light-driven photocatalytic degradation of organic pollutants, J. Sci. Adv. Mater. Dev. 7 (2022) 100506.
https://doi.org/10.1016/j.jsamd.2022.100506.

This work was supported by:

L. Acosta thanks to U de G and CONAHCYT for his scholarship.

Author approval:

Page 244



XVII-ICSMV / Book of Abstracts

I confirm

Author will attend:

I confirm

SEMICONDUCTORS / 243

Theaccumulative death probability of free carriers inheavily doped
semiconductors.
Authors: Maria Fernanda Mora Herrera1; Daniel Lopez Vilchis2; Daniel Corte Ponce3; K.L. Marquez-Antonio4; A.
Hernandez-Reyna4; Leticia Ithsmel Espinoza Vega5; Irving Cortes6

Co-author: Victor Hugo Mendez Garcia 2

1 Facultad de Ciencias, Universidad Autonoma de San Luis Potosí.
2 Universidad Autonoma de San Luis Potosi
3 CIACYT
4 Facultad de Ciencias, Universidad Autónoma de San Luis Potosí. Av. Parque Chapultepec 1570, Privadas del Pedregal,

78295 San Luis Potosí, S.L.P., México
5 universidad autonoma de San Luis Potosí (UASLP)
6 CONAHCYT-UASLP

CorrespondingAuthors: a299160@alumnos.uaslp.mx, a322730@alumnos.uaslp.mx, a330845@alumnos.uaslp.mx,
a321857@alumnos.uaslp.mx, leticia.espinoza@uaslp.mx, a314809@alumnos.uaslp.mx, irving.cortes@uaslp.mx

Among the wide variety of sigmoidal forms or line shapes of growth, it shines a particular one, de-
scribes growth as being slowest at the start and end of a given period. This is the Gompertz function
(GF), which can track asymmetric breakthrough curves exhibiting a moderate degree of tailing. It
has frequently been used to statistically model growth phenomena across various research domains,
particularly in demographic studies. When initially applied by Gompertz it was based on the as-
sumption that the mortality rate increases exponentially as a person ages. The resulting function
describes the number of individuals living at a given age as a function of age. The mathematical
framework has been applied to several fields, for example,in biology describes the population in a
confined space, as birth rates first increase and then slow as resource limits are reached. GF was
used to predict the growth of tumors based on their initial size and growth rates, which facilitates
the development of treatment schedules. In the medical field, these models also help anticipate the
rates of spread and evolution of various diseases. By transitioning the concept to statistically describ-
ing phenomena and growth rates to solid-state physics, this function describes the growth of thin
films during deposition, the stress relaxation process under constant strain, the diffusion of atoms or
defects in a crystalline lattice, and the temperature dependence of electrical conductivity in certain
materials. In this work, the relationship between the GF and another essential property of semicon-
ductors is studied: the density of states (DOS). It is demonstrated that unlike the usual square of
energy dependence of DOS for bulk materials, the random fluctuation of the impurity potential in
heavily doped semiconductors, changes the number of states that are available in a system and the
behavior can be described throughout the Gompertz function.

Keywords:

gompertz function, DOS, heaviy doped semiconductors, impurity potential, statistical approximation

Reference:

Mora-Herrera, M. F., Espinosa-Vega, L. I., Cortes-Mestizo, I. E., Olvera-Enriquez, J. P., Belio-Manzano,
A., Cuellar-Camacho, J. L., Gorbatchev, A. Y., Del Rio-De Santiago, A., Yee-Rendón, C. M., & Méndez-
García, V. H. (2024). Journal Of Applied Physics, 135(17). https://doi.org/10.1063/5.0193026

This work was supported by:

Page 245



XVII-ICSMV / Book of Abstracts

This work was supported by: The Laboratorio Nacional de Análisis Físicos, Químicos y
Biológicos/UASLP, CONAHCYT CF-2023-I-1300, COPOCyT Fideicomiso 23871, and Investigadoras e
Investigadores por Mexico

Author approval:

I confirm

Author will attend:

I confirm

SEMICONDUCTORS / 62

Optical characterization of GaN/SiO2 inHexagonal phase synthe-
sized by PLD

Author: Jesus Adrian Cano SalazarNone

Co-authors: Cristo Manuel Yee Rendón ; Dainet Berman Mendoza ; Jose Guadalupe Quiñones Galván ; Rafael
García Guitérrez

Corresponding Author: a222230125@unison.mx

In this work we present the results together with the analysis corresponding to the synthesis and
characterization of gallium nitride thin films on quartz synthesized using prefabricated targets based
on gallium nitride powders using the pulsed laser deposition technique, the results of photolumines-
cence indicate that we have the signal corresponding to gallium nitride in hexagonal phase[1] and
XRD where we can see the planes corresponding to the wurtzite structure, showing that it is a viable
way to synthesize this material by this method for gallium nitride, giving good future to other types
of nitrides using prefabricated targets based on powders.
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The epitaxial semiconductor growth process presents significant challenges when synthesizing het-
erostructures from two different semiconductor materials due to the lattice mismatch’s effect on
crystallinity. Specifically, in the InAs/GaAs system, commonly used for the self-assembly of Quan-
tum Dots (QDs), the residual strain caused by a 7% lattice mismatch leads to issues in the crystalline
structure, degrading the optical and electronic properties. In this study, an InxGa1-xAs composition-
graded layer (GL) is proposed as a strain reduction strategy. The semiconductor heterostructure
under investigation consists of a (100) GaAs substrate, a 200 nm GaAs buffer layer, a 100 nm GL,
an In0.5Ga0.5As underlying layer, and InAs QDs previously optimized for morphology. The GL
layer transitions from 0 to 0.5 in In composition, matching the underlying layer’s composition. Us-
ing Silvaco Atlas software, computer-based simulations were performed to fine-tune the optimal
semiconductor heterostructure. The final structure was synthesized using Molecular Beam Epitaxy
(MBE), which provides precise control over quantum dot growth and thickness adjustments dur-
ing deposition, as well as the slope gradient of the ternary layer. Insights from this investigation
reveal how the GL affects InAs QD devices for solar cell applications, marking a significant step
forward in developing efficient emerging devices using quantum dots for further investigation in
multi-staking.
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Two of the most important potentials in quantum mechanics and semiconductor physics are the
symmetrical double-well (SDW) potential and the step graded quantum well (SGW) structure. The
first one consists of a potential with two minima separated by a barrier. In the classical limit one ex-
pects that an initial state prepared in one well is stable. Quantum tunneling allows the possibility to
escape from one side to the other passing under the classically forbidden region. For the second po-
tential, symmetrical intermediate potentials are set aside of a deep well. In this work we present an
alternative to construct simultaneously an SDW and SGW confinement potentials throughout highly
mismatched alloys (HMA) like GaNAs. For this material the decoupling in electronegativity and size
of the atomic radii of the N with Ga, generates a splitting conduction band (CB) letting unaltered
the balance band (VB). The low and high energy CBs after splitting have been called as E- and plus
E+ bands, respectively. Using these bands, a new quantum well heterostructure is proposed where
the GaNAs/GaAs/GaNAs heterostructure is sandwiched between AlGaAs barriers. Under these con-
ditions, the GaAs may act as barrier between E- bands in SDW, and as the deepest well between
E+ bands for a SGW. 3d finite element model was employed to determine the confinement quantum
states. Some eigenfunctions of both bands are found to be overlapped depending on the Al content
in the AlGaAs barriers. In spite that the activation of bands was corroborated by photoreflectance
spectroscopy, there was not clear experimental evidence of quantum confined states related with
E+, suggesting that E- is the sole energy band that contributes to the quantum electron confinement.
Controversy arose concerning to the meaning and functioning of double band HMA.
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Currently, research on quantum dot (QD) semiconductor heterostructures is at its peak due to the
need to improve their structural and optical characteristics, because they have unique properties that
are used in a wide variety of device applications 1. In this project, the self-assembly of InAs QDs is
studied by modifying the lattice mismatch between the InAs QDs and the InGaAs undelaying layer
to explore changes in the structural and optical properties. Molecular beam epitaxy was employed
to growth the (200nm) GaAs/(100nm) InxGa1-xAs/(2.9ML) InAs heterostructure. The 0≤x≤0.18 mole
concentration range was explored. The growth process was analyzed in situ through RHEED method
considering the chevron angle (φ) modification by the quantity of InAs monolayers deposited. A re-
lationship between the φ and the QDS morphology was determined, being increased as the QDs size
is bigger, according to AFM measurements. With the aim to explore the structural properties of the
samples Raman spectroscopy was engaged. A modification on the TO and LO InAs- and GaAs-like
vibrational modes was determined as result in modification on the crystallinity by lattice mismatch
and InGaAs composition. Band-structure characterization was obtained by photoreflectance spec-
troscopy, being the InGaAs and GaAs spectral features modified by the effect of strain. Numerical
simulations of the heterostructures were made to determine the effect of the InGaAs underlayer on
the strain distribution and the band structure of the samples under study. In this numerical study
the sample’s geometry and the InGaAs composition obtained from its experimental characterization
were considered as input data
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Sb-containing III-V semiconductor materials are interesting for the fabrication of optoelectronic de-
vices for the mid- and far-infrared range of electromagnetic waves. In this work, the initial thermo-
dynamic conditions for the growth of GaAsSb epitaxial layers on GaAs substrates from liquid phases
with liquidus temperatures of 560, 610 and 650 C are analyzed. The system under consideration is
characterized by the existence of a broad area of immiscibility of solid solutions, inside this area,
not considering the elastic energy, thermodynamic conditions for the formation of solid phases of
diverse compositions from one liquid phase at the same liquidus temperature are reached. On the
other hand, with supersaturated liquid phases, regions appear and expand, as supersaturation in-
creases, in which thermodynamic conditions for the formation of epitaxial layers are not achieved.
The miscibility gap becomes wider at lower temperatures. Nevertheless, its boundary on the GaAs
side lies past the limiting compositions of solid phases achieved experimentally by the LPE growth.
The presence of elastic energy stabilizes the composition of the solid phase and should lead to the
growth of epitaxial layers of single composition strongly shifted to the GaAs-rich side. So, the es-
timated GaSb content does not exceed 0.12 molar fraction in the solid phases to be formed from
ternary liquid phases having the liquidus temperature of 560 C in the whole range of their com-
positions. Thus, it is quite probable that the presence of elastic energy serves as a major limiting
factor in the LPE growth of GaAsSb epitaxial layers with high Sb content on GaAs substrates. The
thermodynamic analysis was done with the CALPHAD method using SGTE data.
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The photocatalytic conversion of CO2 and H2O to hydrocarbons, also called artificial photosynthe-
sis represents a CO2 reduction instrument in the environment and a sustainable fuel production
method. For good energy and conversion efficiency it is desirable that the photocatalyst has a low
band gap value and can carry out fuel production in the visible light range and take advantage of
the solar renewable energy source. In recent years quantum dots have been used as photocatalysts
because of their optical properties which are due to a quantum confinement effect and have been
shown to have good conversion of CO2 to fuels such as CH4 and C2H6 even in visible light. This
research aims to synthesize photocatalysts from TiO2 quantum dots with graphene and graphene
nano-ribbons having low band gap value and photocatalytic activity in the visible light range for the
production of fuels such as CH4 and C2H6. The photocatalysts were synthesized by the hydrother-
mal method, obtaining the anatase phase of TiO2 with different amounts of graphene and graphene
nano-ribbons. And their photocatalytic production of fuels is tested using UV and visible light lamps.
It should be noted that in this test not only C1 and C2 hydrocarbons have been obtained, but also C6
hydrocarbons have been produced with band gap values within the visible range and fuels have been
obtained in the same way within this range of light. Likewise, it is observed that by having a lower
amount of graphene and graphene nano-ribbons in the photocatalysts, a higher fuel production rate
is obtained and likewise a lower band gap value.
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All-inorganic perovskite materials significantly impacted the scientific community due to their in-
trinsic electronic and optical properties, which provide them with enough versatility to have them in
a variety of optoelectronic devices such as solar cells, LEDs, photodetectors, and lasers. In this work,
CsPbBr_x〖I〗_(3-x) perovskite nanocrystals using short-ligand chain and low toxicity solvents with
low boiling point are synthesized through Ligand Assisted Re-precipitation (LARP) method as a fast
and simple procedure to acquire perovskite nanocrystals at room temperature with well controlled
size and shape. It is worth mentioning that this methodology has been previously reported only
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for CsPbBr3 perovskite nanocrystals. The structural, optical, and morphological properties of the
particles were studied through X-ray diffraction (XRD), UV-vis spectroscopy, photoluminescence
spectroscopy (PL), and scanning electron microscopy (SEM) and energy-dispersive spectroscopy
(EDS). By analysing the XRD patterns, there is a notable shift in the main peaks when the 〖Br〗
^- concentration is reduced and replaced by I^- indicating an ion substitution within the crystalline
lattice. Optical characterization showed a band edge absorption at ~620 nm and a narrow emission
peak at ~600 nm with a full maximum high width of ~20 nm suggesting a reasonably monodisperse
particles. It should be noted that the synthesized particles showed a pink emission when irradiating
with a UV lamp. SEM images showed urchin-like, agglomerates and tubular morphologies in the
micro scale as well as undefined nanoparticles morphology. Finally, EDS analysis indicated that the
atomic composition varies in each morphology, being the ones at microscale the more accurate in
terms of atomic distribution.
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In recent years, semiconductor oxides have been widely used in photocatalysis for the water degra-
dation pollutants. Specifically, SnO2 has been applied to degrade organic dyes. In this work, we
synthesized SnO2 nanoparticles by the sol-gel method at 60℃ for 2 h using tin chloride as precursor
at several concentrations, polyvinylpyrrolidone and distilled water as surfactant and solvent respec-
tively. To study their evolution in size, morphology, structural and optical properties a thermal
treatment was done at 200, 400 and 600° C. X-ray diffraction results displayed a mixture of phases at
lower annealing temperatures. As the annealing temperature increases, the SnO2 nanoparticles crys-
tallized in tetragonal structure. Also, we saw a high influence over crystallite size by the precursor
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concentration and annealing conditions. The UV-Vis measurements showed a strong absorption in
the ultraviolet region, with a slight shift to wavelength shorter at lower annealing temperatures. The
PL spectrum displays emissions in UV and visible region due to edge transitions as well as the due
intrinsic defects, respectively. SEM images exhibit that the size and morphology of the nanoparticles
are highly dependent on the synthesis conditions. Preliminary results showed that the degradation
efficiency of methylene blue is directly associated to the nanoparticles synthesis conditions, and
their structural, optical, and morphological properties.
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Cu<sub>2</sub>SnS<sub>3</sub> (CTS) kesterites are semiconductors with suitable optical proper-
ties for solar cells, due to their excellent absorption coefficient greater than 10<sup>4</sup> cm<sup>-
1</sup> and direct band gap between 0.9 and 2.5 eV. On the other hand, CeO<sub>2</sub> is a wide
bandwidth semiconductor with optoelectronic properties that have allowed its recent application in
photovoltaic structures. The heterojunction of Cu<sub>2</sub>(Sn<sub>1-x</sub>Ge<sub>x</sub>)S<sub>3</sub>
as p-type material and CeO<sub>2</sub>:Gd as n-type film has potential as a thin film photovoltaic
heterostructure. In this work, thin films of Cu<sub>2</sub>(Sn<sub>1-x</sub>Ge<sub>x</sub>)S<sub>3</sub>
were deposited in which the Ge composition was gradually increased by spin-coating with a maxi-
mum Ge of x=0.15, and they were also thermally treated to improve the crystallinity. The crystalline
phase of the material was identified by Raman spectroscopy and x-ray diffraction. Additionally,
spectroscopic ellipsometry measurements were performed in the range from 0.6 to 4.75 eV. Through
a model that considers a Tauc-Lorentz dielectric function, it was possible to identify the energy of
the optical gap and up to three maximum absorption features.
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Antimony chalcogenides are two-dimensional materials that have gained significant interest as ab-
sorber materials in thin film solar cells due to their high absorption coefficient, suitable direct band
gap, earth-abundant and environmentally friendly constituents.
In this work, antimony sulfide Sb2S3 has been synthesized by a two-step method, studying the crys-
tallinity effect of antimony (Sb) thin films on the sulfurization process. The Sb thin films were de-
posited by RF-Sputtering technique on glass/molybdenum substrates under different working con-
ditions, varying the working pressure and the deposition time, to obtain both amorphous and crys-
talline phases. Then, the obtained films and the sulfur powder were placed inside a home-made
graphite box, which was introduced in a tube furnace coupled to a vacuum pump. For the sulfuriza-
tion processes, the pressure, time and temperature were varied until the appropriate stoichiometric
Sb2S3 conditions were obtained.
The structural, compositional, morphological, and optical properties of the Sb2S3 thin films were
studied. Results show that the working pressure variation in the Sb deposit allows for modification
of the structure, obtaining a phase change from amorphous to crystalline. Moreover, the Sb2S3 show
an orthorhombic crystalline structure, with an average crystallite size of 50 nm. Additionally, it has
a stoichiometric composition close to the S/Sb ratio of 1.5 and a nanorod morphology. A band gap
energy around 1.4-1.6 eV was measured, which suggest the Sb2S3 suitability as an absorber layer in
photovoltaic devices.
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The solar cells made from GaAs are scarcer and more expensive compared to silicon cells. Where-
fore, efforts on optimizing the solar absorption through reducing the optical losses are mandatory
with the aim to increase the GaAs solar competitiveness and availability in the solar cell market. The
use of antireflective coatings has emerged as a relevant engineering tool to address this issue 1;they
suppress light reflections and enhance the power conversion in GaAs photovoltaic devices. It is a
common strategy to deposit Anti-Reflective coatings on light detecting devices to improve device
quantum efficiency. These coatings rely on destructive interference of reflected waves to reduce
overall reflection coefficient of light incident on the detecting device surface. In this work, Tech-
nology Computer-Aided Design was employed to design and optimize the conversion efficiency of
GaAs solar cells by applying a nanostructured antireflective layer thereby improving the blue waves
absorption. A numerical model was built using Silvaco Atlas to investigate the optimal thickness of
antireflective layer over a p++/p+/p/i/n/n+ GaAs photovoltaic structure. The optimal thickness can
be calculated by using the concept of destructive interference which minimizes reflection and max-
imizes light transmission into the solar cell.Furthermore, The Transfer Matrix Method was utilized
to compute a light propagation through multilayered structures, considering phase and amplitude
changes of light waves through each layer. Hafnium oxide,Indium oxide,and Gallium oxide were
evaluated, with antireflective layer thickness ranging from 20 to 100 nm. Optimal values were iden-
tified typically between 50-60 nm. The study demonstrated significant enhancement in the spectral
response of the solar cell by reducing reflections within the blue spectrum (450-495 nm), thereby in-
creasing absorption efficiency and overall conversion efficiency. This research provides a practical
configuration for AR layers in solar cell applications, offering a promising pathway for experimental
implementation with epitaxial techniques such as ALD and MBE.
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The formation of GaAs 3D structures is crucial for advanced applications in optical communications,
infrared sensors, and other semiconductor technologies because these structures offer enhanced ef-
ficiency and superior structural properties. Therefore, this study focuses on achieving controlled
formation of GaAs 3D structures using metal-assisted chemical etching to enhance the geometric
precision and spectral response of devices crucial for advanced optical communications and infrared
sensors. Gold (Au) and nickel (Ni) were used as the metal for this process, deposited on GaAs sub-
strates using high vacuum equipment. The concentration of the chemical etching solution and the
immersion time of the metal-coated substrate in the solution for chemical etching were varied. The
characterization by scanning electron microscope (SEM) and optical microscope confirmed the suc-
cessful formation of GaAs 3D structure through chemical etching. By fine-tuning the etching pro-
cess through the manipulation of solution concentration and etching duration, twe achieve a high
degree of precision in the formation of the GaAs structures. . Overall, the findings from this study
provide valuable insights into the optimization of metal-assisted chemical etching processes for the
fabrication of GaAs-based 3D structures. Raman spectroscopy showed the LO (longitudinal optical
which is found at a frequency of 292 cm⁻¹) and TO (transverse optical which is typically observed at
a frequency of 268 cm⁻¹) modes of GaAs. A. T T
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THz technology has aroused great interest due to its wide range of applications in various fields
in recent years. These applications include areas such as high-speed communications, security and,
notably, healthcare. In this last area, significant advances have been made, such as the detection
of diseases like diabetic foot.This radiation is generated by the excitation of a semiconductor mate-
rial by an ultrafast pulsed laser that generates ballistic transport and acceleration of the electrons.
Recently, studies on THz emitters indicate that the near surface band bending can improve the emis-
sion due to the modification of the surface electric field that provokes an increment in the charge
carrier’s acceleration. The band bending has been achieved by implementing along the growth of
InGaAs variations of the In molar concentration. However, a barely explored technique is the use
of near-surface delta doping. In this work, the band bending in GaNAs/GaAs structures is studied
by incorporating a monolayer of silicon at different depths from the sample surface, process known
as delta doping. The samples were grown by molecular beam epitaxy (MBE) and the analysis was
supported through electric field simulations. With the intention of partially relax the strain in the
samples and to improve the optical quality of the GaNAs alloys the samples were subjected to rapid
thermal annealing (RTA) process. Then, the samples were characterized by HRXRD, revealing a ni-
trogen molar concentration near to 2%; Raman TO/LO ratio shows that the RTA improved crystalline
quality compared to the as-grown films. Furthermore, delta doping will be studied by changes in
the electric field using photoreflectance.
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All-inorganic perovskite materials have had a significant impact on scientific community due to
their intrinsic electronic and optical properties which provide them with enough versatility for op-
toelectronic applications in devices such as solar cells, LEDs, photodetectors, lasers. In this work,
a comparation between a colloidal synthesis of CsPbBr3 perovskite nanocrystals at room (RT) and
low temperature (LT) conditions is done. Also, a stationary state nitrogen flow injection system
at room temperature (RT-N) was added as a variable condition to observe its impact on the par-
ticle quality and stability. As for the synthesis, Ligand Assisted Re-precipitation (LARP) method
was applied as a fast and simple procedure to acquire perovskite nanocrystals at room temperature
with well controlled size and shape. Optical, and morphological properties were studied through
X-Ray Diffraction (XRD), UV-vis spectroscopy, photoluminescence spectroscopy (PL), infrared spec-
troscopy by Fourier transformation (FTIR), and scanning electron microscopy (SEM). From XRD
patterns it was determined the crystallite size that is strongly dependent to the temperature and
ambient conditions, with a cubic and orthorhombic phase mixture in all three conditions. UV-Vis
spectrum showed absorption bands at 510, 438, and 405 nm in all the samples. The presence of the
last two bands can be related to a phase mixture backing up the XRD results. PL spectra showed
an high emission from 511 to 522 nm, a decrease in the FWHM from 22.15 to 19.26 nm, is observed
which may be due to the relationship between the phases present in each sample. The presence
of ligand species is confirmed by the analysis of the FTIR spectrum. Finally, perovskite nanocrys-
tals presented a homogeneous morphology showing various particle sizes being the LT sample the
greatest and the RT-N the smallest according to the SEM images.
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Magnetic and electric effects on low doped ZnO with Ni, experi-
mental and DFT analysis
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This research aims to identify how the properties of ZnO change in relation to low amounts of Ni
doping. It examines the magnetic and electric properties of low Ni-doping in ZnO-Wurtzite using
experimental techniques and density functional theory (DFT) analysis. ZnO samples with varying
Ni concentrations were synthesized and characterized. DFT calculations provide theoretical insights,
supporting the experimental results and elucidating the mechanisms behind these changes.

