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Atomically Precise Graphene Nanoribbons: from Synthesis to
Device Integration

Gabriela Borin Barin'

1 Swiss Federal Laboratories for Materials Science and Technology, Empa

gabriela.borin-barin@empa.ch
Abstract

Graphene nanoribbons (GNRs) show exciting properties deriving from electron
confinement and related band gap tunability [1]. The ability to tune GNRs’ elec-
tronic and magnetic properties at the single-atom level makes them an ideal plat-
form for a wide range of device applications, from classical transistors to spintronics.
In this tutorial, I will provide an overview of the necessary steps to bring GNRs
from ultra-high vacuum (UHV) to device integration, focusing on synthesis, charac-
terization, device architectures, and transport measurements. After UHV bottom-
up synthesis, GNRs are transferred using wet or semi-dry/dry transfer methods.
Those processes allow the characterization of GNRs fingerprint modes via Raman
spectroscopy and the characterization of their electronic properties on decoupled
substrates such as quasi-free-standing graphene via scanning probe methods [2].
Finally, I will discuss progress in integrating GNRs into field-effect transistors with
different gate and contact configurations, as well as the main challenges in achieving
clean contacts and high performance with 1D low-dimensional systems [3].
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Figure 1: a) and b) precursor monomers for GNRs with different edge topology and correspondent noncontact
atomic force microscopy images, ¢) Raman spectrum of 5-AGNRs with the assignment of the most prominent
peaks on Au (111) and on the device substrate after transfer; atomic displacement profiles obtained from DFT
calculations of 5-AGNRs, d) Schematic of the device, using CNT as electrodes, including the measurement
circuit; stability diagram showing single-electron charging behavior.
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Mixed-dimensional heterostructures for electronic and energy
technologies

Mark C. Hersam'

! Northwestern University, 2220 Campus Drive, Evanston, IL 60208-8108, USA
m-hersam@northwestern.edu
Abstract

Layered two-dimensional (2D) materials interact primarily via van der Waals
bonding, which has created opportunities for heterostructures that are not con-
strained by epitaxial lattice matching requirements [1]. However, since any pas-
sivated, dangling bond-free surface interacts with another via non-covalent forces,
van der Waals heterostructures are not limited to 2D materials alone. In par-
ticular, 2D materials can be integrated with a diverse range of other materials,
including those of different dimensionality, to form mixed-dimensional van der
Waals heterostructures. Furthermore, chemical functionalization provides addi-
tional opportunities for tailoring the properties of 2D materials and the degree of
coupling across heterointerfaces. In this manner, a variety of optoelectronic and
energy applications can be enhanced including photodetectors, optical emitters, su-
percapacitors, and batteries [2]. Furthermore, mixed-dimensional heterostructures
enable unprecedented electronic device function to be realized (Figure 1) that ex-
ploit neuromorphic, opto-spintronic, and quantum phenomena [3]. In addition to
technological implications for electronic and energy technologies, this talk will ex-
plore several fundamental issues including band alignment, doping, trap states, and
charge/energy transfer across mixed-dimensional heterointerfaces.

2 4
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Figure 1: Mixed-dimensional heterojunctions based on 1D p-type semiconducting carbon nanotubes and 2D
n-type semiconducting MoS2 enable fully gate-tunable Gaussian, sigmoid, or mixed-kernel characteristics for
energy-efficient hardware accelerators for machine learning. Adapted from [3].

References
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Tuning the properties of 3-NaYF,:Ln*" nanomaterials: The role
of lanthanide nature on structure, morphology, and functional
properties

Andrey Mereshchenko!, Anna A. Betina?, Nikita A. Bogachev?

1School of Physical Sciences and Nanotechnology, Yachay Tech University, Urcuqui 100119, Ecuador
! Institute of Chemistry, Saint Petersburg State University, St. Petersburg 198504, Russia
amereshchenko@yachaytech.edu.ec

Abstract

Hybrid inorganic functionalized nanocomposites incorporating rare-earth ele-
ments are among the most extensively studied nanomaterials today. In medicine
and biology, they show significant promise for bioimaging applications, including
luminescence imaging, magnetic resonance imaging (MRI), and positron emission
tomography (PET). This potential arises from their unique optical and chemi-
cal properties, such as low autofluorescence, a high signal-to-noise ratio, deep tis-
sue penetration, reduced toxicity (including phototoxicity), high chemical stability,
large Stock’s shifts, and tunable luminescence properties achievable through synthe-
sis. Furthermore, their synthetic procedures are relatively straightforward. These
advantages are particularly inherent to nanomaterials based on NaYF4. Their low
phonon energy, compared to oxide matrices and metal-organic complexes, results
in a low efficiency of luminescence quenching by the transfer of electronic energy
to the matrix’s vibrational modes.

This work studies the effect of lanthanide ion nature on the size, morphology, and
structure of NaYF4-doped nanoparticles for two series of 3-NaYF,:Ln*" nanoparti-
cles (Ln = La-Nd, Sm-Lu) doped with 20 at.% and 40 at.% Ln*" [1]. The resulting
materials consist of uniform hexagonal prism-shaped particles, with sizes ranging
from 80 to 1100 nm depending on the specific lanthanide ion and its concentration
(Figures 1 and 2). The mean crystal diameter exhibits a non-monotonic dependence
on the lanthanide’s atomic number, with the smallest size observed for Gd3*-doped
materials. Concurrently, X-ray diffraction (XRD) analysis confirms that the unit
cell parameters decrease consistently from La to Lu. The study also explores the
optical properties and cytotoxicity of several surfactant-coated NaMF4-based mate-
rials (M =Y, Gd, Lu), which exhibit both down-conversion (NaMF4: Eu/Tb/Nd)
and up-conversion (NaMF4: Yb, Ho/Er) photoluminescence |2, 3|. The surfac-
tant coating stabilizes the colloidal solutions. These nanoparticles are promising
candidates for biological and medical applications, serving as dyes for fluorescence
microscopy and fluorescence-guided surgery, as well as contrast agents for MRI.
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Figure 1: SEM images of the NaY0.8Ln0.2F4 samples, Ln = a) La b) Ce ¢) Pr d) Nd e) Sm f) Eu g) Gd h)
Tb i) Dy j) Ho k) Er 1) Tm m) Yb n) Lu

Figure 2: SEM images of the NaY0.6Ln0.4F4 samples, Ln = a) La b) Ce ¢) Pr d) Nd e¢) Sm f) Eu g) Gd h)
Tb i) Dy j) Ho k) Er 1) Tm m) Yb n) Lu
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Optical and vibrational properties of amorphous graphene
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Abstract

We show that topology-induced localization of m-electronic states governs both
the broadband optical absorption and the resonant Raman response of monolayer
amorphous graphene. This material is a structurally distinct form of graphene in
which the absence of translational symmetry fundamentally modifies electronic and
vibrational excitations. It forms a continuous sp? network of non-hexagonal ring
motifs, yet the link between atomic topology, electronic localization, and optical
response remains largely unexplored.

To understand the optical response of amorphous graphene, we combine atomic-
resolution transmission electron microscopy, tight-binding simulations, optical ab-
sorption measurements, and resonant Raman spectroscopy. Atomic-resolution imag-
ing enables the reconstruction of the two-dimensional lattice, providing a structural
model for mapping the electronic states. Tight-binding calculations reveal strongly
localized 7 states at low energies that progressively extend over larger regions of
the network with increasing energy, reflecting the topology-dependent electronic
structure of the amorphous lattice. This evolution is directly reflected in the opti-
cal response, where we observe broadband absorption up to 20% across the visible
range for a single atomic layer. Consistently, resonant Raman spectroscopy reveals
a strong excitation-energy-dependent enhancement of the G mode, reaching up to
about fiftyfold toward lower excitation energies, closely following the evolution of
the optical absorption and indicating that the Raman response is governed by the
same localization-driven electronic structure.

These results establish a direct link between atomic topology and light-matter
interaction, showing that disorder can be used as a design parameter to tune optical
and vibrational properties in atomically thin materials.
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Flexoelectricity in Self-Assembled Graphene Nanowrinkles
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Abstract

Flexoelectricity, the polarization induced by strain gradients, manifests with re-
markable intensity in two-dimensional materials due to their extraordinary mechan-
ical flexibility and structural sensitivity. This phenomenon reaches peak expression
in highly curved nanostructures, where extreme charge redistribution creates mea-
surable electrostatic effects.

Our presentation will begin with an introduction to flexoelectricity’s fundamen-
tal principles in 2D materials [1]. We will then explore its microscopic origins in
graphene nanowrinkles (NW) through density functional theory (DFT), demon-
strating how intense curvature at top of the NWs generates significant local Gaus-
sian curvature values, producing observable macroscopic effects.

Our experimental observations focus on self-assembled graphene NWs formed on
flat MoS, substrates. The mismatch in elastic properties between these materials
creates strain gradients, which we mapped using sub-micro Raman spectroscopy.
Conductive atomic force microscopy (c-AFM) measurements revealed consistent,
reproducible flexoelectric currents under appropriate bias potential across extensive
networks of dense NWs.

Our research establishes graphene NWs as an ideal system for investigating
strong flexoelectric effects. The findings highlight significant potential applications
in strain-engineered nanoscale electronic and electromechanical devices, opening
new avenues for harnessing this phenomenon in future technologies. This work
bridges theoretical predictions with experimental validation, advancing our under-
standing of how nanoscale structural deformations in 2D materials can be leveraged
for novel electronic properties and functionalities [2].
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Abstract

Majorana zero-modes (MZMs) are spatially-localized zero-energy fractional quasi-
particles with non-Abelian braiding statistics. They are believed to hold great
promise for topological quantum computing. By using low-temperature and strong-
magnetic-field scanning tunneling microscopy /spectroscopy, a breakthrough of Ma-
jorana zero mode has been firstly achieved in a single material platform of high-7.
iron-based superconductor, FeTey555¢945. The mechanism of two distinct classes
of vortices presented in this system was revealed, which directly tied with the pres-
ence or absence of zero-bias peak. We further found the Majorana conductance
plateau in the vortices, approaching the quantized value of 2¢/h. Moreover, we
confirmed the existence of MZMs in the vortex cores of CaKFe;As, and LiFeAs.
Based on these works mentioned above, we have successfully achieved the large-
scale, highly-ordered and tunable MZM lattice in strained LiFeAs. Notably, more
than 90% of the vortices are topological and possess isolated MZMs at the vortex
center, forming ordered MZM lattice with the density and the geometry tunable
by external magnetic field. With decreasing the spacing of neighboring vortices,
the MZMs start to couple with each other. More recently, we demonstrated that
MZMs can be pinned by one-dimensional wrinkles. By controlling these wrinkles,
the spatial position of the MZMs can be effectively manipulated. Our results show
a great potential of MZMs in the application of topological quantum computations
in the future.
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Abstract

Atom probe tomography is a method of microscopic analysis that is well-established
in the study of hard materials. It is based on the controlled field desorption of
atoms or small molecular fragments from nanometric specimens and stands out by
combining single-atom sensitivity with a 3D volume reconstruction. A particular
stronghold of the method is the accurate measurement of chemical segregation at
grain boundaries and interfaces in complex nanostructured matter.

By supplying moderate high voltage to needle-shaped samples of typically 30
nm apex radius, extreme electrical field strengths are achieved. The fields are
so strong that they severely deform the electron distribution of covalent bonds
in solid materials. With increasing field strength, single atoms start evaporating
from the sample surface in a thermally activated process. They are recorded by
a two-dimensional detector setup of single-atom sensitivity. Triggering the atomic
evaporation by ultra-short laser pulses enables a time-of-flight spectroscopy that
identifies the desorbed species. From the recorded hitting positions of millions of
atoms, the analyzed volume is reconstructed to sub-nanometer accuracy.

Our current efforts progress advanced volume reconstruction schemes, the sim-
ulation by first-principles methods of the evaporation process and a full statistical
understanding of chemical fluctuations in the data sets, which form the base for a
direct measurement of Gibbs mixing energy of alloys. Most recently, we desire to
break the materials limitations towards the analysis of soft matter and polymeric
materials with this method.

In order to investigate the structure of complex fluids, micro-droplets of lig-
uids are quench-frozen in tiny metallic beakers cut into tungsten tips and then,
after freezing, shaped with focused ion beams to cone-shaped nano-needles. These
have to be transferred into the atom probe measurement chamber without melting.
Meanwhile, with this method, nanometric needles have been produced from aque-
ous solutions, alkanes and organic solvents as well as complex molecular liquids
such as liquid crystals. The talk shortly presents the recent progress in volume re-
construction methods based on advanced evaluation of event density maps on the
detector aperture using mathematical principles of differential geometry. It also
illustrates how a sophisticated statistical analysis of fluctuations can link the atom
probe data directly to the thermodynamic properties of the studied materials [1].
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The major part, however, will be devoted to the field desorption of complex
liquids presenting typical time-of-flight mass spectra and their dependence on field
or laser intensity. In comparison to measurements of metals and other simple-
structured hard materials, the mass spectra of polymeric materials become re-
markably complex, since the lower field strength in the evaporation provokes larger
molecular fragments in the mass spectra. So, even a rather simple liquid like water,
becomes quite interesting, although it contains only hydrogen and oxygen atoms.
Water field-evaporates in form of many different molecular clusters organized by
hydrogen bonds, while the size distribution of the clusters may be used as a measure
for the cluster “s thermodynamic stability. Required details of the evaporation pro-
cess can be only understood by comparison to DFT calculations (see the example
of alkanes in [2]).

At the high end of complexity, we investigated frozen liquid crystals. Atom
probe data demonstrate that under suitable conditions the amorphous or smectic
state of the liquid can indeed be frozen in the samples and so interfaces in the
apparent liquid state can be analyzed. On the other hand, controlled annealing
of the droplets slightly below the critical temperature can provoke crystallization
before quenching. In consequence, periodic lattice plane stacking of the liquid
crystal molecules can be observed and measured in the reconstructed volume of the
atom probe tomography [3] (see Fig. 1).
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Figure 1: Atom probe tomography of a partly crystallized 8CB liquid crystal (4’-octyl-4-cyanobiphenyl). a)
spatial reconstruction showing the arrangement of major molecular fragments. b) identified lattice stacking
in the crystalline nucleus. Inset at bottom right shows the structure of a single molecule. [3]
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Abstract

The design of robust and efficient molecular water oxidation catalysts (WOCs)
for integration with conductive oxide electrodes remains a significant challenge for
artificial photosynthesis. Herein, we report the development of self-assembled bi-
layer (SAB) systems|1] incorporating a Ru-based oligomeric WOC,|2] [Ru'!(tda)u-
b12]12(b12) (tda®~ is [2,27:6”,2"-terpyridine]-6,6"-dicarboxylate and by, is 3,3’-didodecyl-
4,4’-bipyridine), with long alkyl chains facilitating robust anchoring on fluorine-
doped tin oxide (FTO) and nano-antimony-doped tin oxide (nATO) electrodes.
The nATO-based molecular anodes exhibit two orders of magnitude higher cat-
alyst loading compared to FTO, owing to the porous architecture and enhanced
alkyl-alkyl interactions.

Electrochemical studies reveal efficient water oxidation at pH 7 with faradaic
efficiencies exceeding 92% and turnover numbers above 33,800. The assemblies
demonstrate exceptional stability attributed to the dynamic rebound mechanism of
the Ru-tb12 oligomer and the hydrophobic protection of the alkyl-silanotrisolate
layer. Furthermore, electron relay effects mediated by [Ru(bpy)s]*T and the Ru
centers enhance catalytic performance and minimize deactivation.|3|

In addition, we have extended this approach to photoelectrochemical systems by
applying the SAB strategy to BiVO,/WOs-based photoanodes. These results un-
derscore the potential of SABs for creating durable and efficient molecular (photo)anodes
for solar fuel applications.
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Figure 1: Scheme representing the supramolecular anchoring of a Ru!' molecular water oxidation catalyst
via multiple alkyl chains on a silanolate-functionalized oxide conductor, yielding a robust and efficient water
oxidation electrocatalyst.
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Abstract

Charge-transfer mechanisms lie at the core of many modern devices, including
solar batteries, phototransistors, fuel cells, and a variety of sensors. Understanding
these processes is essential for the development of next-generation technologies.
Recently discovered two-dimensional (2D) materials have emerged as exceptional
platforms for probing charge-transfer behavior, as they exhibit rich spectroscopic
signatures, and enable in situ measurements with high sensitivity [1]. Up to now
the charge transfer was able to be tracked only form the 2D material side. For
many charge transferring agents, the spectroscopic signature remains missing.

Hexacyano-trimethyl-cyclopropane (CN6-CP) is a custom made molecular ac-
ceptor that exhibits a high electron affinity (-5.94 eV) due to its unique [3]-radialene
framework and the presence of six strongly electron withdrawing cyano-groups mak-
ing it an ideal benchmark for studying charge transfer in hybrid systems. Graphene
is an excellent candidate for testing these molecules, as the effects of charge transfer
on graphene and its vibrational properties have been extensively studied, resulting
in a well-established understanding of its doped behavior [2].

Here we show that it is possible to track the charge transfer mechanism of
graphene to CN6-CP by monitoring in situ their Raman signatures.

Molecular deposition on graphene was carried out in the cryostat at 4 K and 10~°
mbar via resistive heating. The cryostat with its connections (liquid helium, power
supply and vacuum pump) are shown in Figure 1 (d). Both the chip containing the
graphene flake and a second chip with a gold coil were mounted on a chip carrier,
as illustrated in Figure 1 (b). The chip with the gold coil (lower left corner) is
wire-bonded to the chip carrier with silver wires and, together with a power supply
Agilent 34401a, forms an electric circuit, Figure 1 (c). A small amount of CN6-
CP, bright orange powder as shown in Figure 1 (a), was placed on the gold coil.
The application of voltage to the coil generates resistive heating that causes the
molecules to evaporate and deposit in the surroundings, including the graphene
flake. The voltage was incrementally increased from zero to 28 V allowing for
gradual and controlled evaporation of the molecules. After each voltage application,
a Raman spectrum was recorded.

When evaporated on graphene, a concomitant reduction of the molecule and dop-
ing of graphene will occur. In the formed heterostucture, both Raman signatures
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of the charge transfer agent (CPyy, CPyys) and graphene (G, 2D) are present, as
displayed in Figure 2 (b). Upon accepting the electron, CN6-CP forms a radical
anion, Figure 2 (a), that displays a distinct Raman shift of the CP vibration from
1763 to 1852 cm ™!, providing a clear marker of its reduction. The amount of charge
transfer is monitored by the increasing intensity of the CPr4 peak throughout the
doping evolution. Complementary, G and 2D modes of graphene blue-shift by 13
cm~! and 9 cm ™! respectively, compared to the pristine graphene (lower spectrum)
shown in Figure 2 (c¢). The integrated intensity of the radical anion peak reaches
its maximum around the same voltage as the saturation of G peak of graphene,
indicating a quantitative correlation between the two. Employing Frohlicher et
al. [3] G-shift vs charge transfer correlation plot, the corresponding charge trans-
fer density of 0.75 x 10'3 cm~2 was determined. This correlation establishes the
CN6-CP radical anion Raman signature as a reliable tool for quantifying charge
transfer. Such an approach could be particularly advantageous for 2D systems
lacking clear spectroscopic markers, with the relevant information instead provided
by the doping agent.

,( liquid He
W connection

= A (&
| e

connection to
power supply

Q\ 9-\ '

Figure 1: Experimental procedure (a) freshly synthesized CN6-CP molecules in powder form (b) chip carrier
with golden coil (lower left) and chip with graphene flake (upper right) (c) left - evaporation of molecules
using resistive heating, right - Raman measurement of graphene/CN6-CP heterostructure (d) experimental
set-up
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Figure 2: (a) neutral CN6-CP molecule (pink) and reduced CN6-CP molecule (purple) (b) Raman spectrum
of graphene/CN6-CP heterostructure. The CP Raman mode shifts from 1763 cm™! in neutral molecule
(CPxar) to 1852 cm™! in radical anion (CPgra) (c¢) maximum blue shift of G and 2D modes of graphene
upon doping with CN6-CP
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Abstract

In this tutorial, I will cover the basics of the most common machine-learning
methods used to perform regression on datasets: neural networks and Gaussian
process regression. [ will then explain how these concepts can be extended to
high-dimensional atomistic systems, including local and non-local atomic represen-
tations, and finalise with a showcase application in which we use these methods to
simulate polarization-dependent Raman spectra of single crystals.
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Abstract

Amorphous materials exhibit various characteristics that are not featured by
crystals and can sometimes be tuned by their degree of disorder (DOD). Here,
we report an kinetic-Monte-Carlo (kMC)-assisted active-learning framework for
efficient potential energy surface exploration of Monolayer amorphous materials.
Utilizing this method, we collect monolayer amorphous configurations with vari-
ous DOD and train accurate machine learning potentials (MLP). Then, we report
results on the mechanical properties of monolayer amorphous carbon (MAC) and
monolayer amorphous boron nitride (maBN) with different DOD. An intuitive or-
der parameter, namely the areal fraction Fx occupied by crystallites within the
continuous random network, is proposed to describe the DOD. We find that Fx
captures the essence of the DOD: Samples with the same Fx but different sizes and
distributions of crystallites have virtually identical radial distributions functions as
well as bond-length and bond-angle distributions. Furthermore, by simulating the
fracture process with molecular dynamics, we found that the mechanical responses
of MAC and maBN before fracture are solely determined by Fx and are insensitive
to the sizes and specific arrangements of the crystallites. The behavior of cracks
in the two materials is analyzed and found to mainly propagate in meandering
paths in the CRN region and to be influenced by crystallites in distinct ways that
toughen the material. The present results reveal the relation between structure
and mechanical properties in amorphous monolayers and may provide a universal
toughening strategy for 2D materials.
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loss method

Miskovic Zoran'

Y University of Waterloo, Applied Mathematics Department, Waterloo, Ontario, Canada
zmiskovi@uwaterloo.ca

Abstract

We study the mobility of charge carriers in an anisotropic two-dimensional (2D)
material, represented by doped phosphorene (monolayer black phosphorus), which
is controlled by elastic scattering of charge carriers on charged impurities (CIs) in
the presence of a weak, constant electric field applied across phosphorene. The
anisotropy of phosphorene is caused by large differences in the effective masses for
conduction and valence electron bands along the principal directions of the phos-
phorene atomic lattice, known as the armchair and the zig-zag directions. While a
similar problem is routinely tackled in isotropic 2D materials by utilizing a straight-
forward solution of the linearized Boltzmann transport equation (LBTE) in the ap-
proximation of the momentum relaxation time (MRT), the situation becomes much
more complicated in anisotropic 2D materials, where the MRT becomes dependent
on the direction of the applied electric field [1]. In this case, the LBTE becomes
an integral equation for the MRT that depends on the electron quasi-momentum
vector, whose solution is computationally very demanding.

As an alternative approach to solving the above problem, we generalized the
so-called energy loss method (ELM) and found it to be significantly more compu-
tationally efficient, while giving essentially the same results for the DC mobility
of doped phosphorene as solutions of the LBTE. The ELM in the case of carrier
scattering on Cls is based on the Galilean transformation between the laboratory
frame where the impurities are at rest while charge carriers in phosphorene are
drifting with constant velocity vy (see Figure 1), and a frame where the impurities
move in the opposite direction with velocity —v4 while phosphorene is at rest [2].
Invoking equivalence of the Joule power released in phosphorene and the energy
loss rate for the system of moving impurities, and assuming that the drift speed is
low, makes it possible to circumvent the concept of relaxation time and express the
DC mobility tensor of phosphorene as an integral involving the energy loss function
(ELF) for charge carriers in phosphorene that is approximated to the leading order
in frequency [2]. The ELF of phosphorene is obtained by combining the Green’s
function of the Poisson equation for surrounding dielectrics with the polarization
function of doped phosphorene, which is obtained from the well-known Lindhard
function of an isotropic 2D electron gas by suitably re-scaling the electron quasi-
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momentum vector components by means of the anisotropic electron effective masses
of phosphorene.

Taking advantage of the computational tractability of the ELM, we investigated
some more complex aspects of the problem, such as the effects of spatial correlation
among the CIs, inclusion of interband electronic transitions in the polarization
function of phosphorene, and the use of the Maldague formula to evaluate the
effects of finite temperature on the mobility. Besides showing comparisons of our
results for the mobility using the ELM with those obtained by other groups using
the LBTE method, we also present some aspects of modeling of anisotropy effects
in phosphorene devices [3].