Keywords:

DFT, ZnO, Semiconductor

Reference:

Xue, S.; Zhang, F.; Zhang, S.; Wang, X.; Shao, T. Electronic and Magnetic Properties of Ni-Doped Zinc-
Blende ZnO: A First-Principles Study. Nanomaterials 2018, 8, 281. https://doi.org/10.3390/nano8050281

This work was supported by:

Universidad Autónoma de Mexico, Centro de Nanociencias y Nanotecnologías, Centro de Investigación
Científica y de Educación Superior de Ensenada

Author approval:

I confirm

Author will attend:

I confirm

SEMICONDUCTORS / 371

CHARACTERIZATIONOFGa(Mn)AsDILUTEDMAGNETICSEMI-
CONDUCTOR GROWN BY MOLECULAR BEAM EPITAXY
Authors: Alexis Ayala-Limón1; Carlos Ernesto Ávila Crisóstomo2; Yoselin Angélica Bautista-Pineda1
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Semiconductors with relatively high concentration of transition metals (between 0.5% and 6% molar
fraction) are known as Diluted Magnetic Semiconductors (DMS) due to the arise of ferromagnetic
response caused by, in this case, Mn incorporation in the crystalline structure. These materials are
the cornerstone for the development and implementation of spintronic devices, which take advan-
tage of the intrinsic magnetic moment of electrons. It is of great importance to study wether the
incorporation of the transition metal takes place in interstitial sites or if it is substituting Ga ions
in the crystal for the sake of obtaining the desired properties regarding DMS’s. In this work, thin
films of Ga(Mn)As were grown by the Molecular Beam Epitaxy (MBE) technique under different
conditions. Parameters such as the low temperature GaAs buffer layer and the Mn cell temperature
were changed in order to modify the incorporation of Mn in the semiconductor. Characterization
techniques like XRD, Raman spectroscopy and photo-reflectance were carried out and results were
analyzed to infer the quantity of Mn ions and its sites of occupancy in the crystalline structure. Con-
centrations of Mn in the GaAs thin films were of 1.3% and 2.71% respectively for both cases presented
in this work.
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STRUCTURAL,CHEMICALANDTHERMOLUMINESCENCECHAR-
ACTERIZATION OF MEXICAN MINERALS OF DAILY USE
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Mexican minerals (calcite, fluorite, danburite, topaz and aragonite) were structurally and morpholog-
ically characterized with X-ray diffraction (XRD) and petrographic microscopy, the blue and green
calcites presented the rhombohedral crystalline system. Their chemical composition was analyzed
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with electron probe microanalysis (EPMA) obtaining that the molecular formula of the green calcite
shows a composition Ca1.95Mg0.05(CO3)2. Photoluminescence spectra of blue and green calcite
minerals were also measured, the presence of rare earths such as Eu2+ with excitation transitions
8S7/2 → 6P7/2 and emission 6P7/2 → 8S7/2 was observed. The TL glow curve was measured after
irradiating the minerals at a dose of 50 Gy with a beta source of Strontium-90 to evaluate its possible
use as a retrospective dosimeter in accidental radiological events. The calcite minerals (blue and
green) show a TL curve composed of two maxima, an intense one at 92 ℃ and a lower intensity one
at 213 ℃. In the TL response of fluorite, three maxima were observed, one of high intensity at 271
℃ and two other less intense ones at 85 ℃ and 168 ℃. Danburite shows a TL curve with an intense
maximum at 211 ℃, and topaz shows a broad and intense TL maximum at 238 ℃.Finally, aragonite
presents a TL curve composed of an intense maximum at 97 ℃ and one of lower intensity at 187
℃. The TL brightness curve of the Mexican minerals (calcite, fluorite, danburite and topaz) can be
useful for possible use in accidental dosimetry because it shows a good TL intensity with localized
maxima at optimum temperatures between 180 and 250 ℃.
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Quantum dots and graphene offer high-quality optoelectronic properties in addition to offer some of
the smallest surface/volume ratio and therefore an important route for high-performance and small
footprint optoelectronic devices. In this talk, we will present significant improvements over the pho-
toresponsivity and quantum efficiency of hybrid-graphene optoelectronic devices. This included a
novel intercalated graphene-quantum dot architecture to increase light absorption and film thickness
without sacrificing charge collection. This allows achieving near full-absorption and high-quantum
efficiency, which has been one of the major limiting factors for quantum dot optoelectronics. We also
show the use of ZnO as an electron collection layer, which is critical to obtain graphene-quantum
dot photovoltaic devices. Finally, we will show how the intercalated architecture enables novel ca-
pabilities for optoelectronics. In particular, we will show a multispectral photodetector in which in-
tercalated graphene layers have independent electrodes, allowing to detect individual spectral bands
that can open the path for thin-film spectral analysis devices.
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We will also present a route for integrating sensing, power harvesting, and remote communication
for autonomous nanosensors.
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STRUCTURAL, ELECTRONICANDMAGNETICPROPERTIESOF
GAAS BIDIMENSIONAL: AB INITIO STUDY
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GaAs is a semiconductor of the III-V family that is distinguished by its properties such as high
electronic mobility, this property allows transistors to work at high frequencies. It also has a larger
band gap than Si, so it maintains its properties at higher temperatures. However, by reducing the
dimensionality of GaAs, the semiconductor behavior changes. In this work the structural, electronic
and magnetic properties of two-dimensional GaAs are studied using Density Functional Theory as
implemented in Quantum Espresso software. A PBE functional was used to model the correlation
and exchange interactions. A conventional wurzite-type unit cell was used for the bulk energy
calculations. In the case of two-dimensional GaAs, a 4x4x1 supercell was used. A cutoff energy of
40 Ry was used for the wavefunction expansion. A Monkhorst-Pack 7x7x5 lattice was used for the
energy in the bulk and 7x7x5 for the energy in the two-dimensional system. DOS calculation was
performed. Total energy calculations were also performed for the system with different vacancies:
As vacancy and Ga vacancy. PDOS of the system with Ga vacancy presents a small shift in the
energies of up and down spins.
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ELECTRONIC PROPERTIES OF GRAPHYNE AND GRAPHENE
MODIFIED WITH VACANCIES AND SUBSITUTINAL MN DOP-
ING: A DFT STUDY
Author: Otniel García Domínguez1
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Graphyne and graphene are two allotropes of carbon. Both are bidimensional materials but they
have different electronic properties. We have performed spin polarized first principles calculations
to study the doping effects on the electronic and structural properties of graphene and graphyne.
Graphene layers have been modeled using the 4x4 periodic supercells. Vacancies and Stone Wales
defects were considered. Different geometries of graphyne were considered. Calculations have been
done within the periodic density functional theory as implemented in PWscf code of the Quantum
Espresso package.A substitutional doping is explored considering Mn atoms. Results show that
Mn atoms induces electronic states in Fermi level in both, graphene and graphyne hexagonal sys-
tems.
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Water polluted by lead (Pb) produces health problems. At high levels of exposure to lead the brain
and central nervous system can be severely damaged. Lead in human being can produce coma, con-
vulsions and even death. Currently, pollution is an important global problem that have motivated
several groups to develop experimental and theoretical investigation using different methods for
removing contaminants. Adsorption is a suitable process that can be used to remove dangerous
contaminants such as heavy metals like Pb. One of the Pb compounds found in water is lead hy-
droxide, Pb(OH)2. On the other hand, strontium titanate (SrTiO3) is a perovskite type material with
good chemical stability and catalytic properties. This study focuses on the adsorption of lead species
(Pb(OH)2 and PbOH) on SrTiO3(111) surface. Calculations were performed using the PWscf code of
the quantum ESPRESSO package. The adsorption energy was calculated at different high symmetry
sites founding strong interaction with the surface for the PbOH. This is useful for PbOH removal
from water. Structural and electronic properties of selected systems are reported and compared
with those encountered in the literature. The understanding of the adsorption mechanism may help
to propose systems to fabricate improved sensor devices that may guide scientist to more efficient
pollutant removal.
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The III-V semiconductors are often used to growth technologies like molecular beam epitaxy. More-
over, the interest in the structure and stability of the (001) surfaces has also been caused by the rich
variety of surface reconstructions. The large number of surface reconstructions observed on III-V
(001) surfaces have prompted attempts to classify and understand them from a more general point
of view. This study attempts to classify the surface reconstruction of AlAs from the (001) surface
by first-principle method. There are shown the dimerization and trimerization atomic structures of
some different reconstructions.
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Superconducting materials are capable of carrying electric current densities four orders of magnitude
greater than that of a copper wire. A promising method to enhance the critical current density (Jc)
in High-Temperature Superconductors is the ion irradiation. The objective is to create imperfections
into the crystalline structure of the material, which serve as pinning points for the magnetic vortices
that emerge within the type II superconductors. As vortices begin to move within the material, Jc
rapidly decreases to zero. The creation of pinning points and the subsequent reduction in vortex
mobility serve to enhance the magnitude of Jc of the film. In this work, computer simulations of
ion irradiation over a superconducting thin film were made using the software SRIM v. 2013.00 1.
Films of the superconductor (Bi, Pb)-2212 (Bi1.6Pb0.4Sr2CaCu2O8) with thicknesses of 200, 500 and
1000 nm were simulated. The parameters of the irradiated ions were: Type of ion: He, C, Si, Cu,
Ag and Au. Irradiation energy: 3 and 6 MeV. Angle of incidence: 0° and 45°. For each simulation, a
single value was assigned to each of the aforementioned parameters. Each simulation consisted of
100,000 ions fired in succession. Considering that each atom displaced from its original position in
the crystal lattice due to ion irradiation can be a pinning point, heavy ions such as Ag and Au were
found to be the most efficient in creating pinning points (up to 15000 per ion). The irradiation of
samples with lower atomic mass ions like C, Si, Cu, and Ag, resulted in the creation of fewer pinning
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points. However, the sample is less likely to become amorphous due to the irradiation process. For
an irradiation energy of 3 MeV the amount of ions trapped inside the film increases significantly and
is not recommended.
Presenting author: fesanchez4@gmail.com
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Transition metal dichalcogenides have garnered attention because of their unique physical proper-
ties. Janus monolayers with different chalcogen layers may increase their versatility and range of
applications. Paez et al. 10.1038/s41598-021-00287-6 demonstrated that charge-density asymmetry
generates curvature in MoSeS nanotriangles and, consequently, an increase in their reactivity. Con-
sidering such effect, in this work, we engineered the MoS2 and MoSe2 nanotriangles to generate
MoSO and MoSeO via selective oxidation of one side of the monolayer, ending up with thermody-
namically stable Janus monolayers. After that, we designed MoSO and MoSeO nanotriangles and
analyzed the curvature generated by the difference in electronegativity between S/Se and O. Also,
we analyzed the reactivity increase due to the induced curvature and discussed their potential in the
hydrodesulfurization reaction.
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Ceramic composites with single-walled carbon nanotubes have proven a relevant increase in the
mechanical resistance and thermal and electrical conduction. Graphene is a two-dimensional (2D)
material with a very large surface area and good electrical conduction, among other properties. How-
ever, graphene oxide (GO) is a more accessible material to be synthesized with suitable properties
for practical applications. There are reports in the literature of the inclusion of GO in a ceramic ma-
trix of the perovskite barium titanate (BaTiO3) where an improvement in the mechanical, thermal,
and electrical conduction is obtained. Unfortunately, in the literature, only a few models exist that
explain the GO-perovskite interaction. Understanding the interaction could lead to modifications in
the process, increasing the knowledge in the composite material properties. Adsorption energies and
charge transfer are important properties in the GO-BaTiO3 interactions study. As part of the current
study, the structural and electronic properties of selected GO groups (O, OH) are allowed to interact
with the BaTiO3(001) surface, with the results reported and compared with those encountered in the
literature.
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The III-Nitride (GaN, AlN, etc) exhibits unique properties that excel other III-V materials. These prop-
erties include the high dielectric breakdown voltage, wide bandgap, and high thermal conductivity.
However, the monolithic integration of these compounds in Si substrates has been hindered by the
mismatch in its fundamental physical properties such as their lattice constant, polarity and the for-
mation of an amorphous SixNy interface 1. The main solution has been the growth of a buffer layer
to overcome some of these problems and, in addition, it can also correct the Si surface defects [1,2].
The use of GaP as buffer layer for Si surfaces is a common occurrence due to the low cell parameters
mismatch between them. Furthermore, the growth of III-Nitride heterostructures has been proof
experimentally with interesting properties [3].
In this work, we present an ab initio study of the initial growth steps of different superlattices of
GaN/GaP on GaP(111), GaP(110) and GaP(001) surfaces. The structural changes, energy density dif-
ferences and interfacial energy were calculated by using density functional theory.
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Determination of thermal properties in thermal insulating solids
using Infrared Photothermal Radiometry (IPTR) and numerical
simulation by COMSOL Multiphysics
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Currently, there are different photothermal techniques (PTT) for the characterization of materials
that allow obtaining thermal properties from the evolution of temperature over time, based on the
generation and detection of thermal waves (TW). The PTT used here is the one proposed for the
first time by Nordal and Kanstad in 1979 1, which they called Photothermal Radiometry (PTR). This
technique is based on inducing temperature changes on the sample surface through the incidence
of a modulated light beam, producing TW, and detecting the thermal radiation emitted using an
infrared sensor. This allows the detection of temperature changes and obtains information that
enables the determination of the sample´s thermal properties [2-4]. Studies were realized using
the PTR’s back detection configuration on thermal insulating materials. An analytical model was
developed and applied to the results of temperature change measurement, in vacuum and ambient
temperature under two different modulation frequencies in the intensity of the light beam. Based on
the finite element method, numerical simulations of temperature vs time of the PTR process using
COMSOL Multiphysics software were obtained [3,4]. The correspondence between the experimental
and numerical results demonstrates the usefulness of the developed model for the determination of
thermal properties of thermal insulating solids.
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Currently, platinum coordination complexes are employed in treating diseases like cancer. These
complexes act as anticancer by disrupting DNA configurations, thereby preventing cell damage.
However, these drugs make no distinction between healthy and cancerous cells, which is crucial
for cancer treatment. Encapsulating these complexes in nanotubes may potentially mitigate their
interactions with healthy cells. In this work, we have investigated the encapsulation of anticancer
drugs cisplatin, nedaplatin, and carboplatin in magnetic doped (14,0) boron phosphide nanotubes
(BPNTs). We have explored different orientations and adsorption sites for drug encapsulation. First
principles total energy calculations were performed using the density functional theory (DFT) as