Drift velocity

Figure 1: Schematic diagram of the problem.
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Incorporating Nuclear Quantum and Anharmonic Effects into
Tip-Enhanced Raman Spectroscopy
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Abstract

Vibrational spectroscopy provides fundamental insight into molecular structure
and dynamics. Nuclear quantum effects (NQEs) can be critical in vibrational spec-
troscopy, where they modulate the position, shape, and intensity of spectral fea-
tures. Recently, we demonstrated that the partially adiabatic elevated-temperature
centroid molecular dynamics (PA-T.-CMD)! approach accurately reproduces vi-
brational spectra across molecular and condensed-phase systems, including at low
temperatures where NQEs are most pronounced. This method allows the study
quantum infrared and Raman scattering vibrational signals in a variety of spec-
troscopy techniques. Tip-Enhanced Raman Spectroscopy (TERS)? is a powerful
technique for imaging single-molecule vibrational motion and surface defects, as it
enables sub-nanometer spatial resolution. Building on recent first-principles finite-
field formulations of TERS?, we combine this framework with PA-T.-CMD to ex-
plore the role of nuclear quantum motion and anharmonicity in near-field spec-
troscopic observables. As a first application, we study hydrogen-bonded chains
of 2,5-diamino-1,4-benzoquinonediimine (DABQDI) and discuss how NQEs may
influence vibrational features in simulated TERS images.
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Figure 1: (a) Nuclear quantum effects (NQEs) are captured within the path-integral molecular dynamics
(PIMD) formalism, where each atom is represented by a ring polymer of P replicas connected by harmonic
springs. Vibrational spectra are computed from the dynamics of the ring-polymer centroids (b) In centroid
molecular dynamics (CMD), the centroids evolve at the system temperature Tsys under mean-field forces from
the internal modes. When the fluctuation temperature Tfluct=Tsys, CMD can yield distorted spectra. In the
elevated-temperature approach, Tfluct >Tsys, which suppresses these artifacts. (c) Infrared spectra of a water
molecule at 50 K obtained from different imaginary-time path-integral methods. The exact spectrum is shown
for reference, with vertical dashed lines as visual guides. (d) Simulated Tip-Enhanced Raman Spectroscopy
(TERS) map of a hydrogen-bonded 2,5-diamino-1,4-benzoquinonediimine (DABQDI) molecule, illustrating
the sub-nanometer spatial resolution achievable in near-field vibrational spectroscopy. In ongoing work, the
PA-T.-CMD framework will be employed to incorporate nuclear quantum and anharmonic effects into such
TERS simulations.
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Nanotechnology-based tools for water contaminants’ monitoring
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Abstract

Owing to their unique qualities and the almost infinite tailoring possibilities,
engineered nanomaterials (ENMs) have been exponentially explored for many ap-
plications. Some of the most promising uses are in sensor development. In this talk,
I will describe our recently developed detection system for biotoxins from Harmful
Algal Blooms (HABs), based on specifically tailored nanomaterials and composites.
Seafood aquaculture is heavily impacted by toxic harmful algal blooms (HABs)
yearly. Significant efforts have been made to develop early warning systems for
HABESs, enabling the prediction of seafood contamination and facilitating early in-
tervention. Here, I describe the development of a portable, semi-automated system
using covalent organic frameworks and gold nanostars (COF/GNS) for surface-
enhanced Raman scattering (SERS) detection of paralytic shellfish toxins (PST).
The composites are accumulated in a microfluidic cartridge, and the read-out is per-
formed using a portable Raman system with a 785 nm laser line. Finally, automated
measurements and analyses are performed using ML /AT algorithms to estimate the
toxin concentration in the sample. However, ENMs are also potentially hazardous
contaminants if released into the environment, and one of the major bottlenecks
in studying their potential environmental impact is the lack of fit-for-purpose an-
alytical techniques. During this talk, I will also describe our recently developed
nanomaterial-based sensors for the selective detection of silver nanoparticles and
carbon-based nanomaterials.

Figure 1: Scheme: Nanotech-based in situ monitoring systems for water contaminants monitor-
ing.
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Abstract

Over the past few decades, plastic pollution has emerged as a major environ-
mental concern, particularly affecting marine ecosystems. While macroplastics have
long been recognized, microplastics (MPs) have become a critical issue since the
1970s. These tiny particles are durable and widespread in aquatic environments,
originating mainly from industrial microbeads (primary MPs) and the degradation
of larger plastics (secondary MPs). They are not confined to oceans; MPs travel
long distances via wind and water, contaminating various ecosystems. Annually,
an estimated 4.8 to 12.7 million metric tons of plastic waste reach the oceans, high-
lighting the severity of the problem (Jambeck et al., 2015). Fishing and aquaculture
activities contribute to MP pollution by degrading plastic gear, such as nets, floats,
and ropes, generating significant plastic waste despite their economic importance.
Domestic activities, including the breakdown of single-use plastics and synthetic
fabrics, also play a role. A study in Southwestern Madagascar revealed that about
40% of anthropogenic marine debris (AMD) collected from beaches and mangroves
was linked to small-scale fisheries (SSF) and community-based aquaculture (CBA).
This debris mainly comprises macroplastics from fishing gear and repurposed ma-
terials, which can fragment into smaller particles through processes such as UV
radiation, ultimately entering the marine environment. Currently, no definitive
study has confirmed whether plastic particles in Southwestern Madagascar’s ma-
rine environments come from marine or land sources. Most existing research relies
on estimates to determine MP sources. Identifying foams, filaments, films, and
pellets is generally easier than identifying fragments. For example, filaments are
often linked to fishing gear degradation, foams to flotation devices, films to packag-
ing, and pellets to primary MPs. Fragments, however, result from the breakdown
of larger plastics, making their sources harder to identify. Understanding these
sources is vital to connect local human activities with MP pollution. This study
examines MP contamination in sediments and waters of Southwestern Madagascar
to identify the main MP shapes and their links to local practices. We first focused
on macroplastics with clear sources, building an FT-IR library of these materials.
Then, we assessed MP abundance and traits in beaches, mangroves, and seawa-
ter, which are likely sites of MP accumulation. Using FT-IR fingerprinting, we
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analyzed MPs in relation to our IR library of macroplastic debris linked to local
human activities, including SSF and CBA, to determine their origins under human
influence. Results reveal notable differences in MP concentrations across various
environments, with the highest levels found in seafloor sediments, which tend to
accumulate MPs due to hydrodynamic forces and particle density. The study iden-
tified only secondary MPs, with filaments being the most common shape, followed
by fragments, films, and foams. Variations in size and color underscore the complex
degradation and transport processes in marine environments. To trace the sources
of these MPs, an infrared library of macroplastic debris linked to local activi-
ties—such as small-scale fishing and community aquaculture—was used. Findings
indicate that breaking down larger plastic items, especially woven polypropylene
bags and ropes, significantly contributes to MP pollution. This study highlights the
need for improved plastic waste management and sustainable solutions for fishing
and aquaculture materials to mitigate marine pollution.
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Figure 1: Typical IR spectra recorded to build up the used library used to identify the studied microplastics
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Magnetic Nanoparticles for Microplastics Remediation
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Abstract

Microplastics have become a major environmental concern due to their resistance
to degradation, wide distribution, and potential uptake by organisms. In this work,
we highlight the application of magnetically controlled, nanoparticles with different
functional groups for microplastics removal. By leveraging hydrophobic interac-
tions, surface modifications, and tailored additives, these magnetic nanoparticles
provide a sustainable, eco-friendly approach to mitigating microplastic pollution
and offer improved magnetic separation performance achieving removal efficiencies
often exceeding 90% in minutes, and maintaining the efficiency after several cycles.
The synergistic integration of magnetic separability with tailor-made surface func-
tionalities underpins the effectiveness of these magnetic nanoparticles, setting the
stage for their future commercialization and widespread adoption in water remedi-
ation technologies.
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Figure 1: Magnetic Nanoparticles for Microplastics Remediation

References

[1] Bricetio, S.; Arevalo-Fester, J. E.; Fierro-Sanchez, I. A. Sustainable magnetic nanorobots for microplastics
remediation. Microplastics 2025, 4, 97. DOI: 10.3390/microplastics4040097.

25



https://doi.org/10.3390/microplastics4040097

Acta Microscopica Vol.35, Supp.1, 2026
Abstract Book NSSY 2026 - Galapagos 17" -253% May 2026

Sustainable Conversion of Rice Husk into Functional Silica for
Advanced Nanostructured Materials

Pilicita-Carua Johanna', Darquea-Cérdova Francisco?, Jerves Alex X34 Albuja
Sanchez Jorge®S, Cordova G. Federico?, Ortiz Abril Daniela?, Chacon-Torres Julio C.!

! Yachay Tech University, School of Physical Science and Nanotechnology, Urcuqui, Ecuador
2 Universidad Catélica de Cuenca, Unidad Académica de Ingenieria, Industria y Construccion, Cuenca, Ecuador
3 Universidad Catdlica de Cuenca, Unidad Académica de Informdtica, Ciencias de la Computacion, e Innovacion
Tecnoldgica, Cuenca, Ecuador
4 Institute of Scientific Pioneering Research of Ecuador (INSPIRE), Quito, Ecuador
® Pontifical Catholic University of Ecuador, Faculty of Engineering, Laboratory of Materials Resistance, Soil
Mechanics, Pavements and Geotechnics, Quito, Ecuador
S Pontifical Catholic University of Ecuador, International Faculty of Innovation PUCE-Icam, Quito, Ecuador
jpilicita@yachaytech.edu.ec

Abstract

The increasing demand for sustainable materials has promoted the use of re-
newable resources as substitutes for conventional materials. In this context, agro-
industrial residues have gained attention for their potential to generate functional
materials with high added value [1]. Among these, rice husks (RH) is characterized
by its high availability and silica content, an ideal precursor for obtaining reac-
tive mineral additives [2]. This work presents the controlled thermal conversion
of RH for obtaining amorphous silica with high pozzolanic activity. This property
enhances the ability of cementitious compound materials to react with calcium hy-
droxide in the presence of water improving the mechanical performance of mortars
reducing the environmental footprint associated with traditional building materials.

Rice husk was thermally treated in air (Og) at temperatures between 200°C and
900°C in a constant heating rate of 10% for one hour. The thermal degradation
process and structural evolution of the material were analyzed using complemen-
tary characterization techniques. Thermogravimetric analysis (TGA) was used
to identify the main stages of decomposition, while infrared spectroscopy (FTIR)
demonstrated the elimination of organic functional groups and the appearance of
Si — O — Si bands characteristic of amorphous silica. X-ray diffraction (XRD) con-
firmed that the material obtained at 400°C showed a broad pattern centered around
22° (260) indicating the presence of an amorphous silica phase with high pozzolanic
reactivity. X-ray photoelectron spectroscopy (XPS) confirmed a substantial re-
duction from the organic surface carbon of the RH and an increased presence of
silica in samples treated at temperatures above 400°C. To corroborate the im-
proved mechanical performance in mortars, these were prepared substituting 4%
and 8% of cement with rice husk ash (RHA), following the ASTM C109 standard
for compressive strength testing at 7 and 28 days.

The results revealed that the removal of organic matter was completed at around
400°C, leading to high-purity amorphous silica with excellent pozzolanic character-
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istics. At this temperature, the transformation of the organic matrix into a reactive
amorphous phase was evidenced, while at higher temperatures crystallization was
promoted, reducing the chemical reactivity. In mechanical tests, mortar with 4%
RHA achieved strengths of 11.9 MPa at 7 days and 23.6 MPa at 28 days, while
the 8% mortar achieved 13.1 MPa at 7 days and 22.4 MPa at 28 days; all these
values were 0.8%, 6,8%, 11.0%, and 1.5% higher than those of the control mortar,
respectively. The increase in strength is attributed to the reaction between amor-
phous silica and Ca(OH), released during hydration, that promotes the formation
of additional hydrated calcium silicate C —S — H responsible for the structural
reinforcement of the material [3]. These findings confirm that pozzolanic RHA
improves early strength in mortars maintaining a long-term stability.

Overall, the controlled thermal treatment of rice husks in air atmosphere pro-
duces functional amorphous silica having advanced pozzolanic behavior, which is
suitable for the production of sustainable materials. The identification of 400°C
as the optimal activation temperature establishes an effective strategy for trans-
forming agricultural waste into reactive siliceous materials, reducing dependence on
non-renewable mineral resources and the CO, emissions associated with their pro-
duction. This approach connects advanced materials research with circular econ-
omy principles, providing an efficient and environmentally responsible alternative
for the valorization of agricultural residues in materials engineering.
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Figure 1: Schematic representation of the experimental procedure. Rice husk was exposed to controlled
thermal treatment using temperatures between 200°C and 900°C at O atmosphere to obtain rice husk
ash with different physicochemical characteristics. The material was then incorporated as a supplementary
component into mortar mixtures. Finally, compressive strength tests were implement according to ASTM
C109 to evaluate the mechanical performance of the mortar specimens.
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Figure 2: Characterization of rice husk ash treated at 400°C (RH400): (a) Thermogravimetric analysis
(TGA) identifying moisture, active, and passive zones as well as residual content; (b) Fourier-transform
infrared spectroscopy (FTIR) spectra showing the main functional groups; (c¢) X-ray diffraction (XRD)
pattern corresponding to the structural characteristics of the material; (d) X-ray photoelectron spectroscopy
(XPS) survey spectrum used to determine the elemental composition; and (e) Compressive strength test
performed according to ASTM C109 for mortar specimens prepared with RH400.
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Orthogonal Size and Number Concentration Calibration for
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Abstract

Accurate particle quantification requires robust instrument calibration. How-
ever, current calibration practices introduce significant and often underrecognized
uncertainty. This limitation directly impacts the characterization of advanced drug
formulations, including vaccines, extracellular vesicles, lipid nanoparticles (LNPs),
and other nanoscale drug delivery systems, for which particle concentration is a
Critical Quality Attribute (CQA). Nanoparticle tracking analysis (NTA) instru-
ments are commonly calibrated using latex particle standards, with number con-
centrations derived from nominal solids fractions (e.g., 1% w/v). This value is not
reported as carefully as, for example, particle size. This implies a rather large un-
certainty in the calibration standard which is propagated into NTA measurements.
In this study, size and number concentration standards are analyzed using orthog-
onal techniques and subsequently incorporated for NTA calibration. The use of
orthogonal techniques will significantly reduce concentration measurement uncer-
tainties. In this study, particle size and number concentration standards were in-
dependently characterized using orthogonal analytical techniques and subsequently
applied to NTA calibration. By reducing calibration-derived uncertainty, this ap-
proach improves quantification of biological nanoparticles, whose inherent hetero-
geneity already contributes substantial measurement variability, enabling clearer
distinction between true sample effects and analytical artifacts. 150 nm NIST
traceable polystyrene latex size standard (Thermo Fisher Catalog Number 3150A)
and 30 nm, 50 nm, and 100 nm diameter Ultra UniformTM Gold Nanospheres
Number Standards (nanoComposix) were obtained for this study. These standards
were analyzed in triplicates using the ViewSizer 3000 simultaneous multi-laser NTA
from HORIBA. Multiple lasers with individually adjusted laser power settings and
camera gains were carefully selected for each sample. Gold nanoparticle NTA size
results were verified using JEOL 1010 Transmission Electron Microscopy (TEM);
concentration (number standards only) were verified using Agilent 7800 single par-
ticle Inductively Coupled Plasma Mass Spectroscopy (sp-ICP-MS). To facilitate
comparison with other orthogonal techniques, the average of the median diameters
reported from each NTA measurement is used. Diameter distributions will be re-
ported separately. NTA size and concentration from four standards were obtained
and plotted as a direct comparison to TEM and sp-ICP-MS reporting. Percent
Coefficient of Variation (CoV %) was used to assess differences and the results of
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each technique were compared. NTA results after calibration by latex standards
were similar to NTA concentration measurement of gold nanoparticles. Orthogonal
techniques serve as independent confirmation to evaluate and qualify NTA’s abil-
ity to accurately size and count number standards as small as 30 nm in diameter,
thereby improving accuracy in characterizing (bio)pharmaceuticals particulates.
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Figure 2: 150 nm NIST traceable polystyrene latex size standard (Thermo Fisher Catalog Number 3150A)
and 30 nm, 50 nm, and 100 nm diameter Ultra UniformTM Gold Nanospheres Number Standards (nanoCom-
pOSix).
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Figure 3: Particle Size Distribution plotted against concentration (particles/mL).
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Engineering the structure and properties of 2D materials by
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Abstract

Following isolation of graphene, many other 2D systems, e.g., single sheets of
transition metal dichalcogenides (TMDs) or h-BN have been manufactured. All
these materials contain defects and impurities, which may govern their electronic,
optical, mechanical and catalytic properties. Moreover, defects can intentionally
be introduced using beams of energetic particles — ions and electrons, for example
for single photon emission required for quantum computing/communication. For-
mation of defects may also give rise to phase transformations in these materials
and/or tune their properties. All of these calls upon the studies on defects and
mechanisms of their formation under irradiation. In my talk, I will first discuss the
basics of defects in solids with a particular focus on 2D materials, then present the
results of our recent theoretical studies [1| of point and line defects (such as mirror
twin boundaries) in 2D TMDs obtained in close collaboration with several exper-
imental groups. I will also touch upon the production of defects in 2D materials
upon irradiation from both experimental and theoretical perspectives.
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Multiscale Diffusion in CNT Polymer Nanocomposites: Analytical
Modelling, Monte Carlo Simulation and Physics-Informed Neural
Networks
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Abstract

Diffusion in polymer nanocomposites reinforced with carbon nanotubes (CNTS)
arises from a multiscale relationship between particle geometry, agglomeration,
porosity formation, and polymer degradation. Classical analytical models approx-
imate simplified cases, whereas numerical simulations become expensive when mi-
crostructural variability increases. Physics Informed Neural Networks (PINNs)
enable the integration of physical laws and data into a unified framework for pre-
dicting diffusion be haviour. This work combines analytical diffusion theory, CNT
geometry—dependent effective diffusivity, Monte Carlo simulation, and PINNs to ex-
amine acid penetration into CNT polymer composites. CNT sphericity and hollow-
cylinder geometry are incorporated into a physical diffusion coefficient model. Monte
Carlo simulations provide anisotropic diffusivity values across variable CNT frac-
tions. A PINN is then used to approximate Fick’s second law, learning the diffusion
field while matching both analytical behavior and Monte Carlo trends. The results
show strong sensitivity of effective diffusivity to CNT geometry and aggregation.
The PINN replicates analytical solutions, enforces the PDE, and produces smooth,
physically consistent diffusion fields. The unified methodology provides an efficient
tool for understanding mass transport in CN'T-based composites and establishes a
foundation for future multiscale material modelling.
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Abstract

This work reports a novel bioelectrochemical strategy that integrates enhanced
hydrogen peroxide (H203) electrosynthesis with wastewater denitrification and bio-
electricity generation through surface-engineered graphite cathodes [1-3]. The
cathodes are modified by electrospinning nylon-6 nanofibers containing goethite
(a-FeO(OH)) nanoparticles onto graphite plates, followed by calcination to ob-
tain conductive carbon nanofiber layers doped with iron oxides. This modification
increases the electroactive surface area by approximately 50% and significantly im-
proves oxygen reduction reaction (ORR) kinetics, favoring the two-electron ORR
pathway and enabling efficient in situ HyO5 production under acidic conditions |2,
3.

Structural characterization by SEM-EDX confirms uniform adhesion of the nano-
fiber coating and homogeneous dispersion of iron oxide particles on the graphite
surface, with clear detection of C, O, and Fe [1|. Electrochemical characteriza-
tion using the ferri/ferrocyanide redox couple shows that nylon- and nanoparticle-
modified electrodes preserve reversible redox behavior while exhibiting higher peak
currents and smaller peak separations than bare graphite, indicating enhanced
electron-transfer kinetics. In Os-saturated Na,SO4 at pH 2, modified electrodes
display higher capacitive currents and positive shifts in the half-wave potentials
for both two- and four-electron ORR pathways, demonstrating improved catalytic
activity. Increasing the goethite loading (NP1, 1 ¢ L™!) further enhances capaci-
tance and shifts E;/, to more positive values, consistent with a higher density of
catalytically active iron sites promoting selective HoOo formation |[3].

H50, electrosynthesis is optimized in single-compartment electrochemical cells
by varying aeration rate and current density [2]. At an aeration rate of 6.0 L min~!
per liter of reactor, maximum H,Oy concentrations of 0.26, 0.44, and 0.68 mM are
achieved for bare graphite, nylon-modified, and NP1 cathodes, respectively. Higher
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aeration rates reduce performance due to shorter gas-liquid contact times. At a
current density of 0.25 mA cm~2, HyO, concentrations after 120 min reach 0.48 4
0.06 mM for graphite, 0.66 + 0.05 mM for nylon-modified, and 0.83 4+ 0.09 mM for
NP1 electrodes. Corresponding HyO, generation rates increase from 40 pmol h™1
(graphite) to 95 gymol h™! (nylon) and 192.5 umol h™! (NP1), representing up to
a 14-fold improvement over previously reported graphite-based bioelectrochemical
cathodes.

The optimized cathode architecture is subsequently integrated into H-type bio-
electrochemical systems (BES), including microbial fuel cells (MFCs) and micro-
bial electrolysis cells (MECs). The anodic chamber is inoculated with pre-adapted
denitrifying activated sludge and fed with synthetic wastewater containing 100 mg
N-NOs- L™ and approximately 250 mg L~! COD. In MFC operation, heterotrophic
anodic denitrification is coupled with cathodic ORR to HyO,. After biofilm mat-
uration, the MFC reaches maximum cell voltages of about 265 mV, corresponding
to power and current densities of 4.39 £ 0.07 mW m~2 and 16.56 £ 0.16 mA
m~2. Although energy recovery is moderate, nitrate removal is highly efficient,
achieving complete nitrate removal within 8 h, outperforming both a heterotrophic
denitrification control and the MEC, which reach approximately 75% removal in
the same period. After 24 h, both MFC and MEC systems accomplish complete
nitrate removal and about 95% COD abatement, indicating strong synergy between
bioelectrogenesis and denitrification [2].

Because the relatively low COD load limits cathodic H,O5 accumulation in MFC
mode, the system is switched to MEC operation by applying an external current of
0.004 A (0.25 mA cm™2). In abiotic electrochemical controls, the NP1 cathode pro-
duces up to 1.83 mM H,0O, after 8 h. In the MEC, initial cycles show lower HyOq
accumulation; however, as the anodic biofilm matures, HyO, production increases
markedly, reaching 2.74 mM (93.16 + 2.8 mg L™!) after 8 h from the third cycle
onward. This corresponds to a volumetric production rate of 0.14 kg m~2 d~!, with
Faradaic efficiencies exceeding 98% |1, 2]. Notably, the achieved HoO5 concentra-
tions exceed by 2-18 times those typically required for COD removal, disinfection,
and degradation of emerging contaminants [3].

Overall, this study demonstrates that iron-oxide-doped, nylon-derived carbon
nanofibers effectively convert low-cost graphite into a highly selective 2e7-ORR
cathode. The resulting bioelectrochemical platform enables simultaneous HyO4 pro-
duction, bioelectricity generation, and efficient denitrification, offering a promising
approach for decentralized and sustainable wastewater treatment, although long-
term stability and scale-up require further investigation |2, 3].
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Figure 1: Bioelectrochemical system using nylon nanofibers with iron oxide nanoparticles produced via
electrospinning
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Abstract

Since its first isolation, graphene has remained at the forefront of materials re-
search owing to its remarkable electronic, mechanical, and optical properties.|1]
These unique characteristics hold the potential to revolutionize material applica-
tions similar to how polymers did in the past. However, its practical implementa-
tion is hindered by poor processability, arising from insolubility, and by the absence
of an intrinsic bandgap, which limits its use in electronic devices such as transis-
tors. To overcome these limitations, structural modification strategies have been
explored, with chemical functionalization emerging as particularly promising. Co-
valent grafting of functional groups onto graphene can enhance its dispersibility
and induce a tunable bandgap, thereby tailoring its properties for specific appli-
cations.|2| Yet, the high chemical inertness of graphene renders covalent modifi-
cation challenging. Although various reactions on the carbon lattice have been
reported, functionalization yields are typically low, and efficient modification often
requires harsh conditions, such as plasma treatment, electrochemical activation,
or the use of strong reducing agents, which demand specialized equipment and
expertise.[3] Consequently, accessible and efficient routes for the covalent modifi-
cation of substrate-supported graphene remain scarce. Here, we present facile and
scalable approaches for the light-induced covalent functionalization of graphene
employing non-toxic and readily available iodonium salts as active reagents. Upon
photoexcitation of graphene, the planar carbon lattice reacts efficiently with these
reagents, affording high functionalization yields under mild reaction conditions.
Furthermore, spatially controlled modification with micrometer-scale resolution is
achieved, enabling the integration of pristine and functionalized regions within a
single sample. This method offers a versatile and accessible platform for tailoring
graphene’s properties towards future applications.
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Figure 1: Schematic representation of the laser writing procedure for the spatially resolved covalent function-
alization of graphene
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Abstract

The interaction of matter with light, i.e., optical absorption, is of fundamental,
experimental, and technological importance, with implications for the characteriza-
tion of nanomaterials and their design for photovoltaic applications. However, the
variety of theoretical methodologies now available for calculating optical absorbance
at various levels of theory and computational efficiency, complicate the process
of optical absorption simulation. In this work we provide a detailed first princi-
ples analysis and comparison of methodologies for calculating optical absorbance
using exact theoretical methods, numerical methods based on time propagation,
linear response, the Bethe-Salpeter equation, and non-equilibrium Green’s func-
tion (NEGF) methods. We pay special attention to differences in efficiency and
included /neglected contributions to the optical absorbance for each method, as ap-
plied to either a two-level system or the full matrix elements obtained from density
functional theory (DFT). In this way we provide a roadmap for modelling the op-
tical absorbance of nanomaterials via a set of benchmarks comparing the various
levels of theory, their ranges of validity, relative efficiencies, and overall applicabil-
ity. This work should prove of fundamental interest for both the measurement and
modelling of optical absorbance of nanomaterials.
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Figure 1: Schematic of the optical absorption process showing the incident photon of energy 7w (blue arrow)
and the excitation from an occupied level of energy £ to an unoccupied level of energy € + hiw via the matrix
element (1p¢|A-plrp;) (black arrows and white box) within the interface between the donor and acceptor (grey
box).
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Abstract

The concept of geometric phase arose in optics to compare two plane waves
by distinguishing their locations on the Poincaré sphere. This concept is useful
to compare the plane wave transmitted through a thin film to the incident plane
wave. Theoretical calculations indicate that transmission-mode geometric phase
(TMGP) is sensitive to the nanoscale architecture of the thin film [1] and there is
preliminary experimental evidence too [2].

Therefore, we undertook to comprehensively study the effect of nanoscale archi-
tecture on the TMGP characteristics of sculptured thin films (STFs). An STF is an
assembly of identical shaped nanowires grown on a planar substrate using physical
vapor deposition [3].

We fabricated two types of STFs: non-chevronic periodic columnar-thin-film
bilayers (NC-PCTFBs) and structurally right-handed chiral sculptured thin films
(CSTFs). STFs of both morphologies were deposited of ZnSe in a custom-built ther-
mal evaporation system. A NC-PCTFB consists of alternating layers of obliquely
deposited nanocolumns with different tilt angles. The nanocolumns of the first
CTF in the unit cell are tilted at an angle y; with respect to a fixed axis in the
substrate plane, whereas the nanocolumns of the second CTF in the unit cell are
tilted at 180° — x2 relative to the same axis, the angles x; and ys being less than
90°. The CSTFs were fabricated using the serial-bideposition technique, in which
deposition was carried out at a vapor incidence angle x,,, which is the angle between
the collimated vapor flux and the substrate plane, for a specified time, followed by
a clockwise rotation of the substrate holder by 180° about the substrate normal, a
second deposition for the same duration, and a subsequent clockwise rotation by
183°; this sequence was repeated to fabricate an assembly of nanohelixes with a
fixed pitch. Both STFs were sufficiently thick to exhibit pronounced Bragg phe-
nomenon within the 500-900 nm spectral regime.

Field-emission scanning electron microscopy (FE-SEM) was used to examine the
morphology of both STFs, and their SEM images are presented in Fig. 1.

Optical characterization was performed using a custom-built, automated, mo-
torized polarization-resolved system, which can perform both spectroscopy and po-
larimetry. Spectroscopy was used to measure linear transmittances of NC-PCTFBs
and circular transmittances for CSTFs, which allowed the determination of the
Bragg regimes. The incident light of a chosen polarization state was incident on a
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thin-film sample at an azimuthal angle 6,,. varying from 0° to 70° and polar angle ¢
varying from 0° to 180°, with the wavelength varying within the 500-900 nm range.
Polarimetry was carried out using the rotating quarter-wave plate method, with
intensities measured for four incident plane-wave polarization states: s-polarized,
p-polarized, right-circularly polarized, and left-circularly polarized. The Stokes
parameters were then calculated to determine the asymmetric and the symmetric
geometric phases of the transmitted plane wave relative to the incident plane wave
for both types of STFs. Measurements were conducted over the same angular and
wavelength ranges as for spectroscopy.

Analyzing the spectral and directional data, we confirmed that nanoscale archi-
tecture directly affects the symmetric and the asymmetric TMGP characteristics.
In particular, the Bragg phenomenon has identifiable TMGP characteristics that
depend on the polarization state of the incident plane wave. We expect these
findings will guide the designs of optical devices containing STFs.
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Figure 1: FE-SEM images of (left) a NC-PCTFB and (right) a structurally right-handed CSTF.
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Abstract

Microplastics (MPs), defined as plastic particles smaller than 5 mm, have be-
come ubiquitous contaminants in aquatic environments, including groundwater and
drinking water, and have been detected in biota, including humans. Their small
size and chemical composition render them particularly hazardous, as they can act
as vectors for viruses and bacteria, facilitate the transport of organic and inorganic
pollutants, and enter the food chain through ingestion by smaller organisms. Ow-
ing to their persistence and resistance to natural degradation, the removal of MPs
from water systems remains a significant environmental challenge.

Conventional approaches for MPs removal, such as adsorption, coagulation-
flocculation, flotation, filtration, and magnetic separation, primarily focus on phase
separation rather than complete degradation of the particles [1]. Consequently,
there is a growing interest in advanced oxidation and photoelectrochemical (PEC)
strategies capable of achieving mineralization of MPs.

In this study, we report the PEC degradation of high-density polyethylene (HDPE)
microplastics using a boron-doped diamond/bismuth vanadate (BDD/BiVOy,, de-
noted as B/BVO) photoanode. Additionally, a dual-function system is proposed,
coupling MPs degradation with hydrogen production using a boron-doped dia-
mond /bismuth copper oxide (BDD/BiyCuQy, denoted as B/BCO) photocathode.

The B/BVO photoanode was fabricated via a drop-casting method followed by
thermal treatment. A precursor solution containing Bi(NO3)3-5H,O, NH, VO3, and
citric acid was deposited onto the BDD substrate and dried at 100 °C for 10 min.
The electrode was subsequently annealed at 450°C (heating rate of 3°C min~') for
2 h. This deposition-annealing cycle was repeated multiple times to obtain the
desired film thickness and optimize the photoelectrode performance [2].

The B/BCO photocathode was prepared using a precursor solution of Bi(NO3)3-5H,0
and Cu(NO3)2-9H,0 dissolved in ethylene glycol, followed by annealing at 500°C for
2 h. Linear sweep voltammetry (LSV) measurements under chopped illumination
confirmed the semiconductor behavior of both electrodes. The B/BVO photoanode
exhibited typical n-type characteristics, with increased photocurrent under anodic
bias, whereas the B/BCO photocathode displayed p-type behavior, with enhanced
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response under cathodic potentials. In both systems, a significant shift in the onset
potential was observed under illumination (Fig. 1a, d).

The photoelectrochemical performance showed photocurrent densities of approx-
imately 30 uA cm ™2 for B/BVO and -40 pA cm ™2 for B/BCO (Fig. 1b, e), indicating
efficient charge carrier generation and separation. Electrochemical impedance spec-
troscopy (EIS) analysis further revealed that BDD /BiVO, under visible LED irradi-
ation exhibited the smallest semicircle diameter, corresponding to reduced charge
transfer resistance at the electrode-electrolyte interface (Fig. 1c). The degrada-
tion of microplastics was investigated in the presence of three different surfactants.
Chemical oxygen demand (COD) analysis demonstrated that surfactants play a
critical role in enhancing degradation efficiency. In particular, sodium lauryl sul-
fate significantly improved MP degradation in the PEC system, achieving COD
values of up to 80 mg O, L1 after 8 h of treatment, representing an improvement
of approximately 20 mg O, L™! compared to the bare electrode (Fig. 1f). These
findings highlight the potential of BDD-based photoelectrochemical systems as an
effective and sustainable approach for the degradation of persistent microplastic
pollutants, while simultaneously enabling hydrogen production as a value-added
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Figure 1: Results of lineal sweep voltammetry under chopped light of a) BiVO,/BDD and d) BDD/BiyCuQy.
b) Transient photocurrent vs. layers plot and ¢) EIS of BDD/BiVOy,. e) Transient photocurrent of BDD/
BiysCuQy4 photocathode. f) Chemical oxygen demand of HDPE MPs degradation.
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Abstract

Laser-induced graphene (LIG) has emerged as a versatile and sustainable ap-
proach to fabricating porous, conductive graphitic structures from carbon-rich pre-
cursors. In this study, Fuerte avocado seed waste (Persea americana Mill.) was
investigated as an unconventional biomass precursor for the green synthesis of LIG
using CO, laser irradiation. [1] The avocado seed powder was processed into com-
pact pellets and irradiated under systematically optimized synthesis parameters,
including laser power, scan speed, irradiation area, number of laser passes, and
processing atmosphere. Optimizing these variables is essential because laser en-
ergy strongly influences the thermal reorganization and graphitization processes
within the precursor during irradiation. [2| In addition, the chemical composition
and particle size of the precursor were found to play a crucial role in promoting
graphitic conversion. Unlike many reported approaches, the optimized synthesis
conditions enabled the successful formation of LIG without flame-retardant addi-
tives. Five samples were fabricated and irradiated over a rectangular area of 10 x 5
mm? to control a total irradiation area of 50 mm?2. Raman spectroscopy revealed a
high degree of graphitization with a low defect density, reflected by an Ip /I ratio
of 0.16 + 0.07. Scanning electron microscopy confirmed the characteristic porous
morphology of LIG, while electrical measurements showed a sheet resistance of
25.31 4+ 1.09 Qsq~'. [3] These findings demonstrate that avocado seed biomass is
a viable, low-cost, and sustainable precursor for fabricating LIG without flame re-
tardants, highlighting the importance of optimizing synthesis parameters to tailor
the structural and electrical properties of sustainable graphene-based materials.
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Figure 1: Influence of irradiation area and particle Figure 2: LIG was synthesized with a laser power of
size on LIG structure. (a) Raman spectra of samples 11 %, at 50 mm ~! with a defocus distance of 9 mm.
synthesized using T-80, T-140, and T-270 powders at (a) Ramana spectrum of a representative sample of
irradiation areas of 9, 4, and 1 mm?. (b) Evolution of the LIG synthesis. (b) SEM images (1000x) of the
Raman intensity ratio IDIG. (c) Fitting the Raman irradiated regions showing surface morphology.
spectrum corresponding to samples with an irradia-
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Abstract

Electrochemical energy storage devices are fundamental components in the tran-
sition to more sustainable energy systems. Growing energy demand has driven the
search for more efficient, economical, and environmentally friendly storage systems.
This has led to the need to develop devices based on electrodes with high charge
storage capacity due to their potential for applications that require high power
density, fast charge-discharge times, and long service life [1|. In this context, hy-
brid materials that combine inorganic and carbonaceous compounds represent a
promising alternative due to the synergistic effects between both phases [2].

This work proposes the development of ZnO/C hybrid composites to be tested as
electrode materials in energy storage devices. The materials were synthesized using
a simple and economical method based on the carbonization of carboxymethylcel-
lulose (CMC) films doped with zinc chloride in a 2:1 mass ratio. The atmospheres
(air and argon) and temperatures of 400 °C, 500 °C, and 600 °C were varied during
carbonization. Characterization was performed using TGA, XRD, Raman, FTIR,
UV-Vis, Ny adsorption-desorption, XPS, SEM, and TEM. Electrochemical char-
acterizations were performed using cyclic voltammetry, electrochemical impedance
spectroscopy, and galvanostatic charge/discharge tests to evaluate their potential
as electrode materials. A custom-built symmetric supercapacitor prototype was
fabricated, enabling reproducible device-level testing (Figure 1).

The results show that combining the pseudocapacitance of ZnO with the elec-
trical conductivity and porosity of the carbon matrix results in materials with
improved electrochemical properties for the desired application. Regarding TEM
micrographs, in the sample treated Ar 600, they reveal well-defined, mostly quasi-
spherical particles with sizes ranging from 24 to 63 nm (Figure 2a). This hier-
archical architecture explains the greater accessibility, providing a larger specific
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surface area. In contrast, the sample calcined in air (Air _600) exhibits significantly
larger particles, with sizes up to 132 nm, and a more amorphous and agglomerated
morphology (Figure 2b). The materials exhibited combined pseudocapacitive and
electric double layer capacitance (EDLC) behavior. This demonstrated the synergy
between ZnO (redox active sites) and carbon (conductivity and surface area). An
improvement in specific capacitance and cyclic stability was achieved, obtaining
a maximum capacitance of 47.8 F/g at 0.25 A/g, demonstrating its applicabil-
ity as electrodes for supercapacitors (Figure 3). Overall, the results indicate that
higher carbonization temperatures improve the crystallinity of ZnO and enhance
the graphitization of the carbon matrix, with the Ar 600 composite exhibiting
superior electrochemical performance.

Figure 1: (a) 3D Design and Prototype of Superca- Figure 2: Transmission electron micrographs of
pacitor Holder, (b) Assembled prototype. ZnO/C composites synthesized at 600 °C under (a)
argon and (b) air.
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Figure 3: (a) Specific capacitance versus specific current of Ar_ 600 and Air 600 prototypes. (b) GCD curves

taken at 0.25 A /g of the symmetrical supercapacitor prototype with samples synthesized in air and argon at
600 °C.
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Abstract

Precision chemistry is the basis for emerging materials with unprecedented phys-
ical phenomena. Precision materials combine local atomic precision with long-range
order. Precision synthesis can link well-defined molecular building blocks to form
long-range crystalline structures. This approach offers to combine the plethora of
molecular functionality with the intrinsic properties of all mathematically possi-
ble lattices. Specially designed precision materials offer a variety of physical and
chemical properties, such as topological features of the band structure (Dirac points,
topologically flat bands, topological insulators), rich exciton physics, tunable elec-
tronic and optoelectronic properties, magnetic order, and highly selective catalytic
and photocatalytic properties. 1 will illustrate the raise of precision materials on
a range of examples. They will include carbon nanoribbons, where there the edge
decoration determines if they are topologically trivial or not [1]. In twisted tran-
sition metal dichalcogenide bilayers we show the emergence of superlattices that
determine the band structure near the fermi level [2]. In the emerging class of
two-dimensional organic crystals 3] we demonstrate metallic behaviour, [4] highly
tunable photocatalytic properties [5] and metal-free magnetism [6]. Finally, I will
show how the activity of isolated Cu(I) sites in metal-organic frameworks can be
boosted to become selective for the separation of helium isotopes [7].
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Abstract

In this talk, I will present a mathematical framework we developed to describe
the topology of sp? 2D carbon allotropes: lattices where each carbon atom is linked
to exactly three neighbors in the network. Such systems have been proposed and
studied since mid 1990s, when extended distribution of defects over graphene were
considered to hypothesize a lattice exclusively made of pentagons and heptagons.
The underlying idea is to insert so many defects over the honeycomb lattice in a
way that it makes more sense to talk about a completely new system (or allotrope)
instead of referring to it as a defective graphene sheet. On one hand, countless
non-graphitic 2D nanocarbons have been theoretically proposed over the last three
decades. On the other hand, the relatively recent synthesis of 2D biphenylene has
further boosted this field [1], so that, today, creating a detailed, duplicate-free list
is a hard task. If a researcher comes up with a new proposal, there is no simple way
to check if that system has been studied before. In this regard, systematic naming
schemes have been proposed in a trial to facilitate their tracking [2].

In this context, well-defined mathematical methods to identify these lattices are
welcomed. Graph theory is a natural framework to describe and classify these
lattices through their topologies. A graph is simply a set of vertices connected by
edges, analogous to an atomic structure that is composed of atoms linked to each
other by chemical bonds. However, basic tools (like adjacency matrices) fail to
give a precise identification structure-by-structure, since systems with a completely
different set of rings can feature the same connectivity. In this work, we propose
describing 2D nanocarbon allotropes by means of an entity we call the embedding
tensor [3]. Instead of enumerating just the atoms (or vertices), we also enumerate
bonds (or edges) and rings (or faces). Then, a cuboid data structure with binary
entries indicates when a given face, edge, and vertex set of elements meet each other
in the structure (1) or not (0). The non-zero elements of this tensor define objects
called flags, that hold neighboring relations to each other, and define another graph:
a flag graph. Such a graph carries the whole symmetry information of the lattice,
allowing us to determine whether two structures correspond to the same topology
or not, and to identify the system’s symmetry group. An interesting point here is
that these symmetry searches are done in the space of integer numbers, instead of
working with explicit coordinates that demand real-valued tolerances.

The embedding tensor, and the resulting flag graph, can also be used as a tool to
systematize and optimize the search for new such lattices by an add-dimer algorithm
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[2, 3]. The basic idea is to create the generation of 2D sp? carbon systems with N+1
rings per primitive unit cell from the set of structures with N rings per primitive
cell. This is done by adding dimers in the N-face parent structures. A dimmer is
added by including atoms in the middle of two edges from a given face of a parent
structure. These two atoms are linked by a new edge (bond) that cuts that face
in two (creating an N + 1-face lattice). This process is significantly empowered by
the tensor approach, as it allows for an easy inclusion of the new dimer in the flag
graph, and for a fast comparison of a new candidate system against the previous
growing database. Symmetry is also trivially inserted in the algorithm to avoid
testing many duplicates. While this algorithm systematically gives a complete list
of all possible lattices for small (N < 10) systems, larger systems can be further
generated with more specialized procedures.

°
o
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°

Figure 1: Expanding from the simple adjacency matrix to the embedding tensor/flag graph approach, we
develop tools for tasks like symmetry identification and structure/coordinates generation.
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Abstract

Graphene, as a 2D material, is formed by a one-atom-thick planar sheet of
arranged sp? hybridised carbon atoms packed in a honeycomb-like lattice. The
synthesis of these materials, like graphene, necessarily produces defects, e.g., point
defects like vacancies, dislocations and functionalised groups. These defects impact
the topology and distort the elementary lattice, affecting the physicochemical prop-
erties. Some defects, like adjacent pairs of pentagonal and heptagonal rings, may
arise by rotating a single pair of carbon atoms 90° (Stone-Wales (SW) defect)[1].
Besides, the carbon vacancies in the graphene structure can cause the migration of
adjacent atoms forming five and eight-membered rings, for example. The presence
of these defect sites can diminish or enhance the adsorption ability and catalytic
properties of these carbon materials.

The present study aims to elucidate how the presence of the defects mentioned
above, found in graphene mesosponge material (GMS)|2], can affect the interactions
and adsorption behaviour of CO, and NH3 molecules, as well as the electronic
structure of GMS material through computational modelling[3].

The Density Functional Theory (DFT) method was applied to examine the three
structural models: pristine graphene (G) and two models of modified graphene:
model with SW defects (5,7-membered rings) - MG7 and model with 5, 8-membered
rings — MG8 (Fig. 1) to study adsorption of COy and NHj3 molecules in different
orientations to the surface of respective models. Since the weak interactions act
in the structures, the D3 scheme for corrections of dispersion interactions was also
applied. For example, a detailed electronic structure analysis of all the proposed
models was done by calculating partial charges and bond orders. The interactions
acting in the structure were analysed in detail. Adsorption energies as a measure of
the structural stability of hybrid systems, adsorbed molecule - graphene/modified
graphene, were calculated as the difference between the sum of the total energies
of products and the sum of the total energies of reactants.

Topological defects in graphene, such as SW rearrangements and non-hexagonal
ring formations, reshaped its electronic landscape and unlocked new adsorption
pathways. The findings demonstrated that defect-induced distortions and localised
electron density variations created active sites that intensified molecular interac-
tions. Specifically, the model with 5- and 8-membered ring defects (MG8) exhibited
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the strongest interactions for both CO, and NHj3. The MGS8 obtained the lowest
adsorption energy —15.85 kJ mol~! for the CO, and —14.78 kJ mol~! for the NH3
molecule, compared with the rest of the models (MG8 > MG7 > G). Further, the
mutual parallel orientation of the CO5 molecule is favoured in comparison with the
perpendicular arrangement.

The interplay between defect geometry and molecular orientation predetermined
the adsorption strength. Defective graphene models with 5, 7- and/or 5, 8- mem-
bered rings showed enhanced adsorption energies compared to pristine graphene.
These results underscore the potential of focused tailoring of graphene’s defects for
enhanced gas storage, sensing, and catalysis applications. They open new avenues
for designing more efficient graphene-based materials with customisable adsorption
properties.

G MG7 MG8

Figure 1: Structural models of pristine graphene (G), modified graphene with the 5,7-membered rings (MG7)
and with the 5,8-membered rings (MGS8) as defects.
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Abstract

This talk will focus on the density functional theory study of highly-doped
V-WS,. 2D materials have been studied for decades [1] due to their strong potential
for energy storage and applications in electrocatalysis, electrochemistry, and opto-
electronics. Transition metal dichalcogenides (TMDs) offer tunable properties for
energy applications through nanoengineering strategies, including doping, strain,
and heterostructure formation [2]. Within this family, Tungsten dichalcogenides
(particularly WS,) are of particular interest because their structural phase stabil-
ity and vibrational response can be strongly modified by defects and dopants. In the
present work, we combine experimental microscopy and Raman spectroscopy with
Density Functional Theory (DFT) calculations, focusing on the VS,—WS, alloy, in
which a 2H-WS, host lattice stabilizes the metastable 2H-VS, at high V content.
Raman spectroscopy serves as a non-destructive, symmetry-selective, and sensitive
technique for phase, defects, and composition [3|. Experimentally, increasing V
concentration activates 2H-VS,-related peaks at 212, 365, 386, and 451 cm~! and
produces pronounced redshifts relative to pristine WS2, with measurable changes in
phonon frequencies. The triangle, armchair, and zigzag dimers are the predominant
defect clusters present in the structure. Finally, the phonon analysis suggests that
V doping can introduce more localized vibrations, indicating that dopant ordering
controls the Raman-active response. Different cluster geometries (single, triangle,
armchair /zigzag dimers) redistribute the localized-state signals across distinct fre-
quency ranges, providing geometry-dependent vibrational fingerprints. Together,
this framework provides experimentally testable vibrational fingerprints for track-
ing 2H-V'S, stabilization inside V-WS, to support the design of phase-tuned TMD
alloys for energy applications [4].
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Figure 1: Unfolded phonon band structures for dif-
ferent V defect configurations in WSs: Single, Trian-
gle, Armchair, and Zigzag. The color intensity repre-
sents the spectral weight, while the purple lines show
the reference phonon branches. Although the dif-
ferent dopant arrangements preserve similar overall
features, they induce subtle differences in broaden-
ing, spectral-weight redistribution, and vibrational
mode localization.
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Figure 3: Experimental Raman spectra of pristine,
low-doped, medium-doped, high-doped, and alloyed
V-WSs, shown together with the calculated phonon
frequencies of 17- and 2H-VS,. With increasing

vanadium concentration, the Fs, and A;, modes
progressively soften, and in the alloyed sample their
positions approach the characteristic Raman-active
modes reported for 2H-VS;. The comparison sup-
ports the presence of 2H-VSs-like local environments
embedded in V-WSs,, consistent with the Raman
modes reported by Zhuang et al. [2].

Acta Microscopica Vol.35, Supp.1, 2026

Abstract Book NSSY 2026 - Galapagos 17" -253% May 2026

TYTYY YTy
16866 8864
YYYYY Y Yy
YYYYY oYy ey
YYYYY v ey
c) d)
YYYY'Y YYYYY .
L A YYYYy
Laaaas v ey M v
'S8 S: o w2 v
L 0888 TYIYTYYN 9 0y wesz  m v
8888 &t ooty Y 9 nse %eow M ¥

v
25 12779 we2m B vES

Figure 2: Defect geometries and symmetry assign-
ment of representative vibrational modes in V-doped
WS,: (a) single substitution, (b) triangular cluster,
(c¢) armchair dimer, and (d) zigzag dimer. The ta-
bles summarize the mode index, frequency (in THz
and cm™1), irreducible representation, and Raman
activity for each case. Pink shading marks modes
with frequencies in close agreement with experimen-
tally reported Raman peaks
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Figure 4: Experimental identification of dopant ar-
rangements in the anisotropic direction. The left
panel illustrates the nearest-neighbor construction
used to define local coordination around each de-
tected dopant site. The middle panel shows the
spatial distribution of dopants, with markers color-
coded by the number of nearest neighbors. The right
panel summarizes the main types of local configu-
rations observed experimentally, labeled as (1)—(5).
The counts extracted from the image show that iso-
lated defects (0 nearest neighbors) dominate, fol-
lowed by a smaller population of dimers and higher-
order local groupings.
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Abstract

Various photonic phenomena rely on precise positioning of photon sources in
close configurations with nanometer precision. DNA nanotechnology offers a solu-
tion for this, taking advantage of the programmable nature of DNA spatial configu-
ration. Moreover, it offers an opportunity to assemble additional light-modulating
elements, like plasmonic nanoparticles, opening new exciting avenues to improve our
fundamental understanding of plasmonic interactions. Here, we present a highly
adaptable and easy-to-use platform that harnesses DNA nanotechnology to pre-
cisely position nanodiamonds containing fluorescent nitrogen-vacancy (NV) cen-
ters and plasmonic nanoparticles to investigate the modulations in the position of
light emitted by an NV center using superresolution microscopy. NV centers are
particularly well-suited for this investigation due to their broad absorption and
emission spectra, large Stokes shift, and resistance to photobleaching. To demon-
strate the capabilities of our platform, we conducted several case studies in which
we varied the distance between nanodiamond and gold nanoparticles, the number
of assembled nanoparticles, and the controlled orientation of assembly of asymmet-
ric nanostructures such as gold nanorods. By doing so, we were able to engineer
the position of the plasmon resonance that suits preferred applications and needs.
We evaluate the plasmonic enhancement mechanism of coupled NV centers and
the shifts in their projected position based on the assembly design. Additionally,
by demonstrating controlled positioning of diamond nanoparticles containing NV
centers, we open routes to use DNA-mediated assembly to improve magnetometry
and other applications in the field of quantum optics where NV centers in diamond
play a prominent role.
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Abstract

Recently, models with out-of-equilibrium orbital angular momentum in low-
dimensional systems have attracted considerable attention because they do not rely
on magnetic or spin-orbit coupling. Building on previous models that exhibit intrin-
sic inversion asymmetry, we introduce a minimal model based on multiple-orbital
Hamiltonians in which orbital angular momentum textures and currents arise in-
trinsically from the helical/chiral structure. Such textures and currents arise from
a non-equilibrium that biases their materialization in the Edelstein scenario. We
then compare the pure spin-Edelstein transport with the orbital to spin-coupled
transport to argue that the latter is a stronger candidate for non-equilibrium spin
injection into the contacts.