implemented in the Quantum ESPRESSO package. The generalized gradient approximation (GGA)
with the Perdew, Burke, and Enzerholf (PBE) functional was used to treat exchange-correlation po-
tential energies. Provided that the transition metal dopants contain 3d orbitals, we have included
the Hubbard correction (GGA+U) to deal with the highly correlated electrons, and to perform a
good description of the electronic and magnetic properties of the different systems. The electron–
ion interactions are modeled with the Vanderbilt ultra-soft pseudopotentials. The density of states
(DOS) and projected density of states (PDOS) were calculated to investigate the electronic properties.
Finally, non-covalent interactions (NCI) were determined to study weak interactions. The results in-
dicate that these nanotubes can encapsulate drug molecules, suggesting their potential use for drug
transportation and delivery within biological systems.
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ERTIES INTHEDISTRIBUTIONOFCARBONPARTICLES INCARBON-
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In the last decades, photocatalysis has been extensively studied for applications in air and water
treatment, water splitting, and antimicrobial purposes. Despite its potential, the practical applica-
tion of photocatalysis remains limited by low photocatalytic efficiency and poor stability. Consid-
erable efforts have been devoted to enhancing the photocatalytic to enhance charge transport un-
der sunlight irradiation and prevent electron-hole pair recombination. However, the development
of high-efficiency photocatalysts necessitates a thorough understanding of the photophysical pro-
cesses involved, including: i) Photon absorption and electron-hole pair generation ii) Migration of
charge carriers to the surface iii) Semiconductor-electrolyte interactions. In this study, we propose a
computational approach to investigate these physical phenomena through simulations. We focus on
the impact of carbon particle distribution within a TiO2:C composite material on charge transport,
we analyzed three possible distributions of carbon particles: on the surface, within the structure,
and in both locations. We used wxAMPS software to simulate charge transport and estimate surface
current density for photocatalytic applications. Our results indicate that the optical properties of
carbon particles significantly affect the generation of charge carriers on the surface and the best
distribution of carbon particles occurred when they are inside the TiO2:C composite structure. Fur-
thermore, the distribution of carbon nanoparticles plays a crucial role in enhancing charge carrier
generation. This work highlights the importance of optimizing the distribution of carbon and TiO2
particles and demonstrates the utility of wxAMPS software for simulating and understanding charge
transport in photocatalytic systems.
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Silver (Ag) deposit on high index silicon (Si) surfaces is investigated using first principles total en-
ergy calculations within the density functional theory (DFT). Two surfaces are considered, namely
Si(114) and Si(5512), and several Ag concentrations are used, starting with one Ag atom up to two
monolayers. Special attention is paid on the atomic wire formation. The first step is to determine the
total energy of each case, afterwards, the surface formation energy is calculated, then the electronic
properties are explored. Concerning the electronic properties, the total density of states (DOS) and
the projected density of states (pDOS) are calculated. According to the discussion of results, we
have also performed ab-initio molecular dynamics (ABMD). Surface formation energy results show
that the Ag deposit on the Si surfaces may produce stable atomic structures. Moreover, the ABMD
results corroborate the SFE findings.
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Metal oxides and carbon materials are exceptionally compatible material choices for electrode mate-
rials on supercapacitors due to their capacity to provide high pseudocapacitance and superior electri-
cal conductivity. Among metal oxides, MnO2 possesses one of the highest theoretical pseudocapac-
itances, and birnessite layered polyphorm allows fast charge-discharge electrosorption. This com-
patibility, in turn, results in heightened specific energy and power, respectively. Nevertheless, the
deposition of metal oxides onto various carbon allotropes presents several challenges when it comes
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to harnessing the full potential of carbon’s extensive specific surface area and electrical conductivity.
Achieving the optimal metal oxide loading of a particular carbon allotrope surface is a key challenge.
With this in mind, we are conducting an investigation into the interactions between carbon nanocom-
posite materials with functional groups (such as OH, COOH, NH2) and birnessite MnO2. Therefore,
we introduce in silico models of carbon nanostructures with the mentioned functional groups and
MnO2. Morse potential function calculations results indicate better affinity.
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In this work, Bi4Ge3O12 doped with Eu3+ was investigated experimentally and theoretically. The
synthesis of several samples with different Eu3+ concentrations was carried out by the polymeric
precursor method. Photoluminescence spectroscopy was performed, and it shows the typical elec-
tronic transitions of Eu3+. FTIR interpretation of samples allows us to infer that Eu3+ substitutes
not only Bi3+ but also Ge4+. This interpretation was corroborated by ab initio calculations as both
substitutions were found to be thermodynamically stable. Eu3+ naturally takes on the Bi3+ sites,
producing ferromagnetic alignment; but when Eu3+ takes on the Ge4+ sites the alignment becomes
antiferromagnetic. Since rare earth elements are particularly important in modifying the magnetic
and luminescent properties of host materials, our findings open a new way to give a bi-functionality
to the Bi4Ge3O12 material through selective doping.
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Polymeric composite materials are among the most researched in the industry because of their ex-
cellent performance in several applications that combine the properties of metals or ceramics with
the lightness and flexibility of polymers. Percolation theory is relevant in research on these materi-
als because it allows the estimation of the percolation threshold fc, which is the critical volumetric
fraction at which phase transition occurs, where certain properties of the filler material begin to
dominate those of the polymeric matrix. In this work is proposed an efficient computational model
for the estimation of the electrical percolation threshold for spherical conductive particles in 3D com-
posites using the continuum percolation approach, where the particles are dispersed freely in space.
The particle distribution method is based on a simple reflex agent that distributes particles by fol-
lowing conditional rules to avoid an overlap between them. Percolation evaluation is performed by
pathfinding conduction through the material, considering both the contact and quantum tunnelling
conduction mechanisms. The A* heuristic algorithm was used owing to its efficiency and capacity
to find the shortest paths. Experiments were performed with different particle sizes ranging from
15 to 500 nm, considering a constant maximum tunnelling distance of 10 nm. The obtained results
show percolation threshold values of fc = 0.06 for the smallest particles and values of fc = 0.29
for larger particles, indicating the effect of particle size on the percolation threshold. Similar results
have also been reported in other studies
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The strontium ruthenate (SrRuO3) perovskite is a ferromagnetic material that crystallizes in three
phases (tetragonal, orthorhombic, and cubic). This perovskite has been widely studied in the last fifty
years due to its high conductivity, Curie temperature of 160 K, and because it is chemically inert. To
this day, most studies focus on the orthorhombic bulk system, but less effort has been put into study-
ing its different possible surfaces. In this work, we investigated the cubic and orthorhombic SrRuO3
surfaces at the atomic scale in the [001], [110], and [111] directions. For each direction, three dif-
ferent surface terminations were proposed. The surface formation energy formalism was employed
to study the thermodynamic stability of these models and find the most stable surface. Besides, the
magnetic properties of the surfaces were analyzed to determine if these surfaces show perpendicular
magnetization anisotropy (PMA). Finally, the electronic band structure was calculated to determine
if the surfaces present topological surface states (TSS), making them suitable for enhanced catalytical
applications.
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The environmental impact caused by man has reached levels of no return. Among the problems of
this nature are climate change and air pollution. The use of materials to remove contaminants has
been widely studied. However, the search for new materials that improve efficiency in contaminant
removal has been constant. In this sense, gold is known for its ability to improve various material
properties. It facilitates the conditions to catalyze several reactions of high interest in environmental
remediation. It is well known that gold behaves as a cation in a wide variety of materials of which
it is a part or in which it is deposited or incorporated. However, the existence of anionic gold in
some compounds has also been reported in the literature. Although it has been discussed in terms
of experimental evidence, and it is known that it can exist in double perovskite-type structures, so
far, there is no atomic-scale explanation of the interaction mechanisms, as well as the conditions that
lead to the anionic behavior of gold in this type of structures and the potential applications it has in
environmental remediation. Prominent candidates for finding anionic gold with great possibilities
for application in environmental remediation are rare earth oxides since they have been shown
as excellent catalysts for the CO oxidation reaction with great selectivity, in addition to the low
electronegativity that f-block metals have. In this work, the modification of CeO2 with Au was
simulated employing density functional theory (DFT) calculations. Surface models of (111) and (100)
were constructed. The most probable adsorption sites were determined by electrostatic potential
maps. Au adsorption was assessed by constructing several models. Determination of anionic gold
behavior was carried out by Bader charge analysis.
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We have performed a first principles study based on the Density Functional Theory, focused on the
adsorption of short-chain aldehydes on 2D-As-P compounds. The aim of the work is to test the
catalytic properties of these 2D systems, as the proposed molecules own particular characteristics
in their structure and chemical reactivity. In the study we use a selective hydrogenation of the 2D
systems in order to facilitate the adsorption. On the other hand, we have included the presence of
vacancies in order to induce active-sites to favor the adsorption. The study also considers the descrip-
tion and prediction of self-propagating reactions that can take place on the sheets, as a results of the
adsorption of the molecules, in order to control and reduce the toxicity of these molecules. Besides,
we have predicted that, as products of the chemical reactions, it was possible to obtain alcohols and
other compounds which can be used in several industrial processes. Finally, we have included a
study of the changes in the charge distribution by calculating the Bader population analysis, for a
better understanding of the adsorption processes.
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In this paper, we present an extension of the plane-wave method (PWM) to compute the complex
band structure of thermal wave crystals (TWCs). The structural periodicity of TWC allows the possi-
bility to manipulate non-Fourier heat via wave interference. While the Cattaneo-Vernotte (CV) heat
conduction theory accurately models oscillatory wave-like propagation of heat in TWCs, obtaining
an eigenvalue equation for frequency using the CV wave equation is not possible. To overcome this
limitation, we propose a novel approach that solves a complex eigenvalue equation for the Bloch
wave vectors.
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In July 2023, researchers led by Sukbae Lee, et al., announced the creation of the first room-temperature
superconductor (RTS) with a critical temperature (Tc) of 400 K. The material, named LK-99, is a lead
phosphate apatite (Pb10P6O25) doped with copper ions (Cu2+). Theoretical studies have demon-
strated the possibility of superconductivity in the crystal lattice of LK-99, especially with copper
doping. However, transition metals like nickel and zinc, like copper, could also induce the supercon-
ducting state in LK-99. Simulation and density functional theory (DFT) calculations of nickel-doped
LK-99 will allow for a better understanding of the effect of doping on the electronic structure and
potential superconductivity, avoiding costly experiments and exploring different structural and elec-
tronic scenarios. This will serve as a theoretical basis for experimental research. The project aims to
study the electronic properties of copper and nickel-doped LK-99 (Pb10-nXn(PO4)6O), with n = 1, 2,
3, using DFT calculations. The geometric optimization of the material and its copper-doped variant
was carried out using CASTEP program. The Kohn-Sham equations were solved with the PBE-GGA
functional, using a 5x5x5 k-point mesh in the first Brillouin zone for the self-consistent cycle. For
the density of states calculations, the grid was expanded to 10x10x10. The band structure and state
density calculations of pristine LK-99 and its copper-doped and nickel-doped versions were obtained
to analyze and determine the presence of the superconducting state of the material and compare the
results with those found in the literature.
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UNDERSTANDINGMOLYBDENUMDISULFIDEMONOLAYERRE-
ACTIVITY WITH ZINC OXIDE NANOBUBBLES: A THEORETI-
CAL STUDY
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Over time, several research groups have focused on studying proposals to activate the surface of
molybdenum disulfide (MoS2) monolayer, which is almost inert in the pristine form 1. Herein, we
present a theoretical study that investigates the conformational behavior and chemical reactivity of
a (ZnO)12 nanobubble attached to a MoS2-S defective monolayer [2,3]. Our analysis reveals that
the nanobubble attaches to the monolayer via an O atom and two Zn atoms, activating the surface
chemically as previously hypothesized based on an AuS defect.The adsorption energy, measured at
approximately 3.38 eV, indicates strong chemisorption between the nanoparticle and the defective
monolayer. Charge density difference maps illustrate significant charge transfer from the middle
atomic layer of molybdenum atoms to the nanobubble. The moieties’ primary contact points are
Zn-S and Au-O bonds, with a bond length of 2.13 Å for Au-O. Analysis of the density of states (DOS)
and projected DOS (PDOS) reveals overlapping orbitals of Au (5d), O (2p), and Zn (3d), indicating
their involvement in the chemical bonding between the monolayer and the nanoparticle. The Zn-S
bonds exhibit a covalent character due to charge accumulation. Also, surface functionalization with
the semiconductor nanoparticle does not significantly alter the band gap in terms of magnetism. The
incipient chemical activation of the MoS2 monolayer, achieved by the extrinsic defect AuS , was en-
hanced by the interaction with the semiconductor zinc-oxide nanobubble (ZnO)12. A chemisorption
process was evidenced after a conformational study carried out, within dispersion-corrected density
functional theory (DFT).
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Engineering TiO2 surfaces to enhance the LP gas detection.
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bon Nuñez3
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Understanding and manipulating materials at the atomic scale has become a fundamental aspect of
engineering the materials involved in high-performance devices. In the present work, we report
the sensing behavior and structural properties of the titanium dioxide surface (TiO2) of the opti-
mized structures and describe the structural and electronic properties of the interaction between
the molecules that integrate the LP gas (butane, propane, and methanethiol) and the anatase TiO2
surface. The aim was to evaluate the feasibility of this material in a high-performance LP gas sen-
sor device. Results demonstrate that the methanethiol of LP gas was the most reactive molecule to
the TiO2 surface. In addition, the electrical properties calculated show the need to induce oxygen
surface vacancies or a rearrangement of the (101) surface TiO2 anatase to make the interaction with
methanethiol detectable. Our results are a step further in the design of LP gas sensing devices with
modified TiO2 substrates.