X

Figure 1: Orbital angular momentum texture for the simplified model where only t., couplings are present.
The only texture present is due to the tangential component. There is no spin-orbit coupling contemplated,
only coherences produced by the overlaps enabled by the chiral structure without inversion symmetry.
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Abstract

Spin-photon interfaces are crucial for the development of large quantum net-
works which rely on the generation and distribution of entanglement between their
nodes [1]. A highly efficient spin-photon interface can be achieved when diamond
color centers are embedded in photonic crystal cavities, which enhance the light-
matter interaction in the system and boost the emission rate of photons generated
by the coherent zero-phonon-line transition [2]. The diamond substrate allows for
the nanofabrication of such devices, as it has been demonstrated by our group
before with the fabrication of the so known Sawfish cavity. Still, achieving a mono-
lithic platform that takes advantage of those photonic crystal cavities and that is
able to manipulate the emitted photons on a large scale remains a challenge. To
overcome these limitations, we propose the hetero-integration of diamond nanos-
tructures into AlGaN-based photonic integrated circuits (PICs). AlGaN/AIN PICs
offer a wide transparency window, strong nonlinear and electro-optic properties,
and wafer-scale compatibility features that can be exploited to realize low-loss,
reconfigurable photonic circuits. For the realization of the hetero-integrated sam-
ples, we design a low-loss coupling section between diamond and AlGaN waveg-
uides using finite-element numerical simulations, optimize the fabrication process
of AlGaN-based photonic integrated circuits, and hetero-integrate diamond nanos-
tructures via pick-and-place and transfer-printing approaches. Figure la shows a
schematic of the hetero-integration approach. Finally, we optically characterize the
integrated nanostructures. Initial simulations and experimental realizations of the
hetero-integrated structures demonstrated the feasibility of the approach with a
maximum achieved 57% coupling efficiency [3]. However, for complex quantum ap-
plications and therefore complex devices this is not enough. One critical parameter
that limits the coupling efficiency is the waveguide sidewall angles which currently
is of 75°. In our simulations we have optimize the design for several side wall angles
and predict coupling efficiencies of up to 97% for sidewall angles of 90°. To validate
our simulated design, diamond waveguides and sawfish cavities, both as individual
devices and arranged in chiplets, were fabricated using electron-beam lithography
and dry etching, followed by a quasi-isotropic etch to suspend the structures for
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transfer. Interrupted AlGaN racetrack resonators were fabricated to enable the
placement of diamond waveguides, together with optimization of the fabrication
recipe to reduce sidewall angles and enhance coupling efficiency. Optimization of
the AlGaN dry etching process improved waveguide sidewall angles from 75° to
82°, and with an additional wet etching step, near-vertical sidewalls were achieved.
This optimization will allow us to test higher coupling efficiency designs. Initial
placement was performed using a tungsten tip; however, a more scalable integra-
tion method based on PDMS transfer-printing stamps was developed by fabricating
custom silicon molds for individual PDMS stamps. Figure 1b shows a fabricated
diamond chiplet integrated onto the 82° AlGaN platform, demonstrating the feasi-
bility of our hetero-integration approach. Further placement experiments and op-
tical characterization of the coupling sections are ongoing. Still supported by our
simulations, we expect high coupling efficiencies. This low-loss hetero-integration
strategy represents an important step toward scalable photonic circuits for large-
scale quantum networks.

VAR JS
a)( s.nxk' ) . Diamond
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Pick and place ‘Transfer printing

Tungst% 3 PDMS
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coupling
section

M AIGaN " AINH Diamond

Figure 1: a) Scheme of the hetero-integration process b) SEM image of a diamond waveguide chiplet integrated
in an AlGaN/AIN platform.
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Abstract

Nanostructured III-V semiconductor nanowires (NWs) have emerged as a promis-
ing platform for next-generation photovoltaic devices, particularly for tandem solar
cells designed to surpass the Shockley-Queisser efficiency limit of single-junction
silicon [1]. Their quasi-one-dimensional geometry enables efficient strain relaxation,
bandgap engineering through axial and radial heterostructuring, and the integration
of multiple subcells with complementary absorption spectra on silicon-compatible
substrates [2]. However, achieving high-efficiency NW tandem photovoltaics crit-
ically depends on understanding and controlling lattice dynamics, which govern
carrier scattering and thermalization, and the electronic quality of axial junctions,
which determine recombination, series resistance, and tunneling efficiency [3]. Ex-
perimentally resolving these effects remains challenging, as the relevant physics
spans both reciprocal space (phonon dispersion and lifetimes) and real space (mor-
phology and local carrier density) at length scales well below the optical diffraction
limit.

Here, we present a multiscale characterization framework that combines grazing-
incidence inelastic x-ray scattering (GI-IXS), ab initio lattice-dynamical modelling,
and tip-enhanced Raman spectroscopy (TERS) to probe vibrational and electronic
properties in InP-based NW systems relevant to photovoltaic applications. While
the two case studies address different crystal phases and heterostructure config-
urations, together they demonstrate how advanced characterization tools can be
deployed synergistically to resolve nanoscale structure-property relationships that
directly impact device performance.
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In the first case study, we employ GI-IXS to experimentally resolve phonon
dispersion relations in the wurtzite (WZ) phase of InP NWs, a crystal struc-
ture stabilized only at the nanoscale. A grazing-incidence geometry combined
with high-resolution monochromation (Figure la) enables selective sensitivity to
NW vibrational excitations while minimizing substrate contributions. Ab initio
phonon dispersion relations calculated using density-functional perturbation the-
ory (Figure 1b) provide a quantitative framework for interpreting the experimen-
tal data. Representative GI-IXS spectra acquired at selected momentum trans-
fers along the I'-M direction (Figure 1c—d) resolve multiple low-energy vibrational
modes. By combining these spectra across reciprocal space, we extract the ex-
perimental phonon dispersion of WZ InP nanowires (Figure le). The measured
dispersion shows excellent agreement with theoretical predictions, providing the
first experimental validation of lattice-dynamical models for this nano-stable phase
and demonstrating that GI-IXS enables momentum-resolved phonon spectroscopy
in nanostructured materials with high energy and momentum resolution.

In the second case study, we focus on nanoelectronic junctions in zincblende
(ZB) InP/InGaP axial heterostructure NWs engineered for tandem photovoltaic
devices. Hyperspectral TERS is employed to probe p/p™ and p™/n*" tunnel
junctions with nanometer-scale spatial resolution. TERS exploits localized plas-
monic field enhancement at the apex of a metallic AFM tip (Figure 2a). A rep-
resentative near-field Raman spectrum (Figure 2a, inset) highlights characteristic
vibrational modes and a phonon—plasmon coupled mode (L;). Spatially resolved
TERS mapping across the two axial interfaces (Figure 2b) reveals that junctions
nominally designed as abrupt are in fact compositionally and electronically graded
over finite lengths. Importantly, the phonon—plasmon coupled L; mode acts as an
internal nanoscale probe of free-carrier concentration, enabling direct differentia-
tion between electronic transition widths and chemically defined interfaces traced
by alloy-sensitive transverse optical modes. These measurements demonstrate that
electronic junction profiles extend differently from chemical transitions, providing
direct nanoscale evidence of junction grading inaccessible to far-field optical or
purely topographic techniques.

To assess the electronic implications of the experimentally measured junction
profiles, band-edge simulations and Wentzel-Kramers—Brillouin tunneling proba-
bility calculations are performed using transition widths extracted from TERS.
Rather than aiming to predict absolute device currents, these calculations quantify
the dependence of tunneling probability on the interfacial transition length. The
results reveal a systematic decrease in tunneling probability with increasing junc-
tion grading, consistent with the formation of an extended transition compared
to an ideal abrupt junction. This trend highlights the strong sensitivity of car-
rier transport to nanoscale junction morphology. It underscores the importance of
quantitatively resolving buried interface profiles when evaluating tunnel-junction
quality in NW tandem photovoltaic architectures.
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In conclusion, GI-IXS enables direct access to phonon dispersion relations in
nano-stable crystal phases such as WZ InP, and TERS provides non-destructive,
nanoscale mapping of electronic and chemical transitions at junctions in ZB InP /InGaP.
Together, these complementary approaches bridge reciprocal-space lattice dynam-
ics and real-space nanoelectronics, establishing a powerful experimental toolbox for
advanced materials processing and characterization, and for the rational design of
next-generation nanowire-based tandem photovoltaics beyond the efficiency limits
of conventional silicon solar cells.
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Figure 1: Grazing-incidence inelastic x-ray scattering of wurtzite InP nanowires. a) Schematic of the GI-IXS
experimental geometry and high-resolution monochromator setup, illustrating the grazing-incidence illumi-
nation and momentum-resolved detection used to selectively probe nanowire vibrational excitations. b) Ab
initio phonon dispersion relations of the wurtzite phase of InP calculated using density-functional pertur-
bation theory along high-symmetry directions of the wurtzite Brillouin zone. c-d) Representative GI-IXS
spectra acquired at selected momentum transfers along the I'-M direction, showing multiple resolved low-
energy vibrational modes of the nanowires. e) Experimentally extracted phonon dispersion of wurtzite InP
nanowires along the I'-M direction. Ab initio calculated dispersion is shown as coloured lines, while experi-
mentally extracted phonon energies are shown as open coloured circles. Error bars represent the half width
at half maximum (HWHM) of the fitted phonon linewidths.
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Figure 2: Nanoscale TERS characterization of buried axial junctions in the tunnel diode of zincblende
InP/InGaP nanowire heterostructures. a) Schematic of the tip-enhanced Raman spectroscopy (TERS) setup
used for nanoscale vibrational mapping. Inset: representative TERS spectrum acquired in the InGaP seg-
ment, with vibrational modes highlighted, including the phonon—plasmon coupled L; mode and composition-
sensitive modes. b) Spatially resolved TERS intensity maps across the two axial junctions of the nanowire:
p/pTT (left) and p™*/ntt (right). Colour maps show the integrated intensity of the L; mode (electronic
transition) and the TOM mode (chemical transition), revealing distinct electronic and compositional transi-
tion widths at each interface. The data demonstrate that electronic junction profiles extend differently from
chemically defined interfaces, providing direct nanoscale evidence of junction grading.
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Abstract

Carbon nanomaterials have emerged as a highly versatile class of materials with
transformative potential in biomedicine. This tutorial lecture provides an overview
of the key carbon nanomaterial platforms, including carbon nanotubes, graphene
derivatives, and fullerenes, and their biomedical applications, with a particular
focus on carbon nano-onions (CNOs).

CNOs, also known as multi-layer fullerenes, are an exciting class of nanostruc-
tures that show great versatility and applicability across several fields of technology
and biomedicine. Consisting of multiple concentric layers of sp? hybridized carbon,
CNOs are emerging as platforms for biomedical applications owing to their ability
to be internalised by cells and their low toxicity.

This lecture will cover the synthesis and chemical functionalisation strategies
developed to tailor CNO surface properties, including modification with differ-
ent functional groups and conjugation with molecules such as fluorophores, which
enhances water solubility, biocompatibility, and cell penetration capability. Key
biomedical applications will be discussed, including their use as multimodal imag-
ing probes for bioimaging, exploiting their cell-penetration properties and minimal
systemic toxicity, as well as their promise as nanocarriers for targeted drug delivery
and cancer therapy. Recent advances in boron/nitrogen co-doped CNOs as next-
generation nanocarriers, combining aqueous dispersibility and biocompatibility, will
also be highlighted.

Attendees will gain a comprehensive understanding of the unique physicochemi-
cal properties that make CNOs a compelling platform for the development of novel
theranostic and healthcare technologies.
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Abstract

The development of biohybrid systems integrating nanomaterials with photo-
synthetic organisms represents an emerging research direction with high potential
to address global challenges in sustainable energy production and next-generation
agriculture. This work presents a nano—bio platform based on the green synthesis
of metallic nanoparticles of gold, silver, palladium, and copper, and their functional
integration into cyanobacteria with the aim of enhancing their energy-related per-
formance.

The controlled incorporation of metallic nanoparticles into cyanobacteria led
to the enhancement of photosynthetic processes and electron transfer pathways,
resulting in a significant increase in the energy output of the biohybrid system.
These findings demonstrate how Nano-to-Bio interface engineering can generate
new energy-related functionalities in living systems, establishing a solid foundation
for the development of advanced bioenergy platforms.To advance toward functional
and scalable architectures, this project explores the fabrication of structured bio-
hybrid systems through 3D printing of nanoparticle-doped cyanobacteria. This
research line, currently supported by a nationally funded project in Ecuador, seeks
to integrate principles from nanotechnology, synthetic biology, and materials en-
gineering to develop reproducible and adaptable bioenergy systems suitable for
diverse technological contexts.

In a complementary approach, the application of these biohybrid systems in agri-
culture is evaluated, where cyanobacteria—nanoparticle interactions showed positive
effects on plant growth and performance, suggesting their potential use as ad-
vanced bioinputs for crop improvement. Overall, this work proposes a versatile
and evolving biohybrid platform with clear opportunities for further optimization
through modeling approaches, advanced characterization techniques, and techno-
logical scale-up. The interdisciplinary nature of the proposed system opens a strate-
gic space for international collaborations focused on the joint development of sus-
tainable solutions in energy and agriculture, particularly within the framework of
global Nano-Bio research initiatives.
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Figure 1: Nano—Bio Hybrid Platform: schematic representation of a biohybrid system based on green-
synthesized metallic nanoparticles integrated into cyanobacteria, enabling enhanced energy production as
the core functionality and complementary agricultural applications.
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Abstract

Chitosan is one of the most used biopolymers due to its attractive properties,
including availability, biodegradability, biocompatibility, low toxicity, and ease of
chemical modification|1]. Its versatility allows it to be applied across both indus-
trial and biomedical fields in various physical forms, such as hydrogels, nanofibers,
and films|2]. However, chitosan’s brittleness and moisture sensitivity hinder its fea-
sibility to be used for film packing applications|3]. To address these limitations, our
study explores the interfacial functionalization and cross-linking of chitosan with
fillers such as graphite, graphene oxide, and silver nanoparticles.

In this work, chitosan based four nanostructured composite films (CNC) were
synthesized via solvent casting method: (1) chitosan - Cs, (2) chitosan/graphite -
Cs/G, (3) chitosan/graphene oxide Cs/GO, and (4) chitosan with silver nanoparti-
cles - CS/AgNP. Homogeneous films were obtained on petri-dishes (15 cm diameter)
allowed to dry in an extraction chamber at room temperature for 24 hours. Tensile
stress studies were further conducted in rectangles cut from the film (see Fig. 1 a).
SEM analysis shows structural variations on the fracture surfaces, showing rough
and homogeneous areas oriented along the cross section of the film as see in Fig. 1
b for Cs/GO. We found the filler homogeneity to be a critical factor to maximize
the load transfer, mechanical strength, and dimensional stability of the films.

The tensile stress results are presented in Figure 2 a-b, illustrating the differ-
ences in the Young’s modulus, and the tensile strength respectively, as a function
of the filler. This systematic approach not only improves understanding of mechan-
ical behaviour in this biomaterial, but also provides novel information about how
different fillers influence the lifetime and stability of chitosan films.

By studying these parameters, we have established a clear design criterion, mini-
mizing variability between samples and ensuring reproducibility of mechanical and
functional properties. Through a detailed analysis of the tensile behaviour and
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polymer-nanofiller interactions, this study provides both quantitative and qualita-
tive insights into the mechanical and physico-chemical performance of CNC mate-
rials. Our research addresses applications in both industrial and biomedical con-
texts, including food packaging, active coatings, wound dressings and bandages,
and scaffolds for cell regeneration. These findings lead to the design of stronger,
more functional, and more sustainable films, contributing to the creation of inno-
vative biomaterials with high-performance suitable for industrial and biomedical

applications.

Figure 1: Mechanical testing and morphological anal-
ysis. a) Universal strain analysis of a chitosan/
graphene oxide (Cs/GO) sample during the initial
tensile test. b) SEM micrograph of the cross-sectional
area of the CNC Cs/GO sample after fracture.
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Figure 2: Young’s modulus and tensile strain analysis.
a) Young’s modulus as a function of sample tested.
b) Tensile strength as a function of sample tested. In
both cases the strongest response is shown when GO
is used as a filler on the CNC.
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Abstract

In this study, the stability of nanoemulsions prepared from two self-nanoemulsifying
drug delivery system (SNEDDS) formulations with geraniol:surfactant ratios of 1:6
(T1) and 1:2.25 (T2) was evaluated over an eight-week period, using different water
concentrations. The surfactants employed were Cremophor EL, Labrafil M1944CS,
and Labrasol, which are commonly used in lipid-based delivery systems due to their
emulsifying efficiency and biocompatibility. Physicochemical characterization was
carried out by Fourier-transform infrared (FTIR) spectroscopy, analyzing both the
pure components and the formulated nanoemulsions. For the stability study, sam-
ples of each nanoemulsion stored in glass vials were collected and analyzed at three
different heights (top, middle zone, and bottom) in order to identify potential signs
of system destabilization. Based on the chemical structures of the components
used, the functional groups responsible for absorption in the infrared region were
identified [1], which enabled the monitoring of specific spectral bands to evalu-
ate nanoemulsion stability, even before the appearance of visible phase separation.
The results indicated that nanoemulsions formulated with the T1 ratio remained
stable throughout the entire study period when the water content was equal to
or greater than 30%. In contrast, the T2 formulation exhibited lower stability, as
nanoemulsions with a water content equal to or less than 43% showed significant
differences in their FTIR spectra from the second week of storage onward, which
coincided with the visual appearance of two phases. These results demonstrate
that the geraniol:surfactant ratio plays a determining role in the physicochemical
stability of nanoemulsions obtained from SNEDDS, highlighting the importance of
formulation optimization during the early stages of system design. Spectroscopic
analysis confirmed that the lower phase of the unstable nanoemulsions corresponded
to a polyethylene glycol-water mixture [2|, suggesting a preferential redistribution
of the hydrophilic components of the system and a disruption of the original na-
noemulsion structure. Likewise, in nanoemulsions that exhibited phase separation,
the possible migration of the bioactive compound (geraniol) toward the surface of
the nanoemulsion was monitored. This behavior was attributed to its lower density
relative to water and was evidenced by tracking two characteristic absorption bands
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of the compound. These results highlight the sensitivity of FTIR as a tool for the
early detection of instability in nanoemulsions and its potential application as a
complementary technique for stability assessment. To advance the biological eval-
uation, formulation T1, which exhibited the highest stability, was selected, and a
qualitative cytotoxicity assessment was performed by fluorescence microscopy using
the non-tumoral MCF-10A cell line. Nanoemulsions containing geraniol concentra-
tions in the range of 1 to 100 uM were analyzed, along with the pure compound
and the surfactant mixture. No signs of cell death were observed in any of the
evaluated treatments, indicating a favorable preliminary biocompatibility profile
and supporting the continuation of the biological evaluation of these systems as
promising platforms for the delivery of bioactive compounds in pharmaceutical
and biomedical applications.
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Figure 1: FTIR spectra of samples taken at different Figure 2: Fluorescence microscopy images of MCF-

depths (height) of T1 and T2 NE with different water 10A cells under different treatments: (a) untreated

content: (a) T1 after storing for 8 weeks. (b) T2 after control; (b) pure geraniol (100 pM); (c) surfactant

storing for 8 weeks. mixture; and (d) nanoemulsion (NE) containing 100
uM geraniol.
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Abstract

In this talk I will describe the mean features which make 2D materials a great
platform for future quantum devices emphasizing their role in quantum optical
systems. I will discuss monolayer hexagonal boron nitride (hBN) as single photon
emitter (SPE) and the challenges for defect control and coherence; hBN can exhibit
spin defects which need to be structured and generated at will to have applications.
I will talk about the possibilities of transition metal dichalcogenides (TMDs) and
their Moiré arrangements as nonlinear optics platforms such as second harmonic
generation (SHG), parametric down conversion, higher harmonics, entanglement,
excitons and excitons coupled with light (exciton-polaritons), thus enriching the
field of quantum nonlinearities for novel quantum applications.
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Abstract

Cations, beyond suggesting the name of a cute animal, is coming from the Greek
origin kation meaning “going down”. The term ion, introduced by the physicist and
chemist Michael Faraday in 1834, involves the idea of moving. In chemistry, cations
(alkali and alkaline-earth metals) are in general thought to have only little influence,
apart from the charge that they bring, and their inherent size. In fact, almost the
entirety of its ability to interact can be summarized as electrostatic interactions.
This apparent simplicity of action has a consequence: chemists tend to forget their
specific presence in various fields. In materials chemistry or nanoscience, they are
also easily overlooked except for considering the possible interaction of negative
guests within a structure. Even in high quality scientific articles, cations or anions
present are not always precisely reported, quantified or characterized. But, in this
research we bring light to a fundamental question: is it really true that cations do
not matter so much? Interestingly, over recent years the focus has been more and
more displaced on these "innocent" species. Since these do not normally fall into the
range of covalent bonds where electrons are shared, they are the best representatives
of Non Covalent Interactions (NCI). For example, the incorporation of cations
within catalysts takes a growing importance recently in catalyst design or Lithium
batteries. While more and more lithium and potassium ions are incorporated to
increase efficiency and sometimes to lead to surprising properties, their effect is
not entirely known and remains challenging to understand. Our strategy to tackle
this problem has been simple: theoretical and computational chemistry calculations
allow to acquire deeper insights on the effect of cations, directly looking at electronic
distribution. Our approach is to use all methods in our quantum chemistry toolbox
(DFT, TDDFT, post-HF, orbitals or ELF function) to observe precisely the effect
of cations on electronic clouds, to provide precise clues to the experimental side.
In this presentation, we intend to showcase different systems where cations can be
designated as direct culprit for a big change of properties : 1) how cations can
influence the luminescent properties of a natural polymer 2) how their presence
can affect hydrogen bonding in general 3) how cations can affect the electronic
distribution in the context of Ny activation 4) if neighboring cations can affect even
absorption /emission of light or even spin state. The conclusions are drawn mainly
from the orbitals and the electron localization function (ELF) in the presence of
cations. In every case, surprising phenomena appear upon detailed inspection.
This information acquired is intended to be used to suggest specific cations for
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specific applications, in the design of new catalysts, materials or nano-objects. We
intend to respond to questions such as: How changes the structure of a polymer
with lithium? [1] Which cation is the most capable of affecting hydrogen bonding?
[2] Which cation would be most promising to facilitate Ny activation? [3] Is it
possible to modulate absorption and emission of light differentially? Our takeaway
information for every scientist is that cations should not be completely overlooked
as they are guilty of strange behaviors, thus, we strongly suggest to quantify them
in all works. In the quantum realm, cations could be more interesting than just
point charge and can induce a reorganization of neighboring electronic clouds, and
why not, a change in the dynamic deformation of these clouds.
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Figure 1: The effect of the cation presence on H-bond Figure 2: The effect of the cation presence (Li, Na, K,
of water dimer through orbital view (3 selected or- Rb, Cs, Mg, Ca, Sr, Ba) on nitrogen electronic cloud
bitals). through Electronic Localization Function (ELF).
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Abstract

The present research manuscript explores the synthesis and thermophysical opti-
mization of composite materials based on Organic Phase Change Materials (OPCMs)
integrated into Activated Carbon (AC) matrices. The core of this study falls within
the Nanostructured Materials category as it investigates the confinement effects and
interfacial interactions occurring within the high-surface-area nanoporous structure
of the carbonaceous scaffold.

This work addresses the critical transition from bulk organic materials to high-
performance composites, specifically targeting the enhancement of thermal conduc-
tivity and the prevention of liquid-phase leakage. According to the literature, the
development of these composites relies on the "capillary forces and surface tension
provided by the nanostructured pores of the carbon support to stabilize the PCM
during phase transition" [1].

Furthermore, the manuscript evaluates the integration of these composites into
Thermal Energy Storage (TES) and Cold Thermal Energy Storage (CTES) sys-
tems. By analyzing the synergistic effect between the OPCM and the AC, the
research demonstrates that "the thermal performance of carbon-based PCM com-
posites is dictated by the pore size distribution and the resulting interconnected
thermal pathways at the nanoscale" [2]. This structural and morphological analysis
at the nano-to-micro scale justifies its classification under the domain of advanced
nanostructured materials for energy applications.
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Figure 1: Simulation in a range of 24°C and 45°C during 1.5 hours with PS parameter as OPCM
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Abstract

Chitosan is one of the most recently studied biopolymers due to its unique char-
acteristics, such as biocompatibility, biodegradability, low toxicity, and antimicro-
bial activity [1]. These properties make chitosan effective for multiple biomedical
applications and potential sustainable biomaterials development [2]. Its antibac-
terial response attracted special interest in the scientific community because the
actual mechanism for the inhibition activity is not yet fully understood [3|. The
main objective in this work is to disclose the fundamental principles behind the
antibacterial response reported for chitosan through physical-chemical analysis of
pristine and nanostructured chitosan biofilms (CNC).

Four nanostructured CNCs were developed using the solvent casting method
as part of our research: (1) pristine chitosan - Cs, (2) chitosan/graphite - Cs/G,
(3) chitosan/graphene oxide Cs/GO, and (4) chitosan with silver nanoparticles -
CS/AgNP. The antibacterial activity was assessed by the inhibition halo test (an-
tibiogram) for two bacterial strains: Staphylococcus aureus and Escherichia coli.
After incubating at 37°C for 24 hours, the AgNP CNC showed the highest antibac-
terial response for both strains, with S. aureus having a larger zone of inhibition
(ZOI) compared to E. coli (see Fig. 1la and 1b). SEM analysis reveals the mor-
phological differences between the pristine matrix and the matrix filled with AgNP
(Fig. 2a and 2b, respectively), suggesting that the microstructural changes could
enhance AgNP-bacteria interactions and enhance inhibition activity.

The systematic analysis of the nanostructured biofilm molecular interactions of
chitosan uncovered unknown conditions that are crucial for comprehending the im-
pact of the chitosan’s nanostructure and its antibacterial response. For instance,
the antibacterial response of chitosan depends on preserving the intrinsic chitosan
molecular structure on a film, the molecular filler used along the nanostructured
composite formation, and the presence of antibacterial agents within the biofilm
matrix. This study presents ground-breaking experimental evidence of the ac-
tion mechanism responsible for the bacteriostatic/bactericidal properties of chi-
tosan films and their derivatives. Our research addresses practical applications in
medicine, food preservation, and environmental sanitation, including antibacterial
coatings, wound dressings, and food packaging. These findings lead to optimiz-
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ing the antimicrobial activity of chitosan-based materials to develop effective and
sustainable alternatives to conventional antibacterial advanced materials.
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Figure 1: Antibacterial activity assessment. a) Inhibition halo test for chitosan with silver nanoparticles
compared to pristine silver nanoparticles against E. coli b) Inhibition halo test for chitosan with silver
nanoparticles compared to pristine silver nanoparticles against S. aureus.

Figure 2: SEM micrograph from the cross-sectional area of chitosan-based biofilms (CNC). a) Pristine chitosan
film (Cs) b) Chitosan with nanostructured with silver nanoparticles (Cs/AgNP).
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Abstract

Hydrothermal carbonization (HTC) is a promising process that converts biomass
into valuable carbon-rich materials. This process has promise to support sustain-
able biorefinery designs. Although spent liquor (SL) is a significant portion of the
HTC output stream, the solid carbonaceous product, hydrochar, has received sig-
nificant attention for applications such as bioenergy, soil enhancement, and carbon
sequestration [1, 2, 3]. The use of subcritical water conditions (180-250 °C and 2-6
MPa) increases the solubility and hydrolysis of biomass components [4, 5|. SL is
composed of various organic molecules, such as volatile fatty acids, phenols, and
furfurals, depending on the HTC working conditions and feedstock [6].

The recent research has initiated the exploration of strategies to enhance the
overall efficiency and sustainability of HTC-based biorefineries by valorizing SL.
For instance, Ding et al. (2022) demonstrated that the adsorption properties of
hydrochar for dye removal can be improved by recycling SL from hydrothermally
treated rice husk [7|. The bio-methane potential of SL obtained from oat fiber HTC
through anaerobic digestion was also reported by Murillo et al. (2024) [8]. Addi-
tionally, the production of organic compounds from HTC spent liquor (OC-HTCSL)
reactive concentrates that can facilitate the synthesis of additional materials has
been suggested as a method of concentrating organic compounds from SL through
water evaporation [1]. Notably, the successful production of stable silver nanopar-
ticles (AgNPs) from HTC concentrates derived from Jatropha fruit fiber has been
demonstrated [9]. This discovery has revealed a novel approach to the integra-
tion of nanomaterials into the HTC framework. Traditionally, the incorporation
of nanoparticles into hydrochar matrices has been facilitated by "one-pot" green
synthesis methods that employ plant extracts as stabilizing and reducing agents.
These methodologies highlight the potential of natural antioxidants to make the
synthesis of nanoparticles more environmentally harmless. SLs are an attractive
alternative to plant extracts for the formation of nanoparticles and the modification
of hydrochar, as they also demonstrate antioxidant activity [9].
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Based on these findings, this study presents a sustainable ex-situ synthesis pro-
cess for producing hydrochar-based catalysts impregnated with silver using various
biomass feedstocks. The procedure deposits silver particles on hydrochar surfaces
using concentrated organic compounds from spent liquors (SL) as natural reducing
agents. The catalytic evaluation of the materials is evaluated using methyl orange
reduction to determine their potential for wastewater treatment. A thorough char-
acterization of silver-loaded hydrochars shows how metal particles interact with
the carbon matrix. This technique enhances the value of HTC-derived products
and follows with circular economy concepts by reusing process wastes to increase
material functionality.
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Abstract

Extreme ultraviolet (EUV) lithography at 13.5 nm demands photoresist mate-
rials with high absorption efficiency, chemical sensitivity, and robust film-forming
behavior. Molecular organometallic resists (MORE) have emerged as promising al-
ternatives to conventional polymeric systems due to their tunable ligand chemistry
and enhanced EUV response [1]. In this work, transition-metal oxalate and car-
bonate complexes of palladium, platinum, and cobalt coordinated with phosphine
ligands were synthesized and evaluated as candidate EUV photoresists.

Platinum carbonate and palladium oxalate complexes were prepared via ligand
substitution reactions and characterized using 'H NMR spectroscopy. While plat-
inum complexes exhibited improved chemical stability, palladium oxalates displayed
partial impurity formation, indicating the need for further purification optimiza-
tion. Cobalt oxalate analogs were synthesized through precipitation-based routes,
yielding crystalline solids suitable for formulation studies.

Thin-film resist formulations were developed using mixed solvent systems, with
MeOH:PMA (2:1) producing the highest film uniformity during spin coating. Broad-
band UV and EUV exposure experiments were conducted to evaluate photochem-
ical response and contrast behavior. Palladium oxalate formulations exhibited
positive-tone contrast curves consistent with ligand-driven solubility switching, in
agreement with previously reported oxalate-based EUV resists [2]. Comparative
analysis further indicated enhanced sensitivity in platinum-based complexes, at-
tributed to their higher EUV absorption cross sections.

These results highlight the critical role of oxalate ligands in promoting EUV-
induced decomposition and demonstrate the influence of metal center selection
on resist performance, supporting the continued development of next-generation
molecular metal-based EUV photoresists.
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Figure 1: EUV contrast curve of palladium oxalate complex (NB-04) formulated at 10 wt% in MIBK:toluene
and developed for 15 s.
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Abstract

Ecuador, the leading cocoa exporter in America and the fourth-largest world-
wide, generates significant waste from cocoa production, including Cocoa Bean
Shells (CBS) [1]. These shells are a generous source of bioactive compounds, such
as phenolics, flavanols, pectin, and essential minerals [2]. Exploiting this under-
utilized source, a green and scalable hydrothermal approach to produce AgNP-
functionalized carbon fibers from CBS was developed. The products of this reac-
tion were characterized in terms of their chemical composition. From a biomedical
perspective, chitosan-based films loaded with gentamicin and CBS-AgNPs for con-
trolled drug delivery were fabricated. The films were characterized for chemical
composition, morphology and drug release kinetics, demonstrating a excepted sus-
tained antimicrobial efficacy against Gram-negative (Escherichia coli) bacteria.

SEM HV: 5.0 kV WD: 14.91 mm
View field: 185 ym Det: SE 50 pm
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Figure 1: SEM Image of (AgNPs@QCBSE + Gentamicin) Chitosan Films and its Pharmacokinetics Graph in
acidic media.
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Abstract

Solar energy is crucial for an efficient transition from fossil fuels to a sustainable
economy. Although conventional solar cells have achieved relatively high efficien-
cies, more efficient hybrid solar cells can be manufactured if suitable fabrication
processes are developed. In this context, nanomaterials such as single-walled car-
bon nanotubes (SWCNTS) are a promising alternative for producing conductive
tracks that capture free electrons in photovoltaic devices, where thermal stress and
weight are critical factors.

This work focuses on the development of a process to deposit single-walled car-
bon nanotube conductive tracks for application in solar cells. The proposed method
involves the deposition of a thixotropic nanosuspension by means of a doctor blade
technique. The nanosuspension was formulated using SWCNTs dispersed in ethy-
lene glycol and deposited onto a silicon wafer through an ethylene vinyl acetate
mask. Localized heating using a CO, laser was applied for solvent evaporation and
nanomaterial sintering, following a transient thermal model. The morphology of
the deposited tracks was characterized by scanning electron microscopy.

Localized laser heating significantly improved the morphology, structure, and
electrical behavior of the deposited tracks. The results indicate that selective sin-
tering enhances inter-tubular connectivity without degrading the substrate. The
optimum sintering condition was achieved at a surface temperature of approxi-
mately 120 °C, which enables the removal of the dispersing agent and promotes
the formation of sintering necks, thereby reducing the electrical resistivity of the
tracks. A sheet resistance on the order of 40 ) was obtained.

These results demonstrate that laser sintering significantly reduces the electri-
cal resistivity of SWCNT conductive tracks while operating at substantially lower
temperatures than conventional processes, providing technical, energy, and envi-
ronmental advantages for the fabrication of SWCNT-based conductive tracks.
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Figure 1: Experimental route for the fabrication of SWCNT electrodes
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Figure 2: Isotherm map and experimental validation Figure 3: SEM micrographs of the microstructural
of the thermal sintering model for SWCNT films. network of SWCNTs sintered at 120 °C.
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Abstract

This research focuses on the synthesis and characterization of carbon nanomate-
rials, emphasizing the confinement of carbon quantum dots (CQDs) within single
walled carbon nanotubes (SWCNTS) as a novel strategy to engineer hybrid nanos-
tructures with tunable electronic and optical properties. The confinement approach
is motivated by the fact that the intrinsic properties of SWCNTs strongly dependent
on chirality, diameter, and defect concentration can be significantly modulated by
encapsulated nanostructures, creating new pathways for advanced nanoelectronics
and optoelectronic applications.

The SWCNTs are synthesized by chemical vapor deposition (CVD), where sil-
icon substrates are coated with optimized mixtures of iron (Fe) and cobalt (Co)
catalysts in a polyvinyl alcohol stock solution using the electrospray method to sta-
bilize and avoid degradation, this procedure focus to obtain the most homogenous
deposition on substrate and avoid agglomerations, before thermal processing in an
inert atmosphere within the CVD. Atomic Force Microscopy (AFM) equipment
will be used to analyze the morphological structure of CNTs grown at nano scale
and, Raman spectroscopy serves as the primary diagnostic tool, with the radial
breathing modes (RBM) providing direct evidence of SWCNT formation, while the
D, G, and 2D bands are used to assess defect density, in plane vibrations, and mul-
tilayer contributions. Experimental results confirm that only well-balanced Fe/Co
catalyst mixtures yield distinct RBM signals characteristic of SWCNTs, whereas
high catalyst concentrations or elevated methane flow rates lead to multi walled
carbon nanotube (MWCNT) formation and defect structures [1].

In parallel, CQDs are synthesized from achiote seed biomass via a green route
involving grinding, homogenization, sieving, ethanol treatment, drying, heat treat-
ment (hydrothermal reactor), and purification using some methods in order to
obtain the material with homogeneous particle size focused on the middle state to
particle size, in addition to the freeze drying method to obtain powder material.
The CQDs are characterized through UV-Vis, FTIR, SEM, and fluorescence spec-
troscopy to analyze material surfaces, morphology composition and topographical
images. Their spectra exhibit absorption peaks associated with aromatic transi-
tions, surface functional groups (O-H and C=C stretching vibrations), and stable
photoluminescent features, particularly in purified middle-phase fractions.
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The central stage of this study involves the encapsulation of CQDs within SWC-
NTs, using the nanotubes as nanoreactors and confinement vessels. This process is
expected to stabilize the quantum dots, restrict their aggregation, and induce mod-
ified electronic coupling with the SWCNT walls. The hybrid carbon nanomaterials
CQD&SWCNT are characterized through UV—Vis, FTIR, AFM, SEM, fluorescence
and Raman spectroscopy to analyze and verify real state of confinement [2]. The
confined system will be systematically analyzed to evaluate how encapsulation al-
ters the optical response, defect states, and electron phonon interactions relative
to free-standing CQDs and pristine SWCNTs. Through this hybrid approach, the
work aims to demonstrate that CQD&SWCNT composites represent a promising
platform for designing next-generation nanoscale devices.
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Abstract

Microplastic pollution has become a critical environmental issue due to the per-
sistence, accumulation, and limited removal of synthetic polymers in aquatic sys-
tems. Among these contaminants, polyethylene terephthalate (PET) is one of the
most prevalent microplastics detected in water bodies, originating mainly from the
fragmentation of plastic packaging and textile fibers [1|. The present work addresses
this problem by proposing the use of magnetic chitosan based microspheres as an
eco-friendly and recoverable adsorbent material for removing PET microplastics
from aqueous media. The relevance of this approach lies in the urgent need for
sustainable remediation technologies that can combine high removal efficiency with
low environmental impact and easy post-treatment separation. Biopolymer-based
adsorbents such as chitosan offer a promising alternative to conventional synthetic
materials due to their biodegradability, low toxicity, and chemical versatility [2]|. In
this study, the objective is to synthesize and characterize the material to evaluate
the removal of microplastics. Therefore, the chitosan microspheres were synthe-
sized via ionic gelation and subsequently modified through the incorporation of
magnetite particles and EDTA functionalization to enhance adsorption capacity
and facilitate magnetic recovery. The resulting materials were lyophilized to ob-
tain porous structures suitable for microplastic adsorption. Morphological, struc-
tural, and compositional characterization was performed using scanning electron
microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), Fourier trans-
form infrared spectroscopy (FTIR), Raman spectroscopy, and thermogravimetric
analysis (TGA), confirming the successful formation and functionalization of the
microspheres. The removal performance of PET microplastics was monitored by
UV-Vis spectroscopy, exploiting the characteristic absorbance band in the 280-300
nm range associated with 7 — 7* electronic transitions of aromatic groups in PET
[3]. Adsorption experiments showed a consistent decrease in absorbance intensity
over time and with increasing quantity of material, indicating effective PET re-
moval. This study, focused on the characterization of the material, contributes to
addressing the challenge of microplastic contamination by providing a sustainable,
alternative, and easily recoverable adsorption strategy, reinforcing the applicability
of biopolymer magnetic composites in water treatment and environmental remedi-
ation.
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Figure 1: BSE-SEM micrographs of the chitosan-
based microsphere (CH) acquired at different mag-
nifications, illustrating its hierarchical morphology.
(a) Low-magnification SEM image showing the over-
all morphology of an irregular particle aggregate.
(b) Intermediate-magnification image revealing the
internal structure of the particle, characterized by
fractured regions and fibrous features. (c) Higher-
magnification SEM image highlighting a dense net-
work of elongated, needle-like structures distributed
within the matrix. (d) High-magnification detail

of the acicular structures, showing their morphol-
ogy and local arrangement on the particle surface.
All images were acquired in backscattered electron
(BSE) mode at an accelerating voltage of 10.0 kV,
with scale bars of 500 ym (a), 100 pm (b), 50 pm
(c), and 10 pm (d), respectively.
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Figure 2: FTIR spectra of magnetite and chitosan-
based materials recorded in the range 4000-400
ecm~ . (a) Magnetite (M). (b) Pristine chitosan.
(c) Chitosan spheres (CH). (d) EDTA-functionalized
chitosan spheres (CH+EDTA). (e) Magnetite-doped
chitosan spheres (CHM). (f) Magnetite- and EDTA-
functionalized chitosan spheres (CHM+EDTA). The
spectra are vertically offset for clarity and illustrate
the characteristic vibrational bands associated with
the polymer matrix, EDTA functional groups, and
iron oxide incorporation.

90



Acta Microscopica Vol.35, Supp.1, 2026
Abstract Book NSSY 2026 - Galapagos 17" -253% May 2026

Figure 3: SEM-EDX analysis of glitter particles. (a) Backscattered electron (BSE) SEM micrograph showing
the surface morphology and compositional contrast of the glitter sample. (b-h) EDX elemental maps of Al,
0, Si, Ca, Mg, C, and Na. All maps correspond to the same analyzed area as the BSE image, with a scale
bar of 60 pm.

Table 1: Removal efficiency (%) of PET and Glitter at different concentrations, calculated from UV—Vis peak
absorbance measurements.

Sample (ppm) Material Ao Best time  Removal (%)
CH 0.2286 - 0.00
. CH + EDTA 0.2310 1 Day 21.86
Glitter 100
CHM 0.2311 1 Day 23.02
CHM + EDTA  0.2432 - 0.00
CH 0.7504 1 Day 19.23
Glitter 500 CH + EDTA 0.7749 1 Day 23.63
CHM 0.7715 1 Day 25.34
CHM + EDTA  0.7649 - 0.00
CH 0.3470 1 Hour 2.97
CH + EDTA 0.3128 1 Day 20.14
PET 100
CHM 0.3068 4 Days 12.13
CHM + EDTA  0.2972 - 0.00
CH 1.4744 1 Day 40.80
CH + EDTA 1.4862 1 Day 46.84
PET 500
CHM 1.4738 1 Day 43.09
CHM + EDTA  1.4881 1 Day 7.04
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Abstract

The development of functional hybrid materials that combine polymeric matrices
with nanostructured components has attracted increasing attention in recent years
due to their potential applications in sensing, bio-related technologies, and smart
materials [1]. In particular, thermo-responsive polymeric systems integrated with
fluorescent nanomaterials offer promising opportunities for the design of stimuli-
responsive platforms capable of transducing environmental changes into optical
signals. Within this context, polymer-nanoparticle hybrid systems based on bio-
compatible components are of particular interest for the development of advanced
luminescent materials [2].

The aim of this work is to synthesize and characterize hybrid materials based
on thermo-responsive hydrogels and carbon quantum dots (CQDs) and to evaluate
their luminescent properties as a function of the polymer network structure. Specif-
ically, hydrogels based on vinyl caprolactam (VCL) were combined with CQDs ob-
tained from watermelon seed as a sustainable carbon source, with the objective of
investigating how crosslinking degree and nanoparticles influence the photolumi-
nescence behavior of the resulting hybrid systems.

Thermo-responsive hydrogels were synthesized via emulsion polymerization us-
ing VCL as the main monomer. Two types of polymeric systems were prepared:
a VCL homopolymer hydrogel and copolymeric hydrogels obtained by incorporat-
ing polyethylene glycol diacrylate (PEGDA) as a crosslinking agent at different
concentrations. Carbon quantum dots were synthesized through a hydrothermal
method using watermelon seed as the precursor, followed by purification to obtain
stable fluorescent nanoparticles. Hybrid materials were prepared by mixing the
synthesized hydrogels with controlled amounts of CQDs to ensure homogeneous
incorporation within the polymeric matrix.

To assess the polymerization conversion of the hydrogels and to estimate the ef-
fective incorporation of CQDs, total solids content was determined for each sample.
Structural and chemical characterization of the hydrogels, CQDs, and hybrid ma-
terials was performed using Fourier Transform Infrared (FT-IR) and Raman spec-
troscopy, confirming polymer formation and nanoparticle integration. The thermal
stability of both hydrogels and hybrid systems was evaluated by thermogravimetric
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analysis (TGA), providing information on their degradation behavior and stability
upon CQD incorporation. The optical and luminescent properties of the materi-
als were investigated using photoluminescence spectroscopy, focusing on emission
intensity and behavior as a function of hydrogel composition.

The results demonstrate a clear enhancement in photoluminescence intensity
for the hybrid materials compared to the corresponding base hydrogels. Further-
more, an increase in the crosslinking degree of the polymeric network led to a
systematic increase in photoluminescence intensity, indicating a strong relationship
between polymer structure and optical response. This behavior is attributed to
improved confinement and stabilization of the carbon quantum dots within more
highly crosslinked hydrogel networks, which reduces non-radiative decay pathways
and enhances fluorescence emission.

In conclusion, the hybrid materials developed in this study exhibit tunable lumi-
nescent properties governed by the structural characteristics of thermo-responsive
polymeric gels. The combination of VCL-based hydrogels with carbon quantum
dots derived from a sustainable source results in functional nanomaterials with en-
hanced fluorescence and favorable thermal stability. These findings highlight the
potential of such hybrid systems as prospective thermo-responsive and luminescent
platforms for sensing and bio-related applications, positioning them as promising
candidates for future development in smart material technologies.
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Figure 1: Fluorescence spectra of hydrogels, carbon dots, and hybrid Figure 2: Relative quantum yield of
materials. carbon quantum dots (QD-01, QD-
02).
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Abstract

Glioblastoma multiforme (GBM) is an aggressive and lethal type of brain tu-
mor, known for its high resistance to conventional treatments. Originating from
glial cells or their precursors, GBM is marked by its cellular heterogenicity, ag-
gressiveness and invasiveness. Clinical manifestations range from headaches and
neurological deficits to seizures, depending on the location and size of the tumor
in the brain. The key determinant factor of GBM aggressiveness is the commu-
nication between GBM cells and their surrounding microenvironment [1]. Despite
advances in treatment modalities such as surgery, radiation, and chemotherapy,
the prognosis for GBM patients remains poor, with a median overall survival of ap-
proximately 12-15 months [2]. The blood-brain barrier (BBB) poses a significant
challenge, restricting drug delivery to the tumor, which reduces the effectiveness of
chemotherapy and increases side effects. Temozolomide (TMZ) is the most com-
mon chemotherapeutic agent used for GBM, but it has limitations, including low
stability and short half-life. Additionally, TMZ’s therapeutic effect is impacted by
GBM'’s molecular heterogeneity and genetic alterations, such as mutations in the
MGMT gene, that can confer resistance to TMZ, reducing its effectiveness [3]. To
overcome these issues, this study aimed to develop and characterize nanoparticles
made of zein, a biocompatible and biodegradable protein derived from corn, for
the controlled delivery of TMZ. Zein is also a sustainable alternative to synthetic
polymers. The nanoparticles were prepared using the nanoprecipitation method.
The formulations were characterized both with (TMZ-ZNP) and without the drug
(ZNP). The TMZ-ZNP formulation had a mean diameter of 557.0 nm, PDI of 0.27
and a zeta potential of 34.7 mV, and a high encapsulation efficiency of 66.8%. The
encapsulation of TMZ significantly altered the physicochemical properties of the
particles. The in vitro release profile showed that free TMZ has a rapid release, with
over 80% of the drug released within the first 8 hours. In contrast, the TMZ-ZNP
formulation provided a sustained release for up to 48 hours (Figure 1), suggesting a
mechanism of drug diffusion through the nanoparticle matrix. Thermal (DSC) and
spectroscopic (FTIR) analyses confirmed the presence of TMZ inside the polymeric
matrix. In cytotoxicity assays, the zein nanoparticles were shown to be biocompat-
ible, while the TMZ-ZNP formulation demonstrated a significant antiproliferative
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effect on U87-MG glioblastoma cells, with cell viability decreasing as concentration
and exposure time increased. The results indicate that zein nanoparticles are a
promising platform for the controlled delivery of temozolomide, with the potential
to improve treatment efficacy and reduce side effects of glioblastoma multiforme.
The efficient encapsulation and sustained release profile make this system a relevant
candidate for future investigations, particularly for intranasal administration.
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Figure 1: In vitro release profile of temozolomide (TMZ) from zein nanoparticles (TMZ-ZNP) in release
media pH 6.8 and 5.0 at 37 °C
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Abstract

In Mexico, the use of carbon nanomaterials like graphene oxide (GO) and nan-
otubes has grown significantly due to their mechanical, thermal, and electrical
properties, making them highly attractive for technological, medical, and industrial
applications [1]. However, there is limited mandatory regulation and little aware-
ness of voluntary guidelines governing their use, increasing the risk of environmental
release during production, application, or disposal, which enable nanomaterials to
enter the food chain and interact with various organisms. This study focuses on the
impact of GO on plants, a relatively underexplored area that is crucial for assessing
ecological risks and food safety. Based on the Mexican voluntary standards (NMX)
and international methodologies such as; the International Rules for Seed Analy-
sis (ISTA) and Organisation for Economic Cooperation and Development (OECD)
Guideline 208, a reproducible methodology was developed to evaluate the effects of
both commercial and lab-synthesized GO on young plants through germination and
early growth assays. The work was conducted in three stages: material stability
assessment, germination assays, and growth analysis (root and shoot length, leaf
area, fresh and dry biomass, relative leaf water content, and biochemical parame-
ters including chlorophyll, macronutrients, and antioxidant enzyme activity). The
established methodology provides a standardized and robust framework to assess
carbon nanomaterials environmental risks, and contribute to the responsible and
sustainable use of them.
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Figure 1: Methodology standardization: germination percentage and early growth of control plants.
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Abstract

The development of biopolymer composites represents a sustainable alternative
to conventional polymers in various application areas [1], which has generated in-
creasing interest across different sectors [2] aimed at improving their properties
through the incorporation of compounds or filler materials. In particular, conduc-
tive polymer composites exhibit attractive properties such as low toxicity, biocom-
patibility, and low cost, thereby expanding their potential applications in sensors,
batteries, diodes, and other electronic devices [3]. The objective of this work was to
develop conductive composites based on biodegradable organic materials, such as
corn zein, gelatin, and pectin, with potential application as functional inks. For this
purpose, graphite was used as a conductive filler, and its concentration was varied
within the different polymer matrices. The results showed that the incorporation
of graphite at different concentrations allows modulation of both the mechanical
properties and the electrical transport properties of the composites, enabling the
identification of an optimal percolation threshold, as shown in Fig. 1. Additionally,
gelatin-based inks exhibited a change in electrical resistance as the bending angle
was modified, indicating their potential use as piezoresistive inks (see Fig. 2) and
pressure sensors. In contrast, zein-based systems, due to their insolubility in water,
present advantages for use in humid environments without material loss. When
comparing the intermediate concentrations in the different polymer matrices, con-
ductivity values of 0.282 S/cm for zein, 0.048 S/cm for pectin, and 0.018 S/cm
for gelatin are obtained. Overall, the developed materials constitute viable can-
didates for application in flexible bioplastics and printed sensors on biopolymeric
substrates, enabling the monitoring of different variables through electrical signals
measurable by resistive, capacitive, and piezoelectric methods.