This work was supported by:
DGAPA-UNAM IA100822, IN105722, IN101523, and Conacyt grants A1-S-9070 and A1-S-26789 of
the Call of Proposals for Basic Scientific Research 2017–2018 for partialnancial support. Calculations
were performed in the DGCTIC-UNAM Supercomputing Center, projects LANCAD-UNAM-DGTIC-
368, LANCAD-UNAM-DGTIC-051, LANCAD-UNAM-DGTIC-390, and LANCAD-UNAM-DGTIC-422.
JGS acknowledges LNS-BUAP project 202201042N and THUBAT KAAL IPICYT supercomputing cen-
ter project TKII-JGSA001 for their computational resources. We thank Aldo Rodriguez-Guerrero for
the technical support.
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Water splittingmediated by proton transfer on defected BiOI sur-
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Hydrogen generation is complex because it requires high energy; an example is electrolysis, which
needs 2.456 eV/particle to dissociate it 1. Different materials have been investigated to achieve wa-
ter splitting. Bismuth oxyhalides (BiOX, X = Cl, Br, I) are constantly investigated due to their effi-
cient catalytic properties, among them recently the material BiOI (2x1) has been studied, which by
first-principles simulations proved to be stable [2]. It has vacancy-mediated channels that serve as
catalytic points for water splitting. Using the BiOI (2x1) structure, it was possible to determine an
energy barrier to dissociate water molecules, where a barrier of 0.106 eV. Two hydrogen atoms are
displaced in the process, recreating a proton transfer effect—such an effect generates lower energy
barriers than those required for electrolysis.
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DFT in a Computational calculation of normal vibrationalmodes
for rhodamine B.
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Density Functional Theory (DFT) is the best way to solve the Schrödinguer equation for a many-
body system. Could be used to find the normal vibrational modes for a molecule, for a molecule
assembled by many atoms the exact solution is hard to get. There are only a few articles with com-
putational calculations of the vibrational modes of the markers, because the current development
of the DFT theory is not sufficient and the computational requirements are highly expensive and
not very accessible. For this reason, this work presents a general algorithm to use DFT and compu-
tational methods to solve this problem on vacuum. Comparing our results with experimental data,
our percentual errors are minimal.
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THERMODYNAMIC STABILITY OF THE TaN/MgO INTERFACE

Authors: Victor Quintanar-Zamora1; Michelle Cedillo-Rosillo1; Oscar Contreras-López2; Jonathan Guerrero-Sánchez2;
Rodorigo Ponce-Pérez2; Armando Reyes-Serrato2; Jesús Antonio Díaz2

1 Posgrado en Nanociencias, Centro de Investigación Científica y de Educación Superior de Ensenada, Baja California
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The present work studies the growth of TaN thin films by reactive pulsed laser deposition (PLD)
on MgO (001) substrates. Cross-section micrographs acquired by transmission electron microscopy
(TEM) reveal that the epitaxial relation between the TaN film and the MgO substrate is [001]TaN/[001]MgO .
Furthermore, the films exhibit a lattice mismatch with the substrate around 3%. In addition to the
experimental measurements, first-principles DFT calculations have been performed to find a thermo-
dynamically stable TaN/MgO interface model by evaluating it with the interface formation energy
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(IFE) formalism 1. These calculations determine the most feasible model for the interface, which is
a tantalum oxide layer formed between the TaN and MgO layers. Finally, the electronic properties
at the interface, such as density of states (DOS) and electron localization function (ELF), were cal-
culated. The DOS reveals a metallic behavior, with Ta-dyz and Ta-dxz degenerated orbitals mainly
contributing to the states at the Fermi energy (EF). Meanwhile, the ELF shows ionic-type bonding
at the interface.
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NUMERICAL APPROXIMATIONS FOR THE MADELUNG CON-
STANTSANDTHEBINDINGENERGIES FORCRYSTALLATTICES
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The Madelung constant is a geometric quantity related to the electrostatic potential energy of a crys-
tal. It is the sum of all the ionic interactions in the lattice based on the three dimensional positions
of the ions and takes into account the distance and charge of each ion. The Madelung constant
is important in understanding the properties and behavior of crystals. In this work, a code which
calculate the Madelung constant was implemented using Phyton as language programming. The
code was implemented for structures like NaCl and CsCI. The methodology is based on concepts of
crystallography and solid state which were implemented in the Phyton code. The calculations of the
Madelung constant depend on the number of terms in the series. The calculations were performed
using a N from 1 to 120. The constant Madelung value, is agree with values in the literature.
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Strain effect on Cr2C MXene passivated surfaces: insight from
first principles calculations
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structural, electronic and magnetic properties of passivated surface of Two-dimensional Cr2C MX-
ene were studied by Density Functional Theory with spin polarization. The most possible surface
termination after synthesis (Cl, F, O2 and OH) were considered. For this study high symmetry sites
adsorption were considered and the biaxial and uniaxial strain, from -5% to 5% to represent com-
pressive and tensile strain, were considered in the deformation effect study. Regarding with the
electronic and magnetic properties these could be tunable and it could be a good candidate to em-
ployed in the spintronic area.
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DFT+USTUDYOFTHESTRUCTURALANDELECTRONICPROP-
ERTIES OF ZnO-O (0001) POLAR SURFACE
Author: Roberto Silva Gonzalez1
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Density Functional Theory using the Hubbard correction (DFT+U), as well as the generalized gradi-
ent approximation (GGA) to the exchange-correlation part of the total energy, were implemented to
investigate the structural and electronic properties of wurzite ZnO-O (0001) polar surface. To study
the stability of the ZnO-O (0001) surface, we minimize the total energy as a function of different
vacuum thicknesses for multiple constructed supercells. The Coulomb on-site interaction was con-
sidered to describe appropriately the stronger hybridization between Zn-3d states and O-2p states,
the dispersion of Zn-4s states through the Fermi level, and the surface’s conductivity type. The effec-
tive values of the U parameters were obtained in a self-consistent procedure, using linear response
theory as it is implemented in Quantum ESPRESSO (QE) suite. Our obtained results are discussed
and compared with available experimental and theoretical data.

Keywords:

ZnO-O (0001) polar surface, DFT+U, Semi-infinite media approximation, Quantum ESPRESSO.

Reference:

P. Giannozzi et al., J. Phys.:Condens. Matter 29 465901 (2017)

This work was supported by:

Consejo Nacional de Humanidades, Ciencias y Tecnologías (CONAHCYT)

Author approval:

I confirm

Author will attend:

I confirm

THEORY AND SIMULATION OF MATERIALS / 100

Ab-initioAssessment ofThermoelectric Properties ofCobalt-doped
Zinc Oxide.
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In this study, the thermoelectric properties of Zn1−xCoxO (x=0.03, 0.1, 0.4) have been investigated
by using the first principles calculations based on the combination of the density functional theory
model “QUANTUM EXPRESSO”with the semi-classical transport theory software “BoltzTraP”. The
DFT model has shown solid abilities to reproduce the electronic structure of the material of interest.
The results input by the combined models show a clear reduction in the lattice thermal conductivity
as the Co doping level is increased without affecting the electrical conduction. This enhances the
dimensionless figure of merit zT of the material, which rises from 0.03 in the pure sample to 0.97
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in the doped one at 400º C. It is also possible to note that Co-doping contributes to a considerable
reduction in the bipolar effects that appear in the material at high temperatures.
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First-principles calculations for structural, electronic, andphonon
properties of H3S, D3S, MgB2 y Nb-bcc conventional supercon-
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In this work, we investigated the structural, electronic and phonon properties of H3S, D3S, MgB2
y Nb-bcc conventional superconductors using density functional theory. Our interest is focused
on evaluating the effect of pressure on the electronic and phononic properties of some well-known
superconducting compounds, with the idea of establishing possible correlations with observed pat-
terns in the functional derivative of Tc with respect to the electron-phonon spectral function α2F(ω),
δTc/δα2F(ω), as a function of Tc and pressure. These patterns have already been reported in the lit-
erature 1 and appear to have some relationship with the superconducting temperature Tc measured
in these systems. This study aims to establish a potential mechanism for a Tc prediction based on
the δTc/δα2F(ω).
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Eliashberg -theory
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Nanoparticle formation in co-sputtered Cu-Ni films deposited by
reactive RF-Sputtering*
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Cu and Ni are metallic elements relatively abundant with important applications by their own. There
are reports of catalytic applications for Cu-Ni bimetallic films and copper oxides and nickel oxides
are semiconductor compounds. CuO is a p-type semiconductor with a narrow bandgap of approx-
imately 1.3 eV to 2.1 eV. NiO is also a p-type is a ferroelectric semiconductor with direct allowed
energy bandgap between 3.6 and 4 eV.
In this work Cu-Ni films were prepared by RF sputtering employing a Cu-Ni sputtering target em-
ploying RT, 100, 200 and 300 ℃ employing Ar and an Ar-O2 mixture . Also to produce nanoparticles
a sequential process Cu-Ni oxide/Cu-Ni/Cu-Ni oxide was employed 1.
Results of morphological, structural, chemical and electronic properties are reported y results dis-
cussed in terms of their potential applications.
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Based on the viability of the method to grow other 1111 family iron-based compound polycrystalline
superconductor thin films by MOCVD and exitu diffusion processes, in this work, we report studies
details of the synthesis of the SmFe1-xCoxO thins films by MOCVD and exitu diffusion processes.
The cobalt (Co) percentage is varied in the films, and different thermal treatments are explored to
synthesize the superconducting phase with the highest transition temperature (Tc). Additionally, dif-
ferent annealing times and temperatures are investigated to optimize the superconducting transition
once that the cobalt percentage at 10% is fixed. The X-ray diffraction, scanning electron microscopy,
and the measurement of resistance as a function of the temperature show that the best results are
for annealing at 1323K for 3 hours.
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The nanomaterials currently find numerous applications in optoelectronics, photonics, and nanophonon-
ics for the development of new ultrafast systems and the next generation of devices. In this report,
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we present findings from an experimental assessment of ultra-thin films composed of graphene ox-
ide (GO) and reduced graphene oxide (rGO), deposited onto glass substrates using the Langmuir-
Blodgett (LB) technique. Using Scanning Electron Microscopy (SEM), we show the distribution of
nanomaterials forming an ultra-thin film on the glass substrate. The optical and electrical proper-
ties, such as the refractive index, dielectric constant, and frequency-dependent complex conductiv-
ity, were analyzed employing terahertz time-domain spectroscopy (THz-TDS). Raman spectroscopy
provided insights into film thickness, monolayer count, and vibrational modes, all contributing
to the assessment of the graphene quality in the thin films. The results obtained in this assess-
ment suggest that GO and rGO materials are promising for application in metasurfaces and for
micro and nano-devices operating at THz frequencies, such as photoswitches, filters, and multiplex-
ers/demultiplexers.
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This study delves into monolayers of graphene oxide (GO), reduced graphene oxide (rGO) and deriva-
tives deposited on a flexible substrate called polydimethylsiloxane (PDMS), using the Langmuir-
Blodgett technique. The optical and electrical properties were examined using terahertz time do-
main spectroscopy (THz-TDS), which shows us information about the refractive index and absorp-
tion. Atomic force microscopy (AFM) provided details of the thickness and morphology of the sam-
ples. Scanning electron microscopy (SEM) revealed the distribution of the deposited graphene layers
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using the Langmuir-Blodgett balance. The findings of this research highlight the potential of two-
dimensional materials in the development of optoelectronic devices as flexible metasurfaces designed
to operate in the THz region.
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NiCo2O4 thin films chemically deposited
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A promising material used as an electrode in ion lithium batteries (LIBs) are the transition metals ox-
ide (TMOs), due to the diverse oxidation states are suitable to form different materials, such as cobalt
oxide (Co3O4), nickel oxide (NiO), manganese oxide (MnO), nickel cobalt oxide (NiCo2O4)/(NCO),
and others. A unique feature of some TMOs is that they present a cubic spinel crystal structure.
This type of crystal structure also benefits during the charge and discharge cycles [1,2]. In this work,
we present the synthesis of NiCo2O4, obtained firstly from metal hydroxide thin films deposited by
chemical bath deposition and subsequently into an annealing process in different temperatures of
200, 300, and 400℃. After the annealing process, the thin films exhibit a polycrystalline behavior
at 400 ℃, and XRD patterns correspond to the PDF of NiCo2O4. Also, the morphology on the sur-
face shows a porous area that increases directly when the annealing temperature is increased. Also,
the chemical composition of the films of NCO was present in all samples, and EDS obtained a ratio
of Co/Ni to 2:1. On the other hand, the electrical properties reveal that resistivity decreases when
the annealing temperature is increased. NCO thin films are synthesized via chemical bath deposi-
tion and processed into annealing at different temperatures. The film which was annealed at 400℃
present a polycrystalline phase of ternary NiCo2O4.
Also, all thin films of NCO exhibit a porous morphology; this is an appropriate characteristic in the
application of electrodes in LIBs. Finally, the electrical properties can be modulable depending on
the annealing temperature, where the sample which was annealed at higher temperature shows the
lower electrical resistivity.
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Effect of adding a cooling system in a hybrid plasma: magnetron
sputtering and graphite anode
Author: Daniela Shealsey Jacobo Mora1