98




Acta Microscopica Vol.35, Supp.1, 2026
Abstract Book NSSY 2026 - Galapagos 17" -253% May 2026

10 [~ :
9 T T T T T
— M1
8 — M2
— M3
= : 5 p——M4
L6 — M5
8 —
s =
= o i
T4 8°
3 S
c >
G 3
o
2 -5
1
0
_10 1 1 1 1 1 1 1
005 o010 015 020 025 030 035 040 -0.0015 -0.0010 -0.0005 0.0000 0.0005 0.0010  0.0015
Concentration (g/ml) Current (1)
Figure 1: Percolative behaviour of the electrical con- Figure 2: Resistance change as a function of the
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Abstract

Carbon nanotube sponges (CNTSs) are extremely lightweight, complex graphitic
nanostructures. Owing to their mechanical properties, CNTSs can be elastically
distorted into any shape and repeatedly compressed. This type of structure is
lighter than water owing to its low density and hydrophobic nature. Their high
electrical conductivity has shown promising applications, including flexible and
compressible conductors, innovative materials, sensors, and nanocomposites. In
2010, Gui et al. [1] reported the synthesis of CNTSs by chemical vapor deposi-
tion (CVD) using a solution of ferrocene and 1,2-dichlorobenzene at 860 °C for 4
h under a carrier gas atmosphere of Ar and Hy. Their results showed that CNTSs
exhibit thermal stability, electrical conductivity, robustness, and resistance, which
can be exploited in multifunctional structures, sensors, electrodes, and membranes.
Martinez-Iniesta et al. [2| synthesized nitrogen-doped carbon nanoribbon sponges
(CNRS) via CVD using two sprayer approach. They used, for sprayer-1, a mixture
of toluene, N N-dimethylformamide, ferrocene, and thiophene, and, for sprayer-2,
a mixture of acetone, isopropanol, ferrocene, and thiophene. The two independent
solutions were nebulized and introduced into a tubular quartz reactor, which was
tested at three different synthesis temperatures. Their results showed a rough sur-
face, oxygen-containing functional groups, and defects, which could be attributed
to nitrogen incorporation. This approach offers a counterpoint to the conventional
method of preparing carbon nanotube-based sponges. These carbon structures
have been described as one-dimensional confined graphene sheets, exhibiting high
charge-carrier mobility, a considerable bandgap, and versatile electronic properties,
which correlate with their structural defects, particularly those at the edges and
ribbon orientation [3]. Based on this knowledge, we encourage the improvement
of a methodology for synthesizing CNRS via aerosol-assisted chemical vapor depo-
sition (AACVD). To optimize their structural and electrochemical properties for
use as charge-carrier supports in electrode materials for electrochemical devices.
We present the AACVD method starting with four main precursors: acetone, iso-
propanol, ferrocene, and thiophene. Each precursor plays a crucial role in the
synthesis pathway, final morphology, and electrical properties. For instance, ace-
tone and isopropanol serve as carbon sources and introduce an oxygen double bond
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in addition to the hydroxyl group. These functionalities can then be translated
into quinone, carbonyl, ether, or hydroxyl groups in graphene sheets. The precur-
sor mixture solution was nebulized in a quartz tube reactor inside a tubular furnace
at 980, 1020, and 1050 °C for 1 h each with a gas flow rate of 1 L/min. After the
reaction, the resulting carbon material was scraped off using a stainless-steel rod.
CNRSs were characterized by scanning electron microscopy (SEM), X-ray diffrac-
tion (XRD), Raman spectroscopy, diffuse reflectance infrared Fourier transform
spectroscopy (DRIFTS), cyclic voltammetry (CV), and electrochemical impedance
spectroscopy (EIS). SEM revealed an interconnected zigzag ribbon morphology in
the graphitic materials (Fig. 1), which was interlinked with the fiber-like struc-
tures. The XRD patterns show prominent sp? carbon peaks at approximately 26°
and 43°. Additionally, a peak corresponding to turbostratic graphite is observed
at approximately 25°. The diffraction patterns revealed interplanar spacings of
0.166, 0.152, and 0.152 nm for the samples synthesized at 980, 1020, and 1050
°C, respectively. The Raman spectra showed peaks characteristic of a graphene-
like sample, including the D and G bands, as well as the complementary D1, D2,
and D4 bands. A 2D band appears at approximately 2700 cm~!. CV and EIS
analyses revealed capacitive behavior with resistivity effects. The oxidative and
reductive peaks corresponding to metallic species were attributed to the addition
of the ferrocene catalyst.

— smVis

—25mVis
50 mVis

— 100 mV/s

1.4 o]
0.8 -04 0.0 04 08 12-08 -04 0.0 04 0.8 12-08 -04 0.0 04 08 12
Potential (V vs Ag/AgCl) Potential (V vs Ag/AgCl) Potential (V vs Ag/AgCl)

Figure 1: Morphological and electrochemical characterization of CNRSs synthesized by AACVD at different
growth temperatures. Top panels: SEM micrographs of samples grown at (a) 980 °C, (b) 1020 °C, and (c)
1050 °C, revealing an interconnected zigzag ribbon network. Bottom panels: cyclic voltammetry (CV) curves
recorded at scan rates of 5, 25, 50, and 100 mV s~! (potential vs Ag/AgCl), highlighting the effect of growth
temperature on the capacitive response.
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Abstract

Arsenic contamination in water bodies poses a serious environmental and public
health concern due to its high toxicity and chronic effects on exposed populations.
In South America, the presence of this metalloid arises largely from natural leaching
of sedimentary rocks, placing rural communities that depend on untreated ground-
water at elevated risk.

In this study, biochar derived from green banana peels was investigated as a low-
cost adsorbent for arsenic removal from aqueous media. Following the principles
of the circular economy, agro-industrial waste was repurposed to develop a sus-
tainable material with potential applicability in resource-limited settings, thereby
contributing to both environmental protection and public health [1].

The biochar was produced via pyrolysis of green banana peels in a tubular fur-
nace under an inert argon atmosphere, using a heating rate of 5 °C min~! up to
750 °C, with a final yield of 37%. Arsenic concentrations were quantified using the
molybdenum blue method, where As(V) was reduced to As(III) to form a blue com-
plex subsequently analyzed by UV-Vis spectrophotometry [2]. A calibration curve
(0.5-5 ppm) enabled reliable correlation between absorbance and arsenic concentra-
tion. The material demonstrated high adsorption performance, achieving a removal
efficiency of 90%.

Adsorption kinetics were evaluated by sampling aliquots at defined intervals until
equilibrium was attained. Isothermal adsorption experiments were also conducted
under controlled temperature and time conditions, at varying arsenic concentra-
tions, also the best model that describe adsorption is Freundlich isotherm, confirm-
ing the material’s capacity to increase adsorption, and the adsorption capacity is
164.7 (mg/g)(L/mg)"/™.

Overall, this work identifies green banana peel-derived biochar as a promising
adsorbent for arsenic removal from aqueous solutions. Its simple preparation, eco-
nomic accessibility, and environmental sustainability highlight its potential as a
practical strategy to improve water quality and mitigate health risks in vulnerable
populations.
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Abstract

In recent decades, the development of functional nanostructured materials has
become increasingly important in the development of advanced technologies that
address environmental problems, increasing the need for more efficient, stable, and
reusable systems. In particular, the treatment of wastewater contaminated with
persistent organic pollutants (POPs), such as synthetic dyes, pesticides, and phar-
maceuticals, presents a significant challenge due to their high chemical stability,
toxicity, and resistance to conventional treatments. Photocatalytic processes based
on inorganic semiconductors have yielded satisfactory results in the degradation of
these pollutants; however, their implementation is limited by problems associated
with nanoparticle agglomeration, the difficulty of catalyst recovery, loss of activity
after several use cycles, and low efficiency under visible light. To overcome these
challenges, the integration of nanophotocatalysts into polymer matrices emerges
as an effective strategy for designing hybrid materials that combine structural sta-
bility, dispersion control, and functional synergy [1]. The aim of this work is to
design, synthesize, and evaluate hybrid compounds based on a crosslinked vinyl
polymer matrix and bismuth oxychloride (Bi;Osly) and zinc oxide (ZnO) semi-
conductor nanoparticles for the synergistic removal of organic pollutants through
combined adsorption and photocatalysis mechanisms under ultraviolet and visible
radiation. The materials were obtained from a vinyl acetate-butyl acrylate (VAc-
BA) copolymer, synthesized by semicontinuous emulsion polymerization [2|, in com-
bination with a polyethylene glycol diacrylate crosslinked N-vinylcaprolactam hy-
drogel (VCL-PEGDA). This polymer system acted as a structural matrix for the
immobilization and stabilization of the inorganic phases. BiyOzl, nanoparticles
were generated via hydrothermal synthesis [3|, while commercial ZnO was incorpo-
rated as a co-photocatalyst, forming a hybrid system with an enhanced photoac-
tive response. Methodologically, the hybrid compounds were prepared using a 23
factorial experimental design, considering variables such as nanoparticle loading
(5-10% w/w), semiconductor type, and dispersion conditions. This allowed for ho-
mogeneous dispersion within the polymer matrix, resulting in a structurally stable
and functionally active compound. The structural, optical, and thermal charac-
terization of the materials was performed using X-ray diffraction (XRD), UV-Vis
spectroscopy, thermogravimetric analysis (TGA), and contact angle measurements.
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The results showed that BisO5l; and ZnO nanoparticles have band gap energies of
2.72 eV and 3.25 eV, respectively, allowing them to be activated in different regions
of the electromagnetic spectrum. The compounds exhibited contact angles ranging
from 40° to 62°, indicating a moderately hydrophilic surface, favorable for adsorp-
tion processes in aqueous media, as well as thermal stability up to approximately
327 °C. Photocatalytic activity was evaluated using methylene blue as a model
contaminant. Under dark conditions (7 hours), an initial contaminant removal
of approximately 9-17% was recorded, attributed to adsorption processes on the
polymer matrix. Under ultraviolet irradiation (365 nm), the compounds achieved
degradation efficiencies of 77 to 99% after 180 minutes of treatment, while under
visible light irradiation (540 nm), values of 55 to 72% were obtained over the same
period. Kinetic analysis suggests that the degradation process follows a pseudo-
first-order model, indicating a mechanism dominated by the generation of reactive
oxygen species induced by the photoelectronic excitation of semiconductors. The
combination of pre-adsorption and photodegradation demonstrates a synergistic
effect directly related to the hybrid design of the material. The results show that
the developed nanostructured polymer compounds are efficient, reusable, and struc-
turally stable photocatalytic materials capable of integrating synergistic adsorption
and photocatalysis mechanisms. The immobilization of Bi4Osl; and ZnO nanopar-
ticles within a flexible polymer matrix overcomes the limitations associated with
traditional photocatalytic systems, demonstrating the potential of these hybrid ma-
terials for environmental remediation applications, offering reusable and low-energy
solutions for the sustainable treatment of pollutants in vulnerable ecosystems.

Table 1: Physical and thermal properties of the synthesized polymer-semiconductor composites: dimensions,
surface area, mass, contact angle, and maximum degradation temperature determined by TGA.

Diameter Thickness Surface area Mass Contact angle | Max. degradation
Material (mm} (mm) {mm?) (mg) () temp. ("C)
I G601 16004 644294171 T4G = O 466+ 1.2 328.2
B2 /by B4 =01 014005 6279.2410.0 1221 =7 4T.0 =09 3339
Br/Zn/®L BO5+£01 0.14£0.04 6291.0 £ 5.8 BlE = &8 504 £ 0.9 333.0
Br/ép /Py | 904£01 0142005 642114115 | 1429211 446 0.5 323.6
By /dp /@, | BBG6E£01 013004 616964+ 140 | BTD =13 G617 = 0.5 426.4
By/Zp /@y | 86201 014005 6307.1+10.5 1442 + 9 518+ 0.8 327.4
By /Zp/®; | 903201 013£0.04 64099+ 71 BEd £ 16 484 0.5 326.6
By /Zyfdy | 904201 0132005 6423.01+128 | 1458 £11 401 = 1.6 3106
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Figure 1: Comparison of methylene blue re-
moval efficiency (%) by the synthesized polymer-
semiconductor composites under UV irradiation
(365 nm). The white, gray, and dark bars repre-
sent the contributions of adsorption, photocatalysis,
and total removal efficiency, respectively. Error bars
indicate standard deviation (n = 3).
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Comparison of methylene blue removal capacity by composites under visible irradiation (540 nm).
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Figure 2: Comparison of methylene blue re-
moval efficiency (%) by the synthesized polymer-
semiconductor composites under visible light irradia-
tion (540 nm). The white, gray, and dark bars repre-
sent the contributions of adsorption, photocatalysis,
and total removal efficiency, respectively. Error bars
indicate standard deviation (n = 3).
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Abstract

Carbon nanotubes (C'NT's) are promising nanomaterials due to their exceptional
electrical and thermal properties, enabling applications in energy storage, smart
grids, and energy-efficient infrastructure [1|. The production of carbon nanotubes
(C'NTs) faces significant economic challenges due to the high cost of commercial
precursors and environmental impact. This study investigates a sustainable and
alternative route by utilizing recycled steel from industrial workshops as a low-cost
catalytic substrate. The methodology was structured into four consecutive stages:
first, the conditioning and ultrasonic cleaning of the steel substrates to eliminate
industrial contaminants; second, the synthesis of a cobalt and nickel thin films via
DC sputtering, aimed at obtaining a precursor layer with controlled nanometric
thickness to ensure uniform catalyst distribution [2[; third, a thermal annealing pro-
cess was applied to induce morphological restructuring of the metallic layer within
the temperature range of 400 °C to 1000 °C, promoting the formation of active
nucleation sites at the nanometric scale for both Ni/Steel and Co/Steel systems;
and fourth, the growth of CNT's via Chemical Vapor Deposition (CV D) at 750 °C,
using acetylene (CoHs) as the carbon source in an inert argon (Ar) atmosphere.
Raman spectroscopy analysis reveals the successful formation of carbon nanotubes
(CNT's) on the annealed and no annealed surfaces. The Raman spectra in Figure
1 confirm the formation of carbon nanotubes on the no annealed surface, as evi-
denced by the presence of the characteristic D (~ 1350 cm™), G (~ 1580 cm™!),
and 2D (~ 2700 cm™') bands [1]. The appearance of the 2D band further supports
the formation of multi-walled carbon nanotubes. The Raman spectra presented in
Figure 2 show a clear evolution of carbon nanotubes with increasing annealing tem-
perature [1]. This approach establishes a solid foundation for the development of
low-cost nanotechnology, allowing the final phase of structural and electronic char-
acterization to precisely determine which catalytic configuration optimizes electron
transport [3].
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Figure 1: Raman spectroscopic analysis of the synthe-
sis process. (a) Catalyst precursor state (black line):
Raman spectrum of the industrial steel substrate af-
ter conditioning and pre-annealing, showing a base-
line free of carbonaceous signals. (b) Post-synthesis
growth (blue line): Spectrum following chemical va-
por deposition (CVD), where the emergence of the
D, G, and well-defined 2D bands confirms the suc-
cessful nucleation of carbon nanotubes. The presence
of these features on the non-annealed surface demon-
strates the catalytic activity of the recycled steel.
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Figure 2: Structural evolution of CN'Ts as a function
of annealing temperature under 633 nm laser excita-
tion. The black line (a) represents the control sample
without annealing, establishing the baseline for cat-
alytic activity on the raw substrate. The colored spec-
tra (b-h) illustrate the evolution of CNT growth as
the annealing temperature increases from 400 °C to
1000 °C. This progression demonstrates that, while
growth is feasible without prior thermal treatment,
higher temperatures significantly optimize the crys-
tallinity of the carbon nanotubes, as evidenced by the
intensification of the 2D band and the clearer defini-
tion of radial breathing modes (RBM), characteristic
of high-quality, small-diameter structures.

Figure 3: Visual macrograph of the synthesized samples. Digital photograph of the recycled steel substrates
after the Chemical Vapor Deposition (CV D) process at different annealing temperatures (400 °C — 1000 °C).
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Abstract

Vitamins Bg and By are essential for physiological processes; however, their oral
administration presents challenges due to their high aqueous solubility and rapid
renal clearance [1].In another hand Xerogels, porous solid materials offer effective
platforms for catalysis, adsorption, and drug delivery systems [2]. Sol-gel science:
the physics and chemistry of sol-gel processing, London, Academic Press, pp. 510-
515). In this work, a hybrid alginate xerogel doped with carbon quantum dots
(CQDs) and carbon nanotubes (CNTs) was designed, synthesized, and character-
ized for the controlled release of these vitamins. CQDs were synthesized by thermal
treatment of rose stems (200 °C, 10h), while CNTs were obtained by synthesis with
nitrate precursors and functionalization with nitric acid. The xerogel was prepared
by ionic crosslinking with Ca?*, incorporating 0.01 % w/v of each nanomaterial
in a 2% sodium alginate matrix. The hybrid xerogel exhibited greater structural
stability than the pure control, forming thin sheets and well-defined spheres, with
lower swelling capacity (80 % vs 100 %). Fluorescence spectroscopy confirmed the
optical emission of the integrated CQDs. Electrical analysis revealed a conductiv-
ity of 107 Sem™! for the hybrid xerogel, superior to the control (1075 Scm™1)
and comparable to materials for electronic applications. FTIR characterization
showed similar spectra between the hybrid xerogel without vitamins B6 and B12
and the one containing them, attributable to the low concentration of vitamins
(0.01% w/v) and confirming the absence of new chemical bonds, which evidences
the physical integration of the vitamins into the alginate matrix. In vitro release
assays demonstrated that the hybrid xerogel released vitamins Bg and By, in a
prolonged manner over 24 h, in contrast to the pure xerogel which showed complete
reabsorption within 60 min. The hybrid system released 47 % less vitamin Bg and
52 % less vitamin By than the control, evidencing controlled release kinetics. These
results confirm the potential of the nanocomposite as a dual-functional material for
controlled drug delivery systems and bioelectronic applications.
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Figure 1: DC conductivity of xerogel films, reported Figure 2: Maximum release and percentage difference
as the mean of three sweeps. between QD+CNT xerogel and pure xerogel.

Figure 3: Xerogel with CQDs and CNTs. Figure 4: Xerogel without CQDs and CNTs.
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Abstract

Photovoltaics are a renewable, clean, and cost-effective energy source that does
not produce greenhouse gases or other pollutants. For these reasons, they make a
valuable contribution to sustainable development. Organic photovoltaic (OPV) so-
lar cells aim to create a solution that is environmentally friendly, has a lower energy
cost for production, and avoids the restriction of the theoretical limit on the max-
imum efficiency of silicon-based photovoltaics. In order to develop optimized OPV
materials, modeling the quantum efficiency of a solar cell using ab initio methods
to accurately describe their performance, i.e., photoinduced quantum transport, is
necessary. To address this problem, we require an accurate an efficient descrip-
tion of the optical absorption (OA) process, charge carrier generation, and the
resulting charge transport through an OPV. Herein we perform calculations at the
independent-particle approximation (IPA) level to describe the coupling to leads,
interaction with an external electromagnetic field, and resulting transmission prob-
ability through a conducting circuit within the non-equilibrium Green’s function
(NEGF) formalism. In this study, we employ a linear combination of atomic or-
bitals (LCAO) representation of the Kohn—Sham (KS) wave functions to obtain the
system’s density of states (DOS) and hamiltonian at the density functional theory
(DFT) level. With these quantities, we can obtain the system’s external quantum
efficiency (EQE), i.e., the fraction of incoming photons of a specific energy that
generate charge carriers. Specifically, we apply this approach to three candidate
low-dimensional OPV systems, i.e., (6,4), (8,4), and (10,2) single-walled carbon
nanotubes (SWCNTs), attached in the following plots. This work aims to con-
tribute to the computational design of novel low- dimensional OPV systems that
can significantly improve research and development in this field and enhance the
efficiency and performance of such devices.
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Figure 1: We illustrate the full External Quantum Ef-
ficiencie calculation procedure for this particular chi-
rality, revealing three principal energy regions where
absorption can take place, each one corresponding to
distinct excitation processes. From the color bar in
the transmission map, we can interpret the degree to
which incoming photons are efficiently converted into
charge carriers, based on the intensity and spread of
the overlapping regions observed.
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Figure 2: For the (10,2) SWCNT, offers a detailed
depiction of the EQE calculation pathway, where
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Figure 3: DOS of (6,4), (8,4), and (10,2) SWCNT. The z-axis represents the range of the energy in €V,
and the y-axis shows DOS in arbitrary units. The red arrows represent optical transitions between electronic
states, labeled here as F'11, E22, and E33, for each SWCNT, representing the first, second, and third allowed

optical transitions.

112



Acta Microscopica Vol.35, Supp.1, 2026
Abstract Book NSSY 2026 - Galapagos 17" -253% May 2026

Hard Carbon Derived from Banana Pseudostem (Musa
paradisiaca): A Sustainable Approach for Energy Storage
Materials
Luis Corredor-Gonzalez!, Juan Pablo Saucedo-Vazquez', Zaillmar Morales-Navarro!, M.

Fernanda Boésquez Céceres?, Y. Balladores?, Sabrina Acevedo?, Julio C. Chacén-Torres?,
Carlos Reinoso?, Joseph Granja-Vélez!