Co-authors: Stephen Muhl 2; Marco Antonio Martinez Fuentes 2

1 Instituto de investigaciones en Materiales - UNAM
2 Instituto de Investigaciones en Materiales - UNAM

Corresponding Author: shealseyjacobo15@gmail.com

In this work, titanium (Ti) thin films were deposited using a DC magnetron sputtering (MS) system
and a graphite anode, both before and after the application of a cooling system to the second anode-
type plasma, to analyze the differences in the hybrid plasma system and the resulting products. The
method is based on exposing substrates for defined time intervals while varying the gas pressure (Ar),
MS current, MS power, the voltage applied to the anode, as well as the application of the cooling
system. The changes in the properties of the films were investigated based on these variables. For
the analysis of the deposition process, profilometry measurements to obtain the deposition rate and
TEM analysis were used.
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Characterization of Zinc Oxide thin films deposited by the Ultra-
sonic Spray Pyrolysis technique for optoelectronic applications
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This work presents the optical and electrical characterization of ZnO thin films obtained by the
Ultrasonic Spray Pyrolysis (USP) technique for potential use in optoelectronic devices, such as pho-
todetectors. The transmittance spectra of the ZnO films deposited at 300℃ for 4 to 8 minutes were
obtained using UV-Vis spectroscopy, revealing significant absorption in the UV region and high
transparency in the visible region, exceeding 80%, which is desirable for such applications. Analysis
using a rotating analyzer ellipsometer Woollam M-44 showed that the thickness and surface rough-
ness of the films decreased from 200 to 120 nm and from 29 to 12 nm, respectively, as the temperature
increased, which is related to grain and crystal size. These results confirm that film thickness can
be controlled through deposition temperature. ZnO thin films deposited by USP typically exhibit
relatively high electrical conductivity. In this context, it was noted that the film deposited at 400℃
had another preferential orientation (100) with a FWHM peak corresponding to the (101) orientation,
indicating two possible orientations, which is very interesting for its electrical properties. Although
this may pose some conductivity issues, it remains sufficient for practical use. The results indicate a
well-defined crystalline structure, low surface roughness, high transparency in the visible spectrum,
along with suitable resistivity and carrier mobility, suggesting a low defect density in the ZnO thin
films. Results obtained from the Hall Effect measurement system show a resistivity of 4Ωcm and
a carrier mobility of 238 cm^2/Vs. This is an expected result given the material nature. In conclu-
sion, the characteristics observed in ZnO thin films allow us to confirm that they can be used in
optoelectronic devices.
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Photocatalytic H2 production on Zr-doped TiO2 thin films
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Zr-doped TiO2 thin films were deposited on glass substrates using a sol-gel dip coating methodology,
evaluating the effect of Zr concentration (0.01, 0.05, and 0.1 mol%) on their properties and photocat-
alytic activity evolving hydrogen from the ethanol photo-reforming. The structural characterization
confirms the introduction of Zr4+ cation into the TiO2 crystal structure, resulting in the formation of
the Ti1-xZrxO2 phase. This phenomenon caused a slight decrease in the TiO2 badgap, reducing also
the film’s transmittance. Additionally, compare to bare TiO2, an increase in the Zr concentration
resulted in a growth of larger and agglomerated particles, increasing the roughness of the films. The
photocatalytic hydrogen evolution was also enhanced with the Zr incorporation on TiO2, resulting
in a double production rate in the 0.1 Zr-TiO2 film (38 000 µmolcm-2) compared to pristine TiO2. In
this context, the enhancement of the photocatalytic activity can be associated with the growth of a
rougher surface that allows a greater adsoption of the reactants (alcohols), and the reduction of the
recombination rate of the photo-generated charges.
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CHARACTERIZING LEAD-FREE PIEZOELECTRIC THIN FILMS
USING PULSED LASER PHOTOACOUSTIC WAVES FOR ULTRA-
SONIC TRANSDUCERS
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Piezoelectric and ferroelectric materials play crucial roles in the electronic industry, finding applica-
tions in everyday devices such as actuators, sensors, and transducers. While lead zirconium titanate
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(PZT) remains a widely used ferroelectric material due to its advantages, growing environmental
concerns have prompted the search for lead-free alternatives. This study focuses on BTO(BaTiO3)-
based and KNN(K0.5Na0.5NbO3)-based piezoelectric materials.
Our objective is to demonstrate that pulsed laser photoacoustic waves can effectively characterize
piezoelectric films, proving their suitability as ultrasonic transducers. Additionally, we explore prop-
erties such as resonance frequency and bandwidth.
We employed a Nd:YAG pulsed laser system to generate photoacoustic (PA) waves on the thin film
surfaces. By leveraging the direct piezoelectric effect, we captured the electric response of the ferro-
electric films using an oscilloscope connected to both a bottom electrode (Pt substrate) and an upper
electrode (Au, approximately 100 nm thick, deposited by DC sputtering). We also characterized the
piezoelectric films using X-ray diffraction in grazing angle mode and Piezoelectric Force Microscopy.
The thin films was synthesized by pulsed laser deposition on Pt/Si substrates.
All films were successfully characterized as ultrasonic transducers, exhibiting frequency responses
ranging from 8 to 15 MHz with bandwidths of 5 MHz. The best frequency responses were observed
in the thinnest films, approximately 200 nm thick.
Our findings demonstrate that pulsed laser photoacoustic waves can effectively characterize and
prove the suitability of lead-free piezoelectric thin films as ultrasonic transducers, eliminating the
need for additional characterizations. These lead-free materials exhibit superior ultrasonic response
compared to their lead-based counterparts.
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Semiconductor spintronics leads the development of information technology. Devices such as spin-
FET transistors and STT-MRAM magnetic memories base their operation on tunnel magnetoresis-
tance. It has been found thatMn5Ge3 is a ferromagnetic compound that increases its Curie tempera-
ture, TC , up to ~450 K by carbon doping. The Ge/Mn5Ge3 interface behaves like a Schottky contact,
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which allows spin injection by tunneling into IV-group semiconductors. Mn5Ge3 can be easily syn-
thesized as a continuous thin film on Ge(111). However, Ge(111) is not compatible with the Si(001)
technology. We present the growth of Ge(001)/Mn5Ge3Cx thin films by magnetron-sputtering
technique, using the solid phase epitaxy (SPE) method, which consists of the co-deposition of Mn+C
at room temperature followed by thermal annealing at a substrate temperature, Ts = 450 ºC. The
epitaxial growth of Ge(001)/Mn5Ge3Cx thin films allowed obtaining a continuous layer with ho-
mogeneous thickness and lower root mean squared (RMS) surface roughness, thus identifying a
Frank-van der Merwe or layered growth mechanism. The SPE method favored more homogeneous
grain growth in size and shape, which resulted in a significant decrease in RMS surface roughness of
~1nm. Elemental analysis by X-ray photoelectron spectroscopy presented a thin film with composi-
tion Mn5Ge3Cx. Carbon doping was responsible for the increase in TC up to ~422 K. The addition
of C induced a charge transfer from MnII atoms to C, thus offering the possibility of double ex-
change inducing a ferromagnetic order 1. On the other hand, magnetization measurements vs. the
magnetic field, M-H, allowed us to determine that the axis of easy magnetization is parallel to the
surface of the sample and that the anisotropy constant, Ku, is ~0.58 MJ/m3, which is lower than the
Ku of the carbon-free thin film ~0.78 MJ/m3.
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Analysis of deposition parameters effects on ZnO properties by
applying a Central Composite Design (CCD)
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Zinc oxide (ZnO) is one of the most outstanding semiconductors of the II-VI periodic table group,
because of its wide band gap, transparency, n-type conductivity, environmental stability, and non-
toxicity. These characteristics make it a promising material for various applications, including con-
version, piezoelectric, gas sensors, light-emitting diodes, etc. Each of them requires specific prop-
erties for an optimal performance; therefore, it is necessary to know the material behavior when
experimental conditions for obtaining are changed. Based on the above, in this work, a statistical
analysis is applied to study the effects of substrate temperature (100-400 ℃), sputtering power (80-
120 W), and oxygen partial pressure (20-60 %) on ZnO thin-films deposited by reactive RF-magnetron
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sputtering with a deposition time of 30 min. The films were deposited on glass substrates using the
experimental conditions resulting from a Central Composite Desing (CCD) of Experiment (20 sam-
ples). Thickness, optical transmittance, band gap, lattice parameters, and crystallite size were used as
response variables. They were correlated by an ANOVA analysis. The Pareto chart analysis reveals
that the film thickness variation is mainly influenced by the sputtering power increase. The sam-
ples have optical transmittance higher than 80 % and band gap values around 3.2 eV, which are not
significantly affected by the experimental parameters. On the other hand, temperature and oxygen
partial pressure, closely followed by sputtering power, modify the structural properties. The crys-
tallite size tends to increase with temperature, indicating a crystallinity improvement. Additionally,
the c-lattice parameter is affected by the oxygen partial pressure, as there is a trend to increase is
observed as the oxygen partial pressure is increased.
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The literature reports conversion efficiency of solar cells greater than 23% for Cu(In,Ga)Se2 (CIGS)
thin-film based solar cells, deposited by thermal evaporation technique. In this work, the use of
electrodeposition (ED) was proposed as an alternative technique to thermal evaporation to prepare
CIGS thin films because it is more accessible and low-cost technique. So, the synthesis, formation
and growth of CuIn1-xGaxSe2 thin films obtained by ED is presented, as well as a systematic study
on the band gap tuning. Such band gap tuning of CuIn1-xGaxSe2 thin films was achieved directly
by performing variations of In3+ and Ga3+ concentrations into the electrolytic bath. CIGS band
gap value was achieved by partial substitution of In by Ga into the grown film in a range from 1
to 1.4 eV, corresponding to a ratio of Ga from 0 ≤ Ga/(In + Ga ) ≤ 0.64. Cyclic voltammetry studies
were performed on each Cu-In-Ga-Se electrolytic solution bath system to find out the deposition
potential values for each different molar concentration. Electrodeposited CuIn1-xGaxSe2 thin films
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were characterized by EDS/SEM, XRD, Raman spectroscopy and ellipsometry technique to determine
chemical composition, morphology, crystal structure and study the dielectric function. Selenization
of CuIn1-xGaxSe2 thin films was performed using a rapid thermal processing system in an over-
pressure reactive atmosphere of N2/H2 (96 %:4 %) and elemental Se vapor at different treatment
times.
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The accurate and reliable monitoring of glucose levels in diabetic patients is crucial for effective dis-
ease management. This study investigates the potential of metal electrodes modified with nanoma-
terials for non-enzymatic glucose detection, focusing specifically on gold electrodes modified with
graphene oxide (GO), reduced graphene oxide (rGO), and partially reduced graphene oxide (prGO).
The objective is to compare the performance of these modified electrodes in glucose sensing. Various
characterization techniques, including Raman spectroscopy, optical microscopy, cyclic voltammetry,
amperometry, and UV-Vis absorbance spectroscopy, were employed to assess the properties and per-
formance of the modified electrodes. The results indicate that GO-modified electrodes exhibit the
highest sensitivity in glucose detection compared to their unmodified and rGO-modified counter-
parts. The findings demonstrate that non-reduced GO provides superior sensitivity in glucose sens-
ing, highlighting its potential as a promising material for developing non-enzymatic glucose sensors.
This relationship between the reduction level of graphene oxide and its sensitivity in glucose detec-
tion offers new insights into the design of effective glucose monitoring devices. These advances
could significantly impact continuous glucose monitoring in diabetic patients, improving their qual-
ity of life and treatment. The study reveals the potential of nanomaterial-modified electrodes, par-
ticularly GO-based ones, as a new frontier in non-enzymatic glucose sensor development.
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During the last years the interest in studying metallic oxide thin films has increased, owing to po-
tential applications as sensors, optical detectors, and photovoltaics. There exist several methods to
obtain thin films, among them, the chemicals are economic and simpler using low temperatures
without inert or vacuum atmosphere. Zinc oxide (ZnO) is a p-type semiconductor material with a
hexagonal phase and a bandgap of 3.3 eV. In the present work, the ZnO thin films were deposited on
glass substrates by using the Successive Ionic Layer Adsorption and Reaction (SILAR) method; it is
by adjusting parameters to obtain optimal conditions and apply them on the thin films’deposition on
polymeric substrates (polyethylene and polypropylene). The polymers, particularly the polyolefins,
are flexible, light, and low-cost materials, features that can be used to process flexible electronics us-
ing ZnO thin films deposited on them. The ZnO thin films characterization by X-ray diffraction con-
firms a hexagonal phase formation with grain sizes between 30 and 48 nm, a bandgap energy around
3.03-3.28 eV determined by ultraviolet-visible spectroscopy, and Raman features confirms a bigger
crystallinity at lower cationic concentration. Finally, the ZnO thin films features were influenced by
the used substrate (glass or polymer), by adjusting the SILAR deposition parameters.
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Composites water-borne epoxy/ pristine montmorillonite were prepared, and the composite was ap-
plied on carbon steel substrates as anticorrosive coating. Pristine montmorillonite were dispersed
in the polymer at various concentrations. The specimens were immersed in a 3.5wt.% aqueous NaCl
electrolyte to evaluate the effectiveness of their anticorrosive coating function. Scanning electron
microscopy (SEM) analysis showed that the pristine montmorillonite were homogenously dispersed
in the polymer matrix, resulting in flat and smooth surfaces. The X-ray diffraction (XRD) results
showed that pristine montmorillonite was highly dispersed in the polymer matrix. The anticorro-
sive properties were evaluated by electrochemical impedance spectroscopy (EIS) at various exposure
periods. Analysis results showed the optimal mixing ratio of water-borne epoxy and pristine mont-
morillonite. The obtained results indicate that polymer-pristine montmorillonite matrix composites
provide improved corrosion protection properties even after various hours of exposure to the NaCl
solution.
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brid trilayers
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The study of electronic transport in magnetic multilayers structures have received significant at-
tention since the discovery of giant magnetoresistance, leading to a new class of electronics based
on electronic spin transport phenomena. We present an experimental comparative study of mag-
netic and electrical properties of amorphous Co-rich (VITROVAC6030) layer interaction with VIT-
ROVAC6030, Permalloy, and Niquel layers. Leica EM MED020 DC magnetron sputtering was em-
ployed to obtain VITROVAC/Au/Magnetic layer on a silica glass substratum, where we have varied
the VITROVAC thickness on substratum for 30 nm, 62 nm, and 125 nm; a spacer Au layer with 5
nm of thickness; and 30 nm of ferromagnetic layer at the top. The X-ray diffraction study of the
VITROVAC6030 mono layers, reveals that we preserve the amorphous state. Magnetic studies were
measured using a vibrating sample magnetometer (VSM) and a ferromagnetic resonance (FMR). The
hysteresis loops show three different coupling due to the interaction of magnetoelastic anisotropy
and magneto crystalline anisotropy dependent on VITROVAC thickness on the substratum. The
electrical measurements were carried out by four-probe method, where the resistivity as a function
of VITROVAC thickness on substratum exhibit different behaviour as result of different magnetic
coupling. This study suggests that magnetoelastic effects and magnetic shape anisotropy can be
utilized for tunning magneto-electronic transport.
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Antimony sulfide (Sb2S3) films are usually obtained by Chemical Bath Deposition (CBD) at low
temperatures (around of 2 ℃) and the concentrations of sulfur ions and antimony ions are very dis-
proportioned respect to the compound (~ 1:10). In this work, the reactants were modulated to be
near of the stoichiometry of the formula Sb2S3 (2:3), however, the deposition parameters were modi-
fied for the new route. Sodium tripolyphosphate (STPP) was added as a surfactant and therefore the
temperature and time deposition were changed, 60 ℃ and 2 hours, respectively. The concentrations
of sulfur, antimony and phosphorous were monitored in the films, x-ray diffraction (XRD), scanning
electron microscopy (SEM), energy dispersive x-ray analysis (EDS), Raman, and UV-Vis. Usually
Sb2S3 exhibits an amorphous phase for the as deposited films and a thermal treatment it is neces-
sary to its crystallization. Our results revealed that the crystallization was not possible for Sb2S3
films deposited with STPP, but a new effect was observed, the films exhibited a thermochromic ef-
fect. Our results about the influence of STTP on Sb2S3 films obtained by CBD may help to better
understand the effect of the phosphate on the behavior of solar cells using a thermochromic absorber
layer.
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In this study, a simple and cost-effective chemical bath deposition was employed to deposit CdSe
thin films on glass substrates and PVA seeded substrates. The structure, morphology, and optical
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properties of CdSe were manipulated by adjusting the experimental parameters, such as the depo-
sition time, complexing agent concentration and type of substrates. With increase the complexing
agent concentration from 2.02 M to 5.16 M, the CdSe particles growth decrease at the beginning of
deposition, the PVA seeded substrates shown a better control in the thickness. The band gap in-
crease with the use the PVA seeded substrates and when the ammonia concentration increases. The
crystallinity was lightly better on PVA seeded substrates. The CdSe thin films deposited under PVA
seeded substrates were evaluated on the photocatalytic degradation of Rhodamine B solution under
visible light, the CdSe film with 75 nm of thickness shows better degradation percentage at 6 h of
irradiation, reaching 60 % of decoloration.
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Recently, greenhouse emissions such as carbon dioxide, methane and nitrous oxide have contributed
significantly to climate change, resulting in long term shifts in temperatures and weather patterns,
putting humans and ecosystems at risk. This has lead researchers around the world to search and
develop cleaner energy sources, in aims to join a set of more sustainable energies. It is in this con-
text that hydrogen has positioned itself as an important energy vector, both in the transportation
sector and in energy storage in photovoltaic and wind systems. Developing efficient hydrogen pro-
duction systems is the first step in the large-scale implementation of this technology, where green
hydrogen (hydrogen obtained by electrolysis using clean energy sources) has become the funda-
mental objective. An alternative to improve electrolysis processes is to look for catalysts that can
improve the oxygen and hydrogen evolution reactions during electrolysis processes. In this work,
it is proposed to synthesize and characterize nanostructured vanadium oxide thin films, evaluating
their physical, chemical and electrochemical characteristics to identify their viability and potential
application in hydrogen production. Vanadium oxide thin films were synthesize through the ultra-
sonic spray pyrolysis, an economic and scalable method, using vanadyl acetilacetonate as vanadium
precursor. Obtained films are characterized by XRD and UV-vis to determine their structural and
optical properties, were different phases of vanadium oxide were identified. Thin films obtained
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were also electrochemically characterized and their application in water splitting reactions were
evaluated.
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Zinc oxide (ZnO) requires an activation energy of 3.25 eV for photocatalytic processes, within the
ultraviolet light spectrum. However, solar light comprises only 5% ultraviolet light, resulting in re-
duced efficiency when irradiating ZnO with sunlight.
Heterostructures offer the ability to modify the energy absorption ranges of materials. In this con-
text, hematite (α-Fe2O3) has an activation energy of 2.02 eV and is employed in combination with
ZnO, forming a type II heterostructure. This strategic combination extends the energy absorption
range into the visible light spectrum making available the use of a big portion of the solar irradiance
spectrum.
In this study, thin films of ZnO and α-Fe2O3 were prepared using the ultrasonic spray pyrolysis tech-
nique, exploring various deposition parameters to determine the optimal conditions for the material.
Finally, the ZnO/α-Fe2O3 heterostructure was obtained through the combination of the precursor
solutions, using the same technique.
Morphological, structural, and optical characterizations of the films were carried out. The results
indicate that both materials have similar deposition conditions. The optimal concentration for the
deposition is 0.05M, with a temperature of 450 ℃ and a deposition time of 30 minutes. Addition-
ally, the heterostructure ZnO/α-Fe2O3 adheres to similar parameters as those previously mentioned,
showing a significant band gap change.
The ultrasonic spray pyrolysis technique depends on various factors, such as the variation in the
use of precursors, solvents, temperature changes, deposition times, carrier gas flow, and solution
nebulization.
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Zinc oxide (ZnO) thin films have grown interest in electronic devices, such as transistors and solar
cells. For these applications, high quality ZnO thin films with enhanced structural, morphological,
optical, and electrical properties are required. These can be obtained by different thermal treatments.
Laser irradiation is a novel method that is selective, localized, and faster than traditional furnace
annealing. In this work, ZnO and Al:ZnO (AZO) thin films were synthesized by RF magnetron
sputtering and treated using a continuous CO2 laser source to enhance the thin films’properties.
Laser treated ZnO thin films presented wurtzite structure with preferential orientation along the
c-axis, whereas AZO thin films showed polycrystalline nature after laser treatment. Raman spec-
troscopy revealed the activation of anomalous B1high-B1low mode in irradiated ZnO and AZO thin
films. Scanning electron microscopy (SEM) and atomic force microscopy (AFM) detected morphol-
ogy changes, which included the formation of bubbles at the surface of the treated samples and a
reduction of surface rugosity. In addition, ZnO and AZO thin films showed high transmittance in
the visible spectrum and band gap values in the range 3.25-3.28 eV and 3.36-3.38 eV, for ZnO and
AZO thin films, respectively. An enhancement of the photoresponse for both ZnO and AZO thin
films was achieved by the laser treatment using 4W, 266 W/cm2, and 2.5 mm/s. This work provides
an essential insight for synthesizing high-quality ZnO and AZO thin films through the incorpora-
tion of continuous far-infrared laser irradiation as a heat treatment stage, for potential applications
in solar cell devices.
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Nowadays, the studies of lanthanum-based perovskites have great attention due to exhibit wide
range of physical properties such ferromagnetic to paramagnetic phase transition, colossal magne-
toresistance, magnetic anisotropies, high dielectric constant, and low dielectric loss; having high po-
tential for diverse applications such a magnetic memory, magnetic sensor, detectors and spintronic
devices [1-4]. In thin films, their physical properties like temperature transition and resistivity are
strongly dependent on the thickness; moreover, previous studies have reported the modification of
crystal structure generated at the interface with the substrate, and therefore the modification on
their magnetoelectric properties. This work is focused on the optimization of the deposition param-
eters to obtain thin films of the half-metal La0.7Ca0.3MnO3 (LCMO) compound by sputtering, for
the future implantation in devices based on magnetoelectric heterostructures. The LCMO thin films
were grown by RF-magnetron sputtering with a commercially LCMO target (99.9%) on SiOx/Si (100)
substrate. The optimal growth conditions on sputtering chamber were: an argon flow rate of 20
ml/min, a power of 150 W, at the substrate temperature of 600 ℃ with the deposit times of 5, 10,
15, 20, 25, and 30 minutes. Previously, the chamber was conditioned with a base pressure of 1.57 x
10-5 Torr. The thin films exhibit good crystalline growth showing a tetragonal structure with P4mm
space group. The thickness increased with the increase of the deposition time from 60 nm at 5 min-
utes to 94 nm at 30 minutes. The bandgap values, obtained from ellipsometry, decrease from 3.0 to
1.9 eV with the increase of the deposition time from 5 to 30 minutes, respectively.
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Niobium nitride (NbNx) thin films have been studied over the past few decades due to their unique
properties, which include applications in RF cavities, microelectronic devices, infrared imaging pho-
todetectors, superconducting magnets, and other non-superconducting-related properties such as
corrosion resistance and high hardness. The Nb-N phase diagram has been extensively studied as
a bulk material due to its many phases and complexity. However, the effects of these multiphases
have not been thoroughly examined in the field of nanoscience.
The objective of this work is to study the influence of the presence of two or more phases on the
electric and superconducting properties of NbNx thin films.
Thin films of NbNx were prepared using the pulsed laser deposition (PLD) technique on SiO2/Si
(100) substrates. Pure Nb (99.95%) targets were irradiated with an excimer laser (λ = 248 nm, 20
ns pulse width, and 10 Hz repetition rate) in a N2 atmosphere, with varying deposition parameters
such as substrate temperature, N2 pressure, target-to-substrate distance, and laser energy (fluence).
The films synthesized by PLD were analyzed using X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), electric measurements of R vs. T at low temperatures (~10 K), and UV-Vis and
Raman spectroscopies.
Films of NbNx were successfully prepared by the PLD method with mixed phases, includingα-Nb(N),
β-Nb2N, and ε-NbN, among others. These phases significantly influence the electric properties of
the materials. Films with fewer phases (one or two) exhibited better electronic and superconducting
behaviors. Conversely, films with multiple phases demonstrated greater stability.
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High entropy materials are those in which five or more elements, in equiatomic proportion, occupy
a particular position of a crystal structure. In thin film form, these materials may exhibit unusual
and interesting properties when comparing to bulk or to the parent material (the one with a single
element in the referred position). In this work, we present two new high entropy ceramic systems,
Sr(RuTiMnFeNb)O3 and Sr(RuTiMnFeSc)O3, that are based on the ferromagnetic (Tc ∼ 160K 1) Sr-
RuO3 perovskite with an orthorhombic deformation. Such systems were prepared in bulk, by solid
the state reaction method, and in thin film form. Films were deposited by laser ablation, on Si sub-
strates, using a 0.15 J/cm2 fluency, pulse frequency of 2 Hz, oxygen pressure of 25 mT, a temperature
of 650 ℃, of target-substrate distance and 20 min of deposition time. The morphology, crystalline
structure and composition were obtained by the AFM, SEM, XRD, EDS and XPS techniques. Mag-
netization measurements (M(T) and M(H)) were carried out using a PPMS magnetometer. The XRD
studies confirmed the single phase orthorhombic structure of both high entropy systems, in bulk as
in films. The obtained films were homogeneous, determined by SEM, and they revealed in accord
to the XPS analyses, a main 3+ oxidation state for the transition metal ions. Also, from the M(T, H
= 500 Oe) and M(H, T around Tc) measurements, it was determined that the main magnetic role is
played by the Fe3+ cations, with minor dependence on the 3d0, Sc3+ and 4d2, Nb3+ ions.
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Abstract

In the context of chalcogenide semiconductor thin films, one of the most studied materials is cad-
mium sulfide (CdS) due to its interesting optical and electrical properties. Several deposition meth-
ods can be used, with chemical bath deposition (CBD) being one of the most important due to its
simplicity and low cost. However, along with the widespread use of this technique, there exist insuf-
ficient studies and understanding of the underlying phenomena governing the growth of the films
in different types of glass substrates, which lead to a well-known variability of adhesion strength
through the wide variety of deposited materials. Surface modification processes are often employed
to address this issue. In this work, we report the effect of temperature on the modification process of
glass substrates by a SnCl2·2H2O aqueous solution to promote adhesion of CdS films synthesized by
CBD. The higher temperatures in the modification solution resulted in greater surface modification.
Moreover, further heat treatment of the modified surfaces enhanced the adhesion of CdS thin films.
We suggest that this improvement can be attributed to the possible formation of SnO2 after heat
treatment, a species known to promote adhesion. Overall, our results demonstrated an alternative
surface modification method that can be conducted under simple conditions without the need for
additional modifying agents. This research opens the possibility to study the deposition of other
chalcogenide compounds to get a deep insight about the phenomena involved during the formation
of the films on glass substrates.
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Thin chromium films were synthesized by direct current magnetron sputtering on a rotating sub-
strate holder that allows it to reach a speed of 6000 rpm. The magnetron sputtering direct current
(DC) method is a film deposition technique that uses a direct current electric field to generate a
plasma that bombards a target, detaching atoms of the target material that are deposited on the
substrate to form a thin film, this method is also characterized by having a directly proportional
relationship between the current and the deposition rate, while retaining the same parameters so
that the thickness increases linearly with time.
The relationship between the rate of incidence of the atoms on the substrate surface and the lateral
movement that occurs when the samples are rotated is expected to be something that modifies the
characteristics of the deposited films. This is expected to produce structural changes induced by
substrate rotation and to show effects on their surface morphology, microstructure and mechanical
properties. The analysis of these samples is inspected tangentially by covering points on the sur-
face to check if such changes were effected. During the deposition, values such as Argon gas flow,
optimum chamber base pressure, and constant rotational speeds have to be kept fixed in order to
maintain a stable deposit.
Chromium thin films were previously deposited with the stationary substrate and the same values
to compare the deposition of the thin films showing different results when rotated at partial speed
up to 6000 rpm.
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Memristive Behavior of YSZ ALD Devices
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This work investigates the memristive behavior of Yttria-Stabilized Zirconia (YSZ) capacitor devices,
focusing on modeling the switching kinetics and their potential for various applications. We propose
a model for incubation time in memristors where ion migration is the rate-limiting step. This model
analytically correlates incubation time with electric field, diffusion coefficient, and temperature, en-
abling the determination of material properties for the low-resistance state. We further illustrate the
model’s application using YSZ thin films in parallel plate cells.

The investigation delves into the resistive switching properties of YSZ thin films. The devices exhibit
excellent control over multilevel memory states and a transition from short- to long-term data reten-
tion, suggesting promise for neuromorphic applications. Interestingly, further analysis is required to
understand how the switching process correlates with the observed increase in permittivity, which
is different from traditional memristors.

Finally, future work is recommended to explore the influence of temperature on the electrical re-
sponse of the films, investigating the potential for supercapacitor or pseudocapacitive behavior.
These findings highlight the potential of YSZ devices for various applications, from memory to en-
ergy storage, and emphasize the need for further exploration of their unique characteristics.
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Non-collinear antiferromagnets have attracted much attention due to the possibility to exhibit anoma-
lous and topological Hall effects. The D019-Mn3X (X = Ga, Ge and Sn) compounds, with hexagonal
crystal structure (space group No. 194) and kagome spin structure in the (0001) plane, are candidates
to show these effects, which could serve as the reading mechanism in future non-volatile magnetic
data storage devices. In particular, D019-Mn3Ge (Mn3Ge) has an intrinsic weak in-plane ferromag-
netic component due to the canting of Mn magnetic moments along its easy magnetization axis. In
this work we report on the growth and magnetic properties of highly textured Mn3Ge thin films
grown on GaN (0001) substrates by magnetron sputtering. The substrate temperature was fixed at
400 ℃, despite that Mn3Ge is a high temperature phase due to the influence of the hexagonal sub-
strate. The lattice constants of Mn3Ge are a = 5.33 Å c = 4.31 Å and those of GaN (0001) substrate
are a = 3.190 Å and c = 5.19 Å allowing a hexagon on hexagon growth between film and substrate
within a GaN (√3×√3)R30° surface unit cell with a lattice mismatch of 3.26%. This mismatch points
out that Mn3Ge needs to be subjected to tensile strain to match the GaN lattice constant. Reflection
high-energy electron diffraction and X-ray diffraction were used to confirm a hexagon on hexagon
uniaxial texture. The antiferromagnetic phase of Mn3Ge needs Mn excess in order to stabilize the
antiferromagnetic phase. We found precise conditions to grow antiferromagnetic Mn3Ge, which is
well described by the magnetization vs. magnetic field, Néel temperature, coercivity and anisotropy
upon the variation of Mn content.
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Effect of bath temperature in the formation of CdS related thin
films and their evaluation as super-strate of CdTe films produced
by RF sputtering
Authors: Leonel Sanchez-Garcia1; Luis Vega-Cano1

Co-authors: Alejandra García-Sotelo 1; Angel Guillen-Cervantes 1; Miguel Melendez-Lira 1

1 Departamento de Fisica, Cinvestav-IPN

CorrespondingAuthors: estenoesvega@gmail.com, leon.szg14@gmail.com, alejandra.garcia.s@cinvestav.mx

Thin films were deposited by the Chemical Bath procedure employing bath temperatures of 30℃,
35℃, 40℃, 45℃, 50℃, 55℃, 60℃, 65℃, 70℃, 75℃, 80℃, 85℃ and 90℃ using reported precursors
that produce CdS films. UV-Visible and Raman Spectroscopies were employed to evaluate film char-
acteristics. It is observed a blue shift behavior in bandgap value as temperature decreased while
Raman spectroscopy indicated CdS formation for films deposited above 60℃.
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Films with CdS characteristics were employed to deposit on them CdTe films by RF sputtering.
We report the results of the characterization of the chemical, optical and structural characteristics
and their influence on the electrical transport properties of the as-grown and thermal annealed
CdS/CdTe heterostructures.
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Photolithography is an essential process manufacturing of integrated circuits, which involves the use
of various materials with different properties. The silicon dioxide is widely used due to its optical and
electrical properties; therefore, it is of utmost importance not only to have a method to synthesize it
but also to have a method for the selective etching of silicon dioxide. We can mention two methods:
chemical etching in hydrofluoric acid and plasma etching. This study aims to present an alternative
method for silicon dioxide selective etching. This method consists of the sputtering deposition of
a thin aluminum film pattern in the center of the surface of a substrate, for later deposit a silicon
dioxide thin films all over the surface of the substrate including the thin aluminum film previously
deposited. As a result, an A zone (SiO2/Al/substrate) and a B zone (SiO2/substate) will be obtained.
Finally, the substrate is immersed in ferric chloride (FeCl3), with which after a few minutes the
SiO2/Al system in the A zone will be detached from the substrate, while the system in the B zone
remain intact. We can then deduce that silicon dioxide and aluminum seem to interact with each
other through aluminum diffusion into the SiO2 thin film, resulting in a change in the SiO2 properties,
so it can be detached from the substrate. This effect can be directly applied to photolithography
technology.
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A series of AZO films were growm by using physical vapor deposited (PVD) in a DC Sputtering
system (Intercovamex V3), varying the PpO2 (5, 10, 20, 30, 40, 50 y 75 mTorr), under power and
argon flow constant. The selected aluminum contents (atomic ratio of Zn:Al) were 1:3, 1:7 and 1:12.
The samples labeling as a function of partial pressure was made as follows: AZO1, AZO2, AZO3,
AZO4, AZO5, AZO6 and AZO7, and their characteristics of percentage transmittance in the visi-
ble region, atomic ratio Zn:Al, band gap and thickness are summarized in Table 1. The thin films
surfaces were characterized by scanning electron microscopy (SEM, JEOL JSM-7401F) and X-ray
diffraction techniques (Panalytical X-Pro). The optical properties were made in a UV-Vis PERKIN-
ELMER Lambda10. The electrical properties were obtained through the Hall Effect using the Van
Der Paw method. An EGK equipment was used applying a magnetic field of 0.51T and a current of
50µA in order to determine the resistivity of the prepared thin films.

In this work we will focus on the deposition and characterization of thin films of ZnO, AZO and
ZnO/Al/ZnO trilayer arrangements deposited by pulsed DC Magnetron Sputtering DCp-MS. It is
widely used in the manufacture of hard, soft, anti-corrosion, decorative coatings and the manufac-
ture of thin films with specific optical and electrical properties. In this process, the white or target
functions as a cathode and is bombarded with positive ions of an inert gas accelerated due to a
potential difference within a chamber, forming plasma, this causes the evaporation of the material
atoms.
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CORROSION RESISTANCE AND HARDNESS EVALUATION ON
AZ31BALLOYBYATMOSPHERIC PRESSURE PLASMA JETTiO2
COATING
Author: José Antonio Barrera Fernández1
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Magnesium (Mg)-based bio-alloys are used in biomedical applications such as bone fixation, car-
diovascular stents, dental implants, etc. This research focuses on the mechanical and corrosion
behaviour of substrates of AZ31B (Mg-Al-Zn) alloy. The thermal spray technique APPJ was used to
deposit TiO2-based coating on the substrates. The microstructure, hardness and corrosion current
of the material were all examined. This study demonstrates an improvement of the corrosion resis-
tance of an AZ31B magnesium alloy achieved by the application of 2.5 μm-thin coatings generated
by APPJ free of solvent process. This barrier layer protected substrate from 3.5 wt % NaCl and SBF
solutions (Icorr = 130 & 125 mA, respectively) sustained by the existence of ceramic layer which is
integrated (via physical anchoring) with the MgO inner particles. This corrosion resistance is due to
its disordered structure, the creation of a passive coating and consistent material composition on the
surface. Results reveal that, under the APPJ treatment, grain refinement and homogeneity can be
improved meanwhile, pre-thermal treatment (500℃) tendency in the coating process significantly
hold nearly substrate melting point. The TiO2-coated AZ31B alloy has improved its surface mor-
phology and hardness (33% HRc increment). Furthermore, the difference in corrosion resistance of
TiO2-based coatings was detected using their microstructures created during the coating deposition
process. APPJ disintegrating melt deposition is a promising approach to develop Mg-based alloys for
biomedical applications given that the corrosion resistance is related to the stability of the deposit
and its chemical environment.
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The hybrid plasma used in this work was created by combining a stationary microwave ECR (with
magnetic field) discharge using nitrogen as the working gas, and the plasma formed during the
pulsed laser ablation of a GaAs solid target. The pulsed plasma propagates perpendicularly through
the microwave plasma flux. The hybrid plasma was created at a working pressure of 6 x 10-4 Torr.
Plasma parameters such as density, electron temperature and mean kinetic ion energy were deter-
mined using Langmuir probes. The optical emission spectroscopy measurements showed a signifi-
cant improvement of the excited species present in the hybrid plasma in comparison with the individ-
ual plasmas. The characteristics of the GaN thin films deposited at different experimental conditions,
such as the proportion of nitrogen in the working gas, the mean kinetic energy of ions produced dur-
ing the ablation process were studied by means of XPS, Raman spectroscopy and XRD.
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This work demonstrates the growth of the LEMAS laboratory of the Universidad Politécnica del
Valle de México located in the state of Mexico. The Lemas laboratory allows the development and
application of scientific knowledge, and strong support in the generation of high-quality human
resources. It also aims to carry out research collaborations between different national and foreign
universities, as well as offer scientific research services to the industry at a national level. With
the purpose of developing and applying scientific knowledge in the areas of study, modification and
application of surfaces, to propose and implement responses to technological problems present at
the regional, state and/or national level. The LEMAS Laboratory seeks to contribute to the national
development plan of Mexico and CONAHCYT 1
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In the present work a nitrogen microwave ECR (electron cyclotron resonance) discharge was com-
bined with the plasma created during the ablation of a molybdenum target to deposit MoN thin
films. The deposit was formed on quartz substrates at a low deposition temperature (300 ℃). The
hardness values of the MoN films show a specific dependence on the plasma parameters (mean ki-
netic energy (Ek) of the ions) that could be varied depending on the power density applied on the
target. Plasma parameters were measured by Langmuir probe. The structural characterization of
the films performed by X-ray diffraction showed the presence of the d-MoN (hexagonal) phase in all
cases. The XPS analysis showed that the nitrogen content decreases as an effect of the increase of
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the kinetic energy of the ions, which could explain the increase of hardness of the samples with the
ion energy.
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The objective of this work is to tribologically characterize the two-layer hard coating applied elec-
trolytically on pure titanium which was subsequently nitrided. A Plint TE 66® microabrasion ma-
chine was used to perform the wear test. A layer of zinc was initially deposited on the titanium. and
later a layer of chrome was applied. Both layers were deposited using a novel electroplating tech-
nique that uses DTPA as an electrolyte, subsequently applying a nitriding process. Microabrasive
wear resistance was determined using average 4 μm SiC diluted in distilled water. The lost volume
(V) and wear coefficients (k) were obtained for the coating and for the uncoated metal. The results
showed that pure titanium has a lower resistance to microabrasive wear compared to the coating
(chrome/zinc), nitriding provides greater surface hardness, which influences and increases wear re-
sistance. The wear trace was characterized by optical and electron microscopy (SEM), through which
we identified the wear mechanisms of three-body rolling microabrasion.