Y Yachay Tech University, School of Chemical Sciences and Engineering, Urcuqui 100119, Ecuador
Y Yachay Tech University, School of Physical Sciences and Nanotechnology, Urcuqui 100119, Ecuador
! Condensed Matter Physics Laboratory, Physics Center, Venezuelan Institute for Scientific Research

! Zulian Institute of Technological Research (INZIT), La Catiada de Urdaneta, Venezuela
joseph.granja@yachaytech.edu.ec

Abstract

Hard Carbon (HC) is a material of significant current interest due to its potential
applications in energy storage and electronic devices. In parallel, there is a grow-
ing accumulation of organic residues from the agroindustrial sector; in Ecuador,
it is estimated that more than forty million metric tons are produced every nine
months [1], originating from the banana industry, making it an abundant and low-
cost biomass. In this work, HC was synthesized from banana organic residues
(Musa paradisiaca) through thermal carbonization at different temperatures: 1100
oC, 1000 oC, 900 oC, 800 oC, and 700 oC, in order to evaluate the effect of this
synthesis parameter on the resulting microstructure and its influence on the desired
properties of the new material, which is crucial for understanding and optimizing
its performance in energy storage applications. The synthesized products were
characterized using a set of complementary techniques. Raman spectroscopy was
used to evaluate the structural quality of the material. The peak around 1580-1569
cm-t (Figure 1) corresponds to the G vibration, associated with the vibrations
of C bonds with sp2 hybridization (table 1.), characteristic of graphitic carbon.
XPS spectroscopy showed a decrease in sp3 hybridization C as the carbonization
temperature increased (Figure 2). Oxygen analysis in HC confirms its preference
for bonding to sp3 C located at the edges or in defects. FTIR was also used to
determine the functional groups on the HC surface. The structural analysis was
complemented by the XRD technique on polycrystalline samples, which provided
information on the crystalline arrangement of the product obtained. Finally, ther-
mogravimetric analysis provided data on the thermal stability of the material and
identified its thermal oxidation point, which is essential for understanding its behav-
ior in response to temperature changes. Unlike graphite, HC exhibits a structure
with structural defects and closed micropores that facilitate ionic storage, includ-
ing adsorption at defective sites and nanopore filling. These structural features
make HC compatible with larger-radius ions, such as sodium [2], positioning it as
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a key candidate for the development of more sustainable next-generation batteries,
particularly in view of the geopolitical, environmental, and economic limitations
associated with lithium-ion batteries. Additionally, preliminary studies on cation
adsorption were carried out using the synthesized HC, employing methylene blue
as a model molecule to evaluate the interaction of the material with positively
charged species in solution. The use of Hard Carbon as an anode material opens
the possibility for the development of more advanced energy storage systems, such
as solid-state batteries and sodium-based batteries, where structural stability of
HC and compatibility with the larger ionic radius of Na+ constitute relevant ad-
vantages.
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Figure 1: Raman spectra of HC prepared at different temperatures.

Table 1: Intensity ratio between G and D bands (IG/ID).

Sample G band intensity D band intensity I /Ip ratio

TIA 1043 938.5 0.8994
T28 1010 961.6 0.9524
T3A 853.4 806.2 0.9447
T4A 1015 990.8 0.9757
THA 747.9 738.9 0.9879
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Figure 2: XPS spectra of HC prepared at different temperatures.
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Abstract

Nitrogen is one of the most abundant elements in nature, accounting for ap-
proximately 78% of the Earth’s atmosphere. Nevertheless, due to its high stabil-
ity, molecular nitrogen (Nj) is unreactive, limited by its strong bond energy (945
kJ/mol) resulting from its triple bond (N=N) [1|. In nature, various organisms em-
ploy metalloenzymes to activate nitrogen; in particular, the enzyme nitrogenase,
which contains Mo, V, and Fe centers, enables the bioactivation of Ny and its sub-
sequent transformation |2, 3|. Additionally, metallic cations (alkali and alkaline
earth metals) play a significant role in the electronic polarization of Ny, stabilizing
its 7+ orbitals an essential step for its activation [3].

This study developed a computational approach to investigate M-N, systems,
including cooperative and multimetallic configurations. Structural, electronic, and
orbital parameters were evaluated with the goal of designing a prototype molecule
capable of efficiently activating Ny. Calculations were performed using the ORCA
v5.0.4 quantum chemistry package, employing the B3LYP functional and the def2-
TZVP basis set. In order to compute key properties such as N-N bond length,
bond order, vibrational frequency, electronic polarization, and orbital distribution
assessing how these factors influence nitrogen activation. Various systems were
explored, considering both the nature of the metal and its coordination mode (end-
on and side-on). Transition metals from groups 3 to 12 were studied, with notable
results for Y, Os, Hf, Fe, Pt, and Cu, which demonstrated moderate activation.
Additionally, cations such as LiT, Na®, K, Mg?", and Ca?* were found to induce
significant polarization effects. It was also observed that some metals with filled d
orbitals can attain energy levels comparable to those of Ny, thereby contributing
to its activation. Recent studies have explored various strategies for Ny activation,
each with its own advantages and challenges. Based on the analysis of the results,
this research aims to propose an efficient and sustainable strategy for nitrogen
activation. Identifying optimal conditions while integrating factors such as energy
efficiency, selectivity, scalability, and environmental sustainability as a foundation
for future experimental designs.
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Figure 1: N2 electron cloud modification to Side on and end on systems

@ @ dr

E’m‘” §|-| Q‘tx - - | | l
ng | ‘W" | -| $tdo | | °Q0 | e | | | l 0@ |
°Wo | om" | L& 2 r:,, z:,, ag | | |

Figure 2: N2 electron cloud modification to bridging end-on system
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Figure 3: N2 electron cloud modification to Multimetallic cooperative system (TM bridging end-on and
AM/AEM side-on system).
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Abstract

The health of many Andean communities in South America is compromised
by the consumption of volcanic waters with high fluoride concentrations, leading
to widespread cases of dental and skeletal fluorosis. This situation underscores
the urgent need for affordable and efficient defluoridation technologies suitable for
rural and resource-limited setting. In this study, we evaluated polyacrylonitrile
(PAN) membranes functionalized with synthetic hydroxyapatite (HAp) as adsorp-
tive materials for fluoride removal from aqueous solutions [1]. The membranes were
fabricated by electrospinning and subsequently functionalized with Hap. Their
performance was examined through batch adsorption experiments and incorpo-
rated into a low-cost filtration device manufactured using 3D-printed polylactic
acid (PLA). The filter operated under gravity-driven conditions, ensuring energy-
free water treatment. Experimental results showed that membranes containing
1.0% (w/v) HAp achieved fluoride removal efficiencies exceeding 80%. Adsorp-
tion data were well described by the Langmuir isotherm, indicating monolayer
adsorption, while kinetic analyses revealed a pseudo-second-order model, suggest-
ing physisorption as the dominant mechanism. Importantly, the gravity-fed filter
reduced fluoride concentrations from 20 ppm to 4 ppm when processing 1500 mL
of contaminated water per cycle, reaching values close to international drinking
water guidelines [2|. These findings demonstrate the combined advantages of PAN-
HAp membranes, including high-performance adsorption, material stability, and
straightforward integration into low-cost filtration systems. The proposed technol-
ogy offers a promising and scalable strategy to mitigate fluoride-related health risks
in vulnerable communities, contributing to safer water access and improved public
health outcomes.

118




Acta Microscopica Vol.35, Supp.1, 2026

Abstract Book NSSY 2026 - Galapagos 17" -253% May 2026

PAN/HAp Membranes for Fluoride Removal
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Abstract

Microplastic pollution is a significant and growing environmental concern. Polyethy-
lene terephthalate (PET) is one of the most prevalent microplastics, posing sub-
stantial risks to aquatic ecosystems [1|. A promising removal technique is magnetic
extraction, utilizing hydrophobic magnetic nanoparticles (MNPs) to adsorb mi-
croplastics for subsequent separation from water [2|. In this work we investigate the
adsorption of PET microplastics onto cobalt ferrite nanoparticles (CoFesO4 NPs)
using a combined computational and experimental approach. Density functional
theory (DFT) calculations will be employed to model the adsorption process and
determine optimal interaction parameters, with time-dependent density functional
theory (TDDFT), quasiparticle GW, and Bethe-Salpeter equation (BSE) methods
employed to obtain the optical absorption spectra. Experimentally, CoFe;O, NPs
will be synthesized, functionalized to enhance hydrophobicity, and applied in PET
adsorption studies, with the material’s adsorption efficiency thoroughly character-
ized using advanced analytical techniques. These findings aim to provide both a
fundamental understanding and an effective strategy for mitigating microplastic
contamination in water.

One/000 One/001 One/002 Two/000 Two/001

Figure 1: Modeling different adsorption configurations computationally
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Energy
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JPET/one/001 | 533508721 | -13.792319 | -518.508564 | -162.052448 | 661233261 | 0.672260 | 0.672260 | 26.800760 | 1.000000 | 1207838 | 0.535560 |20127343350. 0316
IPET/onef000 | _-532.81267 | -13.792319 | -516.508564 | -162.052448 | 661215064 | -0.654052 | _0.654052 | 26.162080 | 1.000000 | 0511987 | -0.142065 | 0003405 |0.00339314210627
JPET/one/002 | -533.265389 | -13.792319 | -518.508564 | -162.052448 | 681.256100] -0.695097 | 0.695007 | 27.803880 | 1000000 | 0.964506 | 0.260400 | 478755397 [0.09997911204330
JPET/wo0/000 | -532.886617 | -13.792319 |-518.508564 |-162.052446 | -660.924356 | -0.363346 | 0.363346 | 14.533840 | 1.000000 | 0585734 | 0.222388 | 7299.1996 |0.99986301744718
“/PET/wo/00L | -533.236464 | -13.792319 |-516.508564 | -162.052448 | 661303684 | 0.742672 | _0.742672 | 29.706880 | 1.000000 | 0.935581 | 0.192909 | 2244.7737 |0.99955471916279

Figure 2: Energy Values for the Adsorption Configurations
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Figure 3: (a) UV-vis spectra of PET at different concentrations, and (b) PET calibration curve.

Number of
Species LCAP PBE -D3 ENERGY (eV)
"L‘;'SIE’.T.' #V\{-Iaztgr MOEI:z:‘:; Energy(eV ) Energypp;lr_ unit off py ¢ per Molecule fmax

1 0 -13.0422 -140.3209 -140.3209 -140.3209 0.0000|

1 1 -13.0422 -154.0055 -140.9634 -140.9634 -0.6424 0.0221
2 1 -13.0422 -294.9471 -140.9525 -140.9416 -0.6207 0.0289
3 1 -13.0422 -435.8810 -140.9463 -140.9339 -0.6129 0.0290
4 1 -13.0422 -576.8725 -140.9576 -140.9915 -0.6706 0.0292
5 1 -13.0422 -717.8495 -140.9615 -140.9771 -0.6561 0.0298
6 1 -13.0422 -858.7645 -140.9537 -140.9149 -0.5940 0.0299
7 1 -13.0422 -999.7558| -140.9591 -140.9913 -0.6704 0.0288|
8 1 -13.0422 -1140.6945| -140.9565 -140.9387 -0.6177 0.0220
9 1 -13.0422 -1281.6886| -140.9607 -140.9941 -0.6732 0.0228|
10 1 -13.0422 -1422.7445| -140.9702 -141.0559 -0.7350 0.0295
11 1 -13.0422 -1563.5415| -140.9545 -140.7970 -0.4760 0.0279
12 1 -13.0422 -1704.5972| -140.9629 -141.0557 -0.7348 0.0291

Figure 4: PET Energies
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Abstract

In the landscape of theoretical chemistry, while covalent and ionic bonds con-
struct the skeletal framework of molecules, it is the intermolecular van der Waals
(vdW) interactions that govern supramolecular assembly and dynamics. These non-
covalent forces are the architects of soft-matter materials, the drivers of biochemical
recognition in pharmaceutical design, and the determinants of polymer folding. De-
spite their ubiquity and fundamental importance, vdW interactions—specifically
the dispersion component—remain challenging to describe fully using standard
Density Functional Theory (DFT) [1]. Typically, this component is introduced
ad-hoc through semi-classical corrections (e.g., Grimme’s D3) [2]. However, disper-
sion arises fundamentally from quantum mechanical electronic fluctuations, where
photon exchange mediates attractive forces across both the London (1/RS) and
Casimir—Polder (1/RT") regimes [3]. Theoretically, high-level quantum chemical
methods should naturally recover this effect by capturing the full correlation en-
ergy. This research aims to provide a first-principles description of dispersion in-
teractions by explicitly analyzing the excited-state symmetrized contributions to
the polarizability. By moving beyond ground-state approximations, we isolate the
specific electronic transitions that drive long-range molecular attraction. To in-
vestigate this, we established a computational protocol centered on the methane
dimer system using the ORCA 6.1 suite and the accurate ANO-RCC-QZP basis set.
We employed Complete Active Space Self-Consistent Field (CASSCF) calculations,
initialized with MP2 natural orbitals, and progressively expanded the active space
(from 2 to 12 orbitals) and the number of solved roots (up to 100 states). Pertur-
bative corrections (CASPT2) were applied to recover dynamic correlation. Group
theory was rigorously applied to enforce the correct topological description of the
molecular orbitals, ensuring consistency with theoretical literature. This approach
prevented the spurious orbital mixing observed in symmetry-broken calculations.
The monomer was treated under Dy symmetry (descent from T}) and the staggered
dimer under Cy, (descent from Dsy). A critical innovation in this workflow was the
development of a custom Python module to automate the post-processing of quan-
tum data. This tool extracts transition electric dipole moments and excitation
energies from the output to reconstruct the dynamic polarizability tensor a(iw) via
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the Sum-Over-States (SOS) formalism. To avoid resonance singularities present on
the real frequency axis, the integration was performed over the imaginary frequency
axis. The isotropic Cg dispersion coefficients were then determined by numerical
integration using the Casimir-Polder identity, and the resulting dispersion energies
were calculated in the London limit (Ey;s, &~ —Cs/R°). Results (Figure 1) indicate
a stark contrast in efficacy. The linear response TD-DFT method successfully re-
covers 95% of the reference dispersion energy (compared to the Hartree-Fock plus
London Dispersion, HFLD, benchmark). Conversely, wavefunction-based methods
face significant convergence challenges. Even with chemically robust active spaces
(e.g., CASPT2(8,12) with 20 states), the method recovers only 30% of the to-
tal dispersion. Analysis of the electronic response to the field (Figure 2) reveals
that while Multireference methods correctly describe the topological shape of the
a(iw) curve, the magnitude is significantly underestimated. This suggests that the
majority of the dispersion energy stems from excitations into high-energy diffuse
or virtual orbitals that lie outside the feasible valence active space. In conclu-
sion, while expanding the CAS active space helps identify the symmetry-adapted
excitations contributing to dispersion, the slow convergence of the correlation en-
ergy renders this approach computationally demanding. To surpass the efficiency
of TD-DFT, future wavefunction-based strategies must explicitly integrate triple
excitations or include diffuse orbitals in the active space to capture the dynamic
long-range correlation required for precise vdW descriptions.

Dynamic Electronic Polarizability
as a Function of Imaginary Frequency
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Figure 1: Methane dimer dispersion energy (D34, R = Figure 2: Dynamic electronic polarizability as a func-
3.703 A) tion of imaginary frequency.
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Abstract

Despite recent advancements in cancer therapies, a subset of patients develops
subsequent drug resistance and various adverse effects. Natural products and their
structural derivatives are increasingly recognized as promising anticancer agents,
given their antioxidant and anti-mutagenic properties [1-3]. Some fruits are used
as promising anticancer agents due to their antioxidant and antimutagenic proper-
ties. This work explores the potential of the fruit of Pourouma cecropiifolia Mart..
as a source of compounds with anticancer activity. The research covers: (i) phy-
tochemical profiling of hydroethanolic extracts from the peel, pulp, and seeds of
P. cecropiifolia Mart. using liquid ultra-performance chromatography quadrupole
time-of-flight mass spectrometry (UPLC-QTOF-MS); (ii) evaluation of antioxidant
and anticancer potential of the extracts against carcinoma cell lines (HeLa, RKO,
MCEF-7, and T47D); and (iii) in silico docking analyses with human cytochrome
P450 1A1 (CYP 1A1) and CYP 1B1. A total of 18 compounds were tentatively
identified by UPLC-QTOF-MS, including flavonoids, phenolic glycosides, lignans,
phenolic acids, terpenes, iridoid glycosides, proanthocyanidins, curcuminoids, and
naphthodianthrone. Molecular docking simulations identified nortracheloside and
epicatechin as potential inhibitors of CYP 1A1 and CYP 1B1, suggesting cyto-
toxic activity. The antiproliferation assay showed that pulp extracts had moderate
activity against human breast ductal cancer cells.
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Abstract

In this work, we investigate the use of tartrazine as an optical clearing agent |1,
2] to enhance imaging performance in optical coherence tomography (OCT). Light
scattering limits OCT penetration depth and contrast in biological tissues, par-
ticularly in heterogeneous media such as skin. Tartrazine, a water-soluble dye, is
explored as a simple approach to reduce these effects. Experiments are performed
using ex-vivo chicken breast tissue and ex-vivo rabbit eardrum as representative
models. Chicken tissue is used to evaluate optical clearing in a highly scatter-
ing environment, while the rabbit tympanic membrane provides a thin biological
structure with potential clinical relevance. Samples are treated with tartrazine so-
lutions and OCT imaging is conducted before and after application. Preliminary
observations indicate an increase in tissue transparency and improved OCT signal
penetration after treatment.

Figure 1: Photograph of ex-vivo chicken tissue. The sample on the left was immersed in water as a control,
while the sample on the right was immersed in tartrazine solution. Both samples are placed over a paper
with the word “HELLO” to illustrate differences in transparency.
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Figure 2: The control sample (left) treated with water remains opaque while the tartrazine-treated sample
(right) shows increased transparency, allowing improved visibility of the underlying features.
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Abstract

Sensitive skin is associated with impaired barrier function of the stratum corneum,
leading to recurrent inflammatory responses and increased vulnerability to external
aggressors such as environmental pollutants and ultraviolet radiation; this condi-
tion is highly prevalent, with approximately 71% of adults reporting some de-
gree of cutaneous sensitivity [1]. Moreover, conventional topical treatments for
sensitive skin, commonly focused on barrier repair or inflammation control, may
present challenges related to tolerability due to the presence of potentially irritat-
ing components, which has prompted interest in safer alternatives based on nat-
ural bioactive compounds. «-Bisabolol, a sesquiterpene derived from chamomile
(Matricaria chamomilla), exhibits anti-inflammatory, analgesic, and antioxidant
properties; however, its topical application is limited by its low solubility, high
volatility, and rapid oxidative degradation [2|. To overcome these limitations, its
encapsulation in solid lipid nanoparticles (<500 nm) may improve its protection
against degradation and promote deeper skin penetration. Furthermore, incorpo-
ration of these nanoparticles into a hydrogel matrix improves their retention and
homogeneous distribution on the skin surface, optimizing topical delivery [3]. In
this context, this study aimed to develop and characterize a hydrogel containing
a-bisabolol-loaded solid lipid nanoparticles for applications in sensitive skin. The
SLN was evaluated in terms of physicochemical properties, stability, antioxidant
and anti-inflammatory activity, while the rheological behavior of hydrogels was
also obtained. SLNs were prepared by hot emulsification followed by high-energy
application (homogenization/sonication), using glyceryl monostearate as the solid
lipid and combinations of Tween@®) 80 and phosphatidylcholine (PC) as surfactants.
A 3? factorial design was applied by varying the a-bisabolol concentration (1,2 and
4 pL/mL) and the Tween®) 80: PC ratio (1:0, 2:1 and 4:1). The formulations were
characterized in terms of average particle size (APS), polydispersity index (PDI),
and zeta potential (ZP) on day 0 and after 28 days of storage, and the formula-
tion with the best performance was selected. This formulation was subsequently
evaluated for suspension stability behavior over 5 days to define the appropriate
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period for hydrogel formation. Hydrogels were prepared using Carbopol®) 940
(0.1%, 0.2%, 0.3%,0.4% and 0.5% p/v), determining the critical gelation concen-
tration and performing rheological evaluation through oscillatory and rotational
tests. The formulations exhibited an initial APS ranging from 100 to 300 nm, with
PDI values between 0.2-0.3 and negative ZP (-15.7 to -20.0 mV). After 28 days of
storage, variations in these parameters were observed, including an increase in APS
and PDI, reflecting physical instabilities such as particle aggregation, particularly
in formulations without PC (Figure 1). The formulation containing 4 pL/mL of
a-bisabolol and a Tween®):PC ratio of 2:1 showed the most favorable storage stabil-
ity and was therefore selected for subsequent evaluations. This system shows good
stability throughout the 5-day evaluation period ideal for gel development. Regard-
ing the hydrogels, the critical gelation concentration was determined at 0.3% p/v
(Figure 2), and rheological analysis revealed good structural stability, pseudoplastic
behavior, and adequate resistance to shear stress associated with skin spreading, in-
dicating suitable performance during topical application (Figure 3). Overall, these
results demonstrate that the incorporation of 4 pL/mL of a-bisabolol into SLNs
with a Tween80®): PC ratio of 2:1 provides favorable physicochemical characteris-
tics. Furthermore, its incorporation into a hydrogel matrix results in a formulation
with desirable application properties for topical delivery, suggesting its potential as
a promising treatment for inflammation in sensitive skin.
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Figure 1: Evolution of average particle size (APS) and poly- Figure 2: Critical gelation concentration
dispersity index (PDI) of solid lipid nanoparticles at day 0 and of Carbopol®) 940 in hydrogels carrying
after 28 days of storage. BL, BM and BH indicate different con- a-bisabolol solid lipid nanoparticles.
centrations of a-bisabolol, while PCL, PCM and PCH indicate

different ratios of Tween ®) 80:PC.
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Figure 3: Rheological behavior via flow curve analysis of 0.3% Carbopol®) 940 hydrogel carrying a-bisabolol
solid lipid nanoparticles.
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Abstract

The effect of chitosan-based microgels, with and without encapsulated nutrients,
on early growth of Solanum lycopersicum (tomato) was assessed under LED wave-
lengths commonly used in controlled-environment agriculture: blue (A = 450 nm),
green (A = 525 nm), and red (A = 730 nm). The experiment was performed in a
closed, floating-root hydroponic system to isolate the combined influence of spec-
tral light quality and localized nutrient delivery. Red light produced the strongest
enhancement of seedling development, yielding the highest fresh weight (248.28
+ 31.51 mg) and stem height (3.65 £ 0.25 cm) when nutrient-enriched chitosan
gel (CS-NPK) was applied. These findings are consistent with the role of red
light in activating phytochrome-mediated responses that promote stem elongation
and biomass accumulation, while also underscoring how precisely tuned environ-
mental controls can boost hydroponic tomato performance in controlled systems
[1]. In contrast, blue light intensified leaf coloration, suggesting stronger photo-
morphogenic responses, whereas green light showed an intermediate effect on stem
biomass and height. Importantly, nutrient-loaded chitosan gels consistently out-
performed nutrient-free gels, highlighting microgel-mediated nutrient delivery as a
promising strategy to increase input efficiency and plant vigor. Given the grow-
ing relevance of hydroponics as a sustainable alternative to conventional soil-based
cultivation—particularly when paired with optimized nutrient delivery and envi-
ronmental control—this approach offers a scalable pathway toward more resource-
efficient tomato production [2].
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Figure 1: Modular LED-Controlled Growth Chambers for Early Seedling Development Under Defined Light
Spectra (450, 525, 730 nm and Broad-Spectrum 200-3000 nm)
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Figure 2: Response surface plots: combined effect of microgel Figure 3: Seedling leaves under different
type and light wavelength (\) on key growth parameters: a. wavelengths, a) ATA, b) NPK and c) CS.
and b. fresh weight (mg), c. and d. stem height (cm), e. and

f. number of leaves. (Left side figures correspond to day 7 (a,

¢, e); right side figures correspond to day 21 (b, d, f)).
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Abstract

The present review manuscript provides a systematic transition from conven-
tional Phase Change Materials (PCMs) to sustainable Bio-based Phase Change
Materials (BPCMs), ultimately focusing on the cutting-edge development of Nano-
enhanced Bio-based Phase Change Materials (NeBPCMs). The core of this work
aligns with the Nanostructured Materials category as it explores how the controlled
dispersion of nano-additives (such as carbon nanotubes, graphene, and metal-oxide
nanoparticles) creates a complex, high-surface-area internal architecture within the
bio-matrix.

As noted in the literature, the transition from bulk BPCMs to NeBPCMs is fun-
damentally a challenge of nanostructural design, where the "inclusion of nanopar-
ticles serves to overcome the low thermal conductivity inherent in organic matrices
through the formation of percolation networks". Furthermore, this review criti-
cally assesses the role of nanostructuring in enhancing the structural stability and
preventing leakage in Thermal Energy Storage (TES) and Cold Thermal Energy
Storage (CTES) applications [1].

The manuscript evaluates how the morphology and spatial distribution of these
nano-additives dictate the thermophysical performance of the composite, stating
that "the efficiency of TES systems is directly proportional to the interfacial ther-
mal resistance managed at the nanoscale". By integrating these multi-scale per-
spectives—from molecular interactions to macro-scale applications in renewable
energy systems |[2]—this review establishes a comprehensive framework for the de-
velopment of next-generation nanostructured thermal materials.
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Abstract

In the quest for sustainable solutions to global energy challenges, hybrid silicon-
organic diodes stand out as a transformative technology with the potential to
improve optoelectronic devices. By integrating light-trapping nanostructures and
conductive m-polymers, these diodes enable scalable and cost-effective approaches
for energy harvesting and sensing. However, interfacial heterogeneity and non-
ideal charge extraction at hybrid junctions often constrain performance. Here, we
design and characterize a layer-by-layer heterostructure diode with an n-Phos/p-
SINW@Ag/TEOS/PANI architecture that combines optimized silicon nanowire
(SINW) texturing for optical trapping with a robust hybrid top contact enabled
by Ag nanoparticle (AgNP) decoration and TEOS-assisted polyaniline integration.