Keywords:

Nitriding, microabrasion, electrolytically, Chrome, Zinc

Reference:

John Bibber, Sanchem Inc. Chicago, An Overview of Nonhexavalent Chromium Conversion Coatings –
Part II: Zinc, Metal Finishing, Vol. 100, Issue 2 (2002) 98-102.

This work was supported by:

Instituto Politécnico Nacional and Escuela superior de Ingeniería Mecánica y Eléctrica, Unidad Zaca-
tenco.

Author approval:

Page 317

https://pub.mdpi-res.com/nanomaterials/nanomaterials-13-02753/article_deploy/html/images/nanomaterials-13-02753-ag.png?1697114842


XVII-ICSMV / Book of Abstracts

I confirm

Author will attend:

I confirm

TRIBOLOGY, SURFACES AND INTERFACES / 80

Techniques for determining the thickness of the lubricating oil
film in refrigeration systems
Author: ERICK MONSIBAIS SILVA1
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In refrigeration systems, the lubricating oil film plays a crucial role in reducing friction and wear
between moving parts, thereby ensuring efficient and long-term operation. Accurately determining
the thickness of this oil film is essential for optimizing system performance and preventing failures.
This study aims to review various techniques used to measure the thickness of the lubricating oil
film in refrigeration systems. The study concludes that the selection of the technique depends on
specific system requirements, such as operational environment, desired accuracy, and available re-
sources. Future research should focus on hybrid methods that combine the strengths of multiple
techniques to achieve more comprehensive monitoring. This work highlights the importance of
advanced measurement techniques in enhancing the reliability and efficiency of refrigeration sys-
tems.
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The study of effects and protection against gamma radiation on glass is the result of a need due
to the boom of space missions focused on meteorological studies and observation of the earth and
the universe, however, creating efficient shielding for certain components or systems and inhibiting
damage caused by such radiation continues to generate great technological challenges to this day.
The present work focuses on the study of changes of the transmittance of pyrex glasses coated with
Ti/Mg nano multilayers of different periods, to determine the degree of protection that they can
offer when the glasses are exposed to gamma radiation. The nanostructured multilayers were gener-
ated using the Pulsed Laser Ablation Deposition technique, where the Ti layer was deposited at low
or high ion energies. The elemental composition and crystalline structure of the films is reported.
Once the protective multilayers were obtained, 10x10 mm Pyrex glass samples were irradiated by
exposing them in a controlled manner to a 60Co source at doses of: 1, 1.5, 8 and 9.5 kGy. The dif-
ferent multilayers were used as shields of the Pyrex against gamma irradiation and using a UV-Vis
spectrophotometer, the transmittance of each of the irradiated samples was determined, reporting
the variation between the protected samples and those not protected with the nanostructured mul-
tilayers.
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In the searching of a better understanding of the tribological phenomena, in this work, the study
of the oscillations in pin-on-disk tribological tests of three samples of steel at different lubrication
conditions is addressed. One specimen was tested at dry condition, other was tested in water bath,
and the last one was coated with a solid film coming from engine lubricant, later, it was also tested.
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The friction coefficient data of the three tests were analyzed from statistical calculation of the mobile
average and mobile standard deviation, the raw data of the friction profiles were taken as information
signal, and the discrete Fourier transform method was used to identify the oscillation frequencies
and its dynamic in the friction profiles. The results of the analysis yielded mobile average of the
friction coefficients very similar to raw data and mobile standard deviation profiles indicating the
transition of the friction profiles between high deviation and low deviation regions. The Fourier
analysis revealed a non-oscillatory signal and some harmonic frequencies which intensities change
along test time for the three specimens tested. From results, it is concluded that, while the high
mobile standard deviation of the friction coefficient is related to oscillations, the low mobile standard
deviation is related to the non-oscillatory signal, which is, in fact, a stochastic condition. The delay
or advance of the changes in harmonic frequencies are associated with the lubrication media and
the final friction coefficient. The understanding of the last relationship is useful to propose more
efficient tribological systems.
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In this paper I will evaluate the hard surface formed on steel used in the manufacturing industry
with a hard coating; with the boriding process with dehydrated pulp in a box at temperatures of
850, 900, 950 and 1000 ℃, with residence times of 1, 2, 3, 4 h. The morphological characterization
of these phases obtained by the thermochemical boriding treatment will be performed by optical
microscopy (OM). The FeB/Fe2B layers obtained on the surface of the material were determined
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by X-ray diffraction (XRD); on the other hand, the microhardness will be evaluated by the Vickers
microindentation technique. Finally, the adhesion of the FeB /Fe2B coating will be estimated by
Rockwell testing with the VDI - 3198 standard. With the present work I will show the type of iron
boride and its mechanical characteristics for possible applications in the manufacturing field.
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In this work we will evaluate the hard surface formed on steel used in the plastics industry with a
hard coating; with the boriding process with dehydrated pulp in the box at temperatures of 850, 900,
950 and 1000 ℃, with dwell times of 1, 3, 5, 7 hours. The morphological characterization of these
phases obtained by the thermochemical boriding treatment will be carried out by optical microscopy
(OM). The FeB /Fe2B layers obtained on the surface of the material were determined by X-ray diffrac-
tion (XRD); on the other hand, the microhardness will be evaluated by the Vickers microindentation
technique. Finally, the adhesion of the FeB /Fe2B coating will be estimated by Rockwell testing with
the VDI -3198 standard. This paper will show the type of iron boride and its mechanical character-
istics for possible applications in the field of plastic injection molds.
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In the present work a nitrogen microwave ECR (electron cyclotron resonance) discharge was com-
bined with the plasma created during the ablation of a molybdenum target to deposit MoN thin
films. The deposit was formed on quartz substrates at a low deposition temperature (300 ℃). The
hardness values of the MoN films show a specific dependence on the plasma parameters (mean ki-
netic energy (Ek) of the ions) that could be varied depending on the power density applied on the
target. Plasma parameters were measured by Langmuir probe. The structural characterization of
the films performed by X-ray diffraction showed the presence of the d-MoN (hexagonal) phase in all
cases. The XPS analysis showed that the nitrogen content decreases as an effect of the increase of
the kinetic energy of the ions, which could explain the increase of hardness of the samples with the
ion energy.
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Tribological study of NbN coating on AISI 410 SS surfaces in dif-
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The tribological performance is controlled by all the components involved in the system of contact,
the work atmosphere, one of the most critical parameters that affect the chemical changes of the
contact surfaces during the tribological operation [1-4]. This work presents the tribological results
of AISI 410 SS surfaces coated and uncoated with NbN film produced by DC magnetron sputtering
in argon, vacuum, and room atmosphere. The surfaces were structural, elemental, and morphol-
ogy characterized using XRD, EDS-SEM, and SEM equipment, respectively. The tribological studies
were carried out using equipment that was designed and constructed in the lab. The coefficient of
friction (CoF) was registered in real time. At the same time, the wear rate produced by each work
atmosphere was morphological, chemical, and elemental, characterized using SEM, Raman, and SEM-
EDS, respectively. The average kinetic CoF value produced during the sliding-contact operation on
the AISI 410 SS surfaces was similar for the tests in atmospheric and argon work environments, with
a lower CoF value in vacuum. The wear rate produced on the steel surfaces was more significant
in argon than in the other two work environments. The coated surfaces with NbN film showed a
higher CoF value and wear rate in the atmospheric work environment than in the vacuum and argon
work environment.
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This study was carried out to characterize a boride layer obtained by thermochemical boriding treat-
ment and to evaluate its tribological performance. AISI M2 steel substrates with an initial surface
roughness Ra=0.2 µm were borided by powder packing technique, using the following combinations
of temperature and exposure time: 1123 K for 2 h, 1123 K for 4 h, 1148 K for 3 h and 1173 K for 2
h. The phase type, microstructure, surface roughness and nanohardness of the boride layer formed
on the surface of AISI M2 steel substrates were investigated by XRD, SEM, contact profilometer
and instrumented indentation tests, respectively. Subsequently, tribological pairs formed by the
resulting boride layer and an alumina sphere (static partner) were subjected to a wear test using
the pin-on-disc test, under dry conditions and at room temperature. In addition, the curves of the
friction coefficient as a function of distance were obtained. The results of this study showed that a
single-phase Fe2B boride layer was formed on the surface of the borided substrates. At the surface
of the Fe2B single-phase boride layer, the average depth of the valleys (0.95-1.49 µm) was greater
than the average height of the peaks (0.81-1.26 µm). The coefficient of friction of the borided sub-
strates was lower (0.51-0.75) compared to that of the unborided substrate (0.81). The average depth
of the wear track formed on the borided substrates (1.63-3.31 µm) was less compared to that of an
unborided substrate (22.58 µm). In the borided substrates there was a coexistence of a high coeffi-
cient of friction and high wear resistance, and vice versa; while in the unborided substrate there was
a coexistence of a high coefficient of friction and low wear resistance.
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This study presents the characterization of food-grade agar films functionalized with 98 nm silver
nanoparticles (Ag NPs) and 30 nm titanium dioxide nanoparticles (TiO2 NPs) at different concen-
trations, proposing each as an antibacterial packaging material and emphasizing their potential to
preserve organic products during transportation, storage, and sale. The films were synthesized by
microwave irradiation, which allows for uniform temperature distribution, assisting in the obten-
tion of homogeneous films and reducing the process time. Nanoparticle characterization involves
diverse techniques, including Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), Dy-
namic Light Scattering (DLS), and UV-visible (UV-Vis) spectroscopy. Meanwhile, the agar films with
different concentrations of NPs were characterized via Fourier Transform Infrared Attenuated Total
Reflectance (FTIR-ATR) spectroscopy, UV-Vis, SEM, and antimicrobial assays. Grapes were coated
with agar films with and without NPs to study the modification in food preservation, which exhib-
ited significant preservation of water in the grapes and protection against oxidation of the grape
membrane. The other results of these studies offer comprehensive insights into their physicochem-
ical properties and potential applications within the food and perishable products industry. This
research underscores the promising role of functionalized agar films in enhancing food safety and
extending shelf life, contributing to advancements in intelligent packaging technologies.
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Abstract

The automotive, maritime, aeronautical and agricultural industries need a series of innovative coat-
ings on engineered that are submitted to high demand working conditions. For that, several research
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projects are dedicated to improving the protective properties of the part surfaces in order to increase
their useful life with the generation of a protective layer on the part´s surfaces. A good adhesion
property between the a coating and surfaces of the part is one of the most important characteristic of
a coated surfaces, being one good option, the generation of a coating by boriding process that can be
the key to reducing wear and improve the useful life of engineering parts [3, 4]. In the same way, the
reduction of waste is one of the main goal of the green chemistry, including the deposition process.
This work shows the initial results of boriding processes allows to modify the surface properties of
the material [5].In this study, ASI 9254 steel was. Specimens presented a square geometry with di-
mensions 2,54 cm x 2.54 cm and 1.5 cm of thickness. The boriding process was performed with reused
boron paste of temperature at 1000℃for 4hrs,in a conventional muffleafter the thermochemical pro-
cess, the box was removed to the cooling process at room temperature. The characterization of the
type, morphology and thickness of the iron boride samples was obtained using optical microscopy
(MO) using the equipment ZEISS Axio Vert.A1. The crystalline structure identified by X-Ray,with
Bruker D8 Advance equipment, Cu Kα λ=1.5406 Å radiation. For the analysis of adhesion, the fol-
lowing standard was used VDI 3198 standard [8]. Cracks were also determined using the following
Jeol JSM-6010LA (SEM) equipment, with ‘promising’ results .
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The objective of this article is to study the tribological behavior of an AISI 8620 steel, which was
subjected to a boriding and carbonitriding process, analyzing the hardness and the relationship it
has with respect to abrasion, as well as the formation of cracks generated. During the dry abrasive
process, due to this phenomenon, it was observed that fracture wear occurs in the boride coating,
as well as other types of wear, and a lower adhesion of the carbonitrided substrate is observed. The
hardness obtained in the boriding steel was 57.8 HRC and its microhardness was 650 HV, while in the
carbonitrided steel it is 58.3HRC and 660HV respectively. Although the hardness obtained in both
treatments are very close, their behavior under the same conditions varies considerably, because this
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difference directly influences the resistance presented by the abrasion phenomenon. The abrasion
test carried out dry confirms that the carbonitriding coating allows less slippage of the abrasive
particles compared to boring, in which the grooves generated are few and shallower, this is because
there is less plastic deformation. The mass loss is lower compared to that obtained from carbonitrided
steel. In general, boriding offers excellent resistance to wear, since there is a diffusion of boron in the
crystalline network, altering the surface microstructure of the 8620 steel, which allows it to better
resist abrasion, this is confirmed with a lower loss of mass.
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An automation system was designed and implemented, using ARDUINO, that allows us to continu-
ously measure the environmental conditions and define the dew point to obtain condensed water in
the collection system. With the object of explore the better surface to get condensation and precip-
itation of water we use various copper plates with different treatments, including pristine cooper,
porous cooper (50μm pore size), and cooper with MWCNT in the surface, which were characterized
using techniques such as contact angle, scanning electron microscope (SEM) and roughness analy-
sis, each of these plates were put in a good thermal contact with a Peltier cell with its respective
water-cooling system.
From the temperature and humidity obtained with a DHT11 sensor, and using a calibration curve
that related the voltage and temperature of the surface of the Cu plate, the program determined the
voltage needed to adjust the temperature to the dew point. The system regularly send to the power
supply, or temperature controller, a signal to adjust the voltage on the board and thus maintain the
optimal conditions to constantly condense the water under any external conditions.
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TiAlZrTaNbNx/TiAlZrTaNb nano-multilayer films grown by High-Power Impulse Magnetron Sput-
tering (HiPIMS) on Haynes 282 superalloys, varying the bilayer period and a total thickness of about
1 μm. In this study, the influence of the bilayer period on the microstructure, tribological and me-
chanical properties of these films have been investigated. The microstructure, morphology and chem-
ical composition of the coatings were analyzed by X-ray diffraction, Scanning Electron Microscopy
and Energy Dispersive X-ray spectroscopy. The mechanical properties were evaluated by means of
nanoindentation, and the tribological properties was studied with pin-on-disk technique. The perfor-
mance of the (TiAlZrTaNb)Nx/ TiAlZrTaNb nanomultilayer was enhanced with the period increase,
which can be attributed to the formation of a structure more dense . This multilayer architecture
hinds columnar film growth resulting in better wear resistance.
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