To maximize optical confinement while minimizing series resistance, p-type single
side-polished Si wafers were textured by metal-assisted chemical etching (MACE).
The front surface was etched at room temperature in 4.8 M HF and 0.005 M AgNO3
for 10 to 120 s, followed by oxidation in 4.8 M HF and 0.1 M H50, for 30 min and
removal of residual Ag in 30% w/w HNO3. Optical response was evaluated by UV-
Vis diffuse reflectance to obtain the weighted-average reflectance (WAR%) and the
theoretical current-density limit Jsc,max. AgNPs were photoreduced onto SiINWs
from a bath containing 10 mM AgNO3, 0.19 mmol citric acid, and 0.5 mL of 40%
HF diluted to 250 mL, under xenon irradiation at 325 nm for 5 min, yielding the
SINW@Ag interface. Organic layers were incorporated by spin coating. Polyani-
line (PANI, emeraldine salt) was dissolved in 0.5% w/v formic acid for 48 h in
the dark, and a TEOS:IPA adhesion-promoter solution (3:7 v/v) was inserted be-
tween SINW@Ag and PANI. Finally, the wafer backside was phosphorus-doped by
controlled diffusion in a CVD furnace to form the n-p junction.

Characterization included UV-Vis diffuse reflectance (WAR% and Jsc,max),
AFM, SEM/EDX, Raman/SERS, XRD, four-point probe measurements (sheet re-
sistance), -V measurements, and EIS with equivalent-circuit fitting. Diffuse re-
flectance showed a systematic decrease in WAR% with increased MACE time, con-
sistent with enhanced optical trapping in the nanowire network [1]. The SINW-120
substrate exhibited WAR% = 22.24% and Jsc,max = 35.19 mA /cm?, indicating
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about 80% absorption. MACE increased sheet resistance from 108.7 ohm/sq (c-
Si) to 157.20 ohm/sq (SiNW), while Ag decoration reduced it to 28.76 ohm/sq
(SINW@Ag). Direct PANI coating increased resistance (SINW@QAg/PANI: 207.47
ohm/sq), whereas inserting TEOS reduced sheet resistance to 0.82 ohm/sq and
increased conductivity to 2300.97 S/m, highlighting the impact of interface engi-
neering on charge extraction.

After backside phosphorus diffusion, the final n-Phos/p-SINW@Ag/TEOS /PANI
diode showed improved rectification relative to n-Phos/p-SINW@Ag, including a
lower knee voltage (Vk: 1.6 V to 0.16 V), reduced leakage current (Ileak: 1.54x 10
A t0 9.05 x 107° A), a decreased ideality factor (n: 8.8 to 5.0), and an enhanced
current-based rectification ratio (Rrect-I: 26.75 to 36.39). EIS supported acceler-
ated interfacial transport after TEOS/PANI incorporation, with Rs decreasing to
19.75 ohm and Rp dropping from 8.13 x 10* ohm to 2.13 x 10* ohm, while the
capacitive response approached ideal behavior. Overall, optimizing SiNWs and
controlling the SINW@Ag/TEOS/PANI interface provides a practical pathway to
improve light capture and electrical performance in hybrid diodes, reinforcing the
central role of interfaces in high-performance hybrid optoelectronics.
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Figure 3: Three-dimensional AFM surface topogra- Figure 4: I-V characteristics of (a) n-Phos/p-
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Abstract

Thermoelectric materials can be used as an alternative sustainable energy source,
as they can convert waste heat into power. We performed density-functional the-
ory (DFT) calculations to study the layered calcium cobaltite (CazCosOq9). We
model this system using the generalized gradient approximation (PBE) functional
and meta-generalized gradient approximation (meta-GGA) R2SCAN functional. A
rational approximation for the supercell was considered to determine the structural
and electronic properties and the magnetic phases. The initial magnetic phases are
expected to relax to ferromagnetic, antiferromagnetic, and ferrimagnetic phases.
Considering the energy, we select the most likely phases, compute the band struc-
ture, and discuss it in light of the available experimental data. These results are
important for future work, as further calculations are expected to determine the
thermoelectric properties of calcium cobaltite [1].

Figure 1: Layered calcium cobaltite CagCosOg supercell (3/2) with CoO 2 octahedra highlighted.
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Abstract

Soil-borne fungal diseases represent a persistent challenge in sustainable agri-
culture due to their long-term survival structures and the limited effectiveness of
conventional chemical treatments. Nanotechnology-based delivery systems offer
new opportunities for targeted and stimuli-responsive release of agrochemicals, im-
proving efficacy while reducing environmental impact [1].

In this work, we propose a fungicidal nanoencapsulation strategy designed for
soil disinfection, where the nanocarrier responds selectively to biochemical signals
secreted by the pathogen. These fungal-derived metabolites, associated with growth
and nutrient acquisition, are expected to trigger the release of the active agent
directly at the infection site, thereby reducing off-target effects and unnecessary
chemical dispersion.

The proposed system is based on hybrid polymeric nanocapsules composed of a
calcium-crosslinked alginate matrix coated with a bioadhesive chitosan outer layer.
This architecture is designed to remain stable under neutral soil conditions while
potentially responding to mildly acidic microenvironments generated by pathogen
metabolic activity. As a model antifungal compound, timol, a naturally derived
phenolic agent with documented antifungal properties, was selected and encapsu-
lated within the polymeric core [2].

The proposed system is particularly relevant for the control of Spongospora sub-
terranea, the causative agent of powdery scab in potato crops, a pathogen charac-
terized by persistent resting spores and limited effective management options [3].
While the nanoencapsulated formulation has been successfully synthesized, exper-
imental validation under simulated soil conditions and field-scale characterization
are still ongoing.

This approach demonstrates the potential of bioresponsive nanomaterials as a
versatile platform for precision agriculture and could be extended to other soil-
borne fungal pathogens and crop systems.
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Figure 1: Schematic representation of the nanoencapsulated fungicidal system based on an alginate matrix.
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Abstract

In this research, a porous material was synthesized and evaluated as a promis-
ing system for controlled drug delivery, specifically addressing its structural sta-
bility challenges. The copper-based metal-organic framework (MOF) Cus(BTC),
(BTC = 1, 3, 5-benzenetricarboxylate), known as HKUST-1, is one of the most
widely studied systems due to its high surface area, pore volume, and the presence
of unsaturated Cu(II) sites with an affinity for coordinating molecules [1]. The
study focused on demonstrating the adsorption and encapsulation applications of
this material. Initially, solvothermal and hydrothermal synthesis mechanisms were
compared against modified variants to develop economically viable methods and
improve chemical stability against environmental factors [2]. In this context, a
mild synthesis method was implemented, which proved ideal for the purposes of
this research. The material was characterized using Powder X-Ray Diffraction
(PXRD), Thermogravimetric Analysis (TGA), and Infrared Spectroscopy (FTIR),
confirming the integrity of the crystalline structure and the presence of charac-
teristic functional groups. Furthermore, a systematic chemical stability study was
conducted using solvents of varying polarities (water, ethanol, hexane, and ace-
tone) via UV-Visible spectroscopy, identifying the optimal conditions to preserve
the porous network. The experimental phase continued with the design and ex-
ecution of two drug-loading methods: in situ (pre-synthesis) and post-synthesis,
using paracetamol as a model molecule. In the in situ strategy, the drug was inte-
grated during the MOF nucleation process, while in the post-synthesis approach,
encapsulation was performed by activating the vehicle and subsequently immersing
it in a drug solution [3|. Encapsulation efficiency was validated through a dual
approach: experimentally via PXRD, UV-Vis, TGA, and FT-IR. Results show an
80 percent of yield for the material synthesized by the mild method and 75 percent
for the in situ synthesis. Diffraction patterns confirmed the structure by indexing
the Miller indices correspond-ing to the HKUST-1 phase reported in the litera-
ture. Through UV-Vis stability kinetics, it was determined that ethanol is the
most suitable dispersion solvent, with an estimated material lifetime of 24 hours
before significant structural changes occur. TGA analysis quantified a loading effi-
ciency of 20 percent for the in situ method, which was superior to the post-synthesis
method performed at a known concentration of 4 ppm. Release tests, conducted
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in phosphate-buffered saline (PBS), provide the foundation for defining the mate-
rial’s potential in biomedical applications. As a preliminary conclusion, HKUST-1
demonstrates a remarkable capacity for drug encapsulation, positioning itself as a
versatile platform in nanomedicine. This work represents the beginning of a re-
search line that seeks to combine the porosity and mechanical stability of inorganic
networks with the biodegradability and solubility control required for advanced
therapeutics [4]. Finally, future theoretical calculations within this study will al-
low for the correlation between pore size and the drug’s molecular volume, further
validating encapsulation efficacy.
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Abstract

The increasing presence of endocrine disrupting compounds in aquatic environ-
ments represents a critical challenge for environmental sustainability and public
health. Among these contaminants, bisphenol A (BPA) is widely detected in in-
dustrial wastewater and natural water bodies due to its extensive use in polymer
manufacturing and its resistance to conventional treatment methods [1]. Advanced
oxidation processes based on semiconductor photocatalysis have emerged as promis-
ing alternatives for water remediation, particularly when driven by visible light to
reduce energy consumption and improve environmental compatibility [2]. In this
context, bismuth oxyhalides have attracted considerable attention due to their lay-
ered crystal structures, suitable band gaps, and chemical stability under irradiation
conditions [3].

The aim of this work is to develop and evaluate sustainable photocatalytic sys-
tems based on BiOI/BiOBr heterojunctions immobilized in a poly(vinyl alcohol)
(PVA) matrix for the visible light driven degradation of BPA in water. The study
seeks to elucidate the role of heterojunction formation on photocatalytic perfor-
mance by systematically comparing different halide ratios with single component
control materials, namely PVA@QBiOI and PVA@BiOBr. This approach enables
isolation of the contribution of interfacial charge separation to pollutant removal
efficiency, thereby strengthening the causal interpretation of the results.

The photocatalytic materials were synthesized using a hydrothermal method,
enabling the simultaneous formation of BiOI, BiOBr, and BiOI/BiOBr hetero-
junctions directly in the poly(vinyl alcohol) (PVA) matrix, with controlled halide
ratios (3:1, 2:1, and 1:3). This incorporation ensures effective immobilization, en-
hanced mechanical stability, and improved applicability for sustainable water treat-
ment. Structural and interfacial features were examined using X-ray diffraction
(XRD), Raman spectroscopy, scanning electron microscopy (SEM), and Fourier
transform infrared spectroscopy (FTIR). Optical properties were evaluated by dif-
fuse reflectance spectroscopy (DRS) to determine the optical band gap (E,), Urbach
energy (Fy ), and weighted average reflectance (WAR). Photocatalytic activity was
assessed through BPA degradation under visible light irradiation following a dark
adsorption stage.
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The photocatalytic performance is dominated by the optimized heterojunction
system, BiOI/BiOBr@PVA (3:1), which achieved approximately 39% BPA removal
under visible light irradiation, clearly outperforming all other compositions as
shown in Figure 2. This enhanced activity is supported by complementary struc-
tural, optical, and kinetic analyses. FTIR spectra confirm strong interfacial inter-
actions between PVA and the bismuth oxyhalides, evidenced by shifts and intensity
changes in the O-H and C-O vibrational bands, indicating effective immobiliza-
tion and chemical coupling within the composite matrix. XRD analysis reveals the
coexistence of well defined tetragonal BiOI and BiOBr phases without secondary
phases, with an estimated crystallite size favoring efficient charge transport across
the heterointerface.

Optical characterization further explains the superior performance of the 3:1
heterojunction. As shown in Figure 1, diffuse reflectance spectroscopy yields an
optical band gap of approximately F, ~ 2.73 eV, enabling effective visible light
absorption, while a reduced weighted average reflectance for BiOI/BiOBr@PVA
(3:1) (WAR = 61.41%) indicates minimized photon losses compared to the other
compositions. In addition, the Urbach energy for the optimized composite (Ey ~
0.131 eV) suggests a relatively low density of sub-band-gap defect states, limiting
non-radiative recombination. The photocatalytic reaction follows pseudo first order
kinetics, with an apparent rate constant of k = 4.47 x 1072 s~!, corroborating the
efficient utilization of photogenerated charge carriers . Collectively, these quantita-
tive results summarized in Table 1, demonstrate that the synergistic combination
of optimized heterojunction architecture and PVA immobilization is responsible for
the enhanced BPA degradation efficiency observed for the PVA@QBiOI/BiOBr (3:1)
system.

In conclusion, this work demonstrates that BiOI/BiOBr heterojunctions immo-
bilized in a PVA matrix constitute an effective and sustainable strategy for the
visible light driven degradation of BPA in water. The inclusion of single com-
ponent control materials confirms that the enhanced performance arises primarily
from interfacial charge separation rather than from individual photocatalyst prop-
erties alone. By combining efficient pollutant removal with low energy operation
and environmentally compatible materials, the proposed system contributes to the
development of advanced water treatment technologies aligned with sustainability
goals. The findings highlight the potential of heterostructured photocatalysts for
addressing emerging water contamination challenges in a resource efficient manner.
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Table 1: Summary of optical and kinetic parameters
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of BiOI/BiOBr heterojunction photocatalysts immo-
bilized in PVA.
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Abstract

Gas diffusion layers (GDLs) are essential components in a wide range of electro-
chemical systems, where they play a critical role in charge transport, gas manage-
ment, and mechanical support at the electrode interface. Typically composed of
porous and electrically conductive materials, GDLs are positioned between the cat-
alyst layer and the current collector, enabling efficient reactant distribution, elec-
tron transport, and removal of gaseous species generated during electrochemical
reactions. One of the main limitations affecting the performance of electrochemical
devices is the presence of ohmic losses, which originate from the intrinsic electri-
cal resistance of cell components and hinder efficient electron transport through
the electrode assembly. In particular, a high electrical conductivity of the GDL is
required to minimize ohmic losses and contact resistance with adjacent layers, as
widely reported in the literature [1]. Consequently, the development of strategies
to enhance the conductive properties of GDL membranes has become an impor-
tant research focus in electrochemical materials science, aiming to improve overall
device efficiency and durability.

The aim of this work is to improve the electrical conductivity of GDL mem-
branes through the deposition of conductive salts. To achieve this objective, two
electrodeposition techniques are investigated: pulsed potentiostatic electrodeposi-
tion and continuous (direct) current electrodeposition. Electrodeposition represents
a versatile surface modification strategy, enabling the controlled incorporation of
conductive species onto porous substrates while maintaining their functional archi-
tecture. The comparative evaluation of pulsed and continuous deposition modes
allows assessment of the influence of deposition conditions on the electrical and
structural properties of the modified GDL membranes.

The electrodeposition process is carried out using a three-electrode electrochem-
ical cell operated under either pulsed potential or continuous current conditions.
This configuration allows precise control of key parameters, including applied po-
tential, pulse duration, and relaxation time. Prior to deposition, GDL membranes
undergo surface cleaning and activation to ensure reproducibility and promote ad-
hesion between the deposited material and the carbon substrate. Pulsed electrode-
position is particularly advantageous for porous materials, as it enables improved
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control over deposition kinetics and mass transport, reducing the risk of excessive
growth and pore blockage [2].

Electrochemical characterization is performed using cyclic voltammetry to eval-
uate the charge transport behavior of the pristine and modified GDL membranes.
The voltammograms presented in Fig. 1 show a linear and symmetric current—
potential response, indicating a dominant ohmic behavior with negligible faradaic
contributions. Cu-modified GDLs display higher current responses compared to the
pristine membrane, evidencing an improvement in electrical conductivity. Among
the modified samples, the GDL prepared via pulsed electrodeposition shows the
highest slope in the voltammograms, confirming enhanced electron transport prop-
erties compared to both the untreated GDL and the continuously deposited coun-
terpart.

Morphological characterization is carried out using atomic force microscopy
(AFM) to analyze surface coverage and microstructural features of the pristine and
Cu-modified GDL membranes. The AFM images shown in Fig. 2 reveal that the
untreated GDL consists of a fibrous carbon network with a highly porous structure
and smooth fiber surfaces, confirming the absence of surface deposits. Continuous-
current electrodeposition results in partial and non-uniform coverage, characterized
by localized deposits along the carbon fibers. In contrast, pulsed electrodeposition
leads to a more homogeneous distribution of the deposited material across the
GDL surface. Complementary chemical analyses further confirm the presence and
stability of the electrodeposited layer on the modified membranes.

In conclusion, both pulsed and continuous electrodeposition techniques enable
successful incorporation of conductive material onto GDL membranes, as confirmed
by electrochemical and morphological analyses. However, pulsed potentiostatic
electrodeposition results in a more uniform surface coverage and a greater im-
provement in electrical conductivity. These findings prove that electrodeposition,
particularly under pulsed conditions, is an effective approach for enhancing the
conductive properties of GDL membranes and mitigating ohmic losses in electro-
chemical systems.
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Figure 1: Cyclic voltammograms comparing the electrochemical response of pristine GDL and Cu-modified
GDL membranes prepared by continuous and pulsed electrodeposition.
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Figure 2: AFM images of (a) GDL membrane, (b) Cu-modified GDL obtained by continuous current elec-
trodeposition, and (¢) Cu-modified GDL prepared by pulsed electrodeposition. The images reveal differences
in surface coverage and material distribution induced by the deposition technique.
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Abstract

Biological systems provide an attractive platform for producing functional car-
bon materials while simultaneously addressing challenges related to carbon dioxide
mitigation and waste valorization. Microalgae-based systems and biomass-derived
carbons enable the conversion of renewable feedstocks into carbonaceous materials,
bridging biological CO, capture with the engineering of porous solids for environ-
mental and materials science applications [1, 2]. The aim of this work was to
integrate two complementary research streams: microalgae-based CO, capture and
waste-biomass-derived biosorbent production, in order to demonstrate a unified
bio-to-nano pathway for generating nanostructured carbon materials with distinct
functional roles, ranging from carbon sequestration to liquid-phase adsorption. In
the first research stream, Chlorella spp. microalgae were cultivated in a coupled
gas—liquid photobioreactor system operated for nine weeks under elevated CO5 con-
centrations. Two laboratory-scale reactors, each consisting of a 1 L liquid phase
and a 1.7 L gas phase, were supplied with a gas mixture containing approximately
10% CO,. Under these conditions, photosynthetic carbon fixation yielded 7.47 g
of dry algal biomass, corresponding to a cumulative CO5 uptake of 13.52 g. The
harvested biomass was dried and pyrolyzed at 450 °C for 60 minutes under a ni-
trogen atmosphere, producing a stable algal biochar and illustrating the conversion
of biologically captured carbon into a solid carbonaceous product [1]. The second
research stream focused on the production of nanostructured biosorbents from non-
algal waste biomass, including clove rods, walnut shells, orange peels, and spruce
cone husks. Following drying and size reduction, approximately 50 pyrolysis ex-
periments and 20 activation experiments were conducted in a quartz tube furnace
to ensure reproducibility. Pyrolysis was carried out at 850 °C under nitrogen flow,
followed by COs physical activation at the same temperature to induce controlled
pore development through carbon gasification, a well-established route for tailor-
ing porosity in biomass-derived carbons [2|. The resulting materials were charac-
terized in terms of mass yield, textural properties, and adsorption performance.
Adsorption capacity was evaluated using the Methylene Blue test, while nitrogen
adsorption measurements were used to determine BET surface area. Activated
biosorbents exhibited a strong enhancement in both surface area and dye uptake
compared to their corresponding chars, with adsorption capacities reaching up to
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782 mg g~ !. However, materials showing extreme increases in BET surface area did
not necessarily exhibit proportional improvements in dye adsorption, reflecting lim-
itations associated with pore size distribution and accessibility for larger adsorbate
molecules, as described for methylene blue-based assessments [3]. Beyond adsorp-
tion capacity and surface area metrics, the comparative analysis of different biomass
precursors highlights the role of nanoscale pore architecture in determining material
functionality. Despite undergoing identical thermochemical treatments, the result-
ing carbons exhibited markedly different responses to activation, underscoring the
influence of precursor composition on pore formation mechanisms. In particular,
the contrast between materials displaying balanced micro-mesoporosity and those
dominated by microporosity reveals critical limitations for the adsorption of larger
organic molecules. These observations emphasize that surface area alone is insuffi-
cient to predict performance, and that pore accessibility, connectivity, and surface
chemistry must be considered when designing bio-derived nanostructured carbons
for targeted applications. Such insights are especially relevant for the rational en-
gineering of biosorbents intended for liquid-phase remediation and highlight the
importance of precursor selection and process control in nanomaterials design. In
contrast, algal biochar was not optimized for adsorption applications but demon-
strated effective stabilization of biologically assimilated COs into a solid carbon
matrix. Overall, this work presents a coherent framework linking biological CO,
capture, thermochemical conversion, and the engineering of nanostructured carbon
materials. The results emphasize that effective material performance emerges from
the interplay between pore structure, accessibility, and processing strategy, high-
lighting sustainable pathways for the development of functional carbon materials
from bio-derived feedstocks.
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Figure 1: General scheme of experiments illustrating the preparation of waste biomaterials, pyrolysis under
nitrogen atmosphere, and subsequent CO» activation leading to the production of nanostructured biosorbents.
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Biomass  BET surface ~ BET surface ~ Methylene Blue =~ Methylene Blue

precursor  area (char)  area (activated)  number (char) number
(m’g) (m%g) (mg/g) (activated)
(mg/g)
Clove rod 12.739 188.170 207 647
Walnut 138.930 423.514 127 237
shells
Orange 0.567 325556 527 782
peel
Spruce 34.402 495514 223 658
cone husks

Figure 2: BET surface area and methylene blue adsorption capacity of chars and CO2-activated biosorbents
derived from different waste biomass precursors. The data demonstrate strong precursor-dependent responses
to physical activation. While activation leads to substantial increases in BET surface area for all materials,
particularly for orange peel-derived carbons, adsorption performance does not scale proportionally with
surface area. This behavior highlights the influence of pore size distribution, pore accessibility, and surface
chemistry on dye uptake.
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Abstract

Laser Beam Induced Current (LBIC) mapping has been used as an advanced,
spatially resolved electrical characterization technique capable of revealing local
photoelectrical phenomena that remain inaccessible to conventional macroscopic
measurements. By scanning a tightly focused laser beam across the device surface
and recording the corresponding induced current, LBIC enables a direct correlation
between local charge collection efficiency and material or process induced inhomo-
geneities [1]. This high sensitivity to localized recombination, electrically active
defects, and transport limitations makes LBIC particularly valuable for the charac-
terization of non-standard or reprocessed photovoltaic materials [2|. In the case of
recycled silicon solar cells, where complex recycling steps may introduce subtle yet
electrically significant degradation, LBIC provides a powerful diagnostic approach
to evaluate the true impact of material reuse. Moreover, beyond qualitative imag-
ing, LBIC data can be analyzed quantitatively to extract minority carrier transport
parameters, reinforcing the technique’s role as a comprehensive tool for advanced
materials characterization. In this work, LBIC is applied to evaluate the electri-
cal impact of recycling processes on a p-type crystalline silicon solar cell through
spatial mapping of the induced photocurrent and quantitative transport analysis.
The experimental LBIC setup and the operating principle of the technique are
presented in Figure 1, including (a) the LBIC setup and (b) a schematic represen-
tation of the system functionality. The system employs a tightly focused laser beam
with controlled wavelength and power, which is raster-scanned across the solar cell
surface with micrometric spatial resolution. At each position, the locally induced
photocurrent is recorded under short-circuit conditions, allowing the construction
of high-resolution current maps directly linked to carrier collection efficiency. This
configuration enables a sensitive, contact-based yet non-destructive electrical prob-
ing of the photoactive area, positioning LBIC as a powerful tool for the spatially
resolved characterization of electronic and optoelectronic semiconductor materials.
Figure 2 presents the main LBIC results, including (a) the induced current map
and (b) the corresponding reflected light map of the recycled p-type silicon so-
lar cell. The induced current map reveals a pronounced spatial non-uniformity in
photocurrent generation, with localized low-current regions distributed across the
device area. These regions are not correlated with variations in optical reflectance,
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indicating that the observed losses are primarily of electrical origin rather than
optical shading effects. The local photocurrent exhibits a non-uniform response,
highlighting the presence of electrically active defects and recombination-enhanced
zones likely introduced during the recycling process. Such low-current regions can
be attributed to fabrication-related defects, including bulk recombination centers,
surface damage, or metallization-related inhomogeneities. Beyond qualitative de-
fect identification, the LBIC data are further exploited to estimate the minority
carrier diffusion length of the recycled cell. Following a previously established
methodology, the busbar is used as an effective groove to analyze the lateral de-
cay of the induced current [3|. Figure 3 shows (a) a selected line scan extracted
from the LBIC map and (b) its exponential fitting, from which the diffusion length
is determined. This approach provides a direct, contact-free evaluation of carrier
transport properties in recycled silicon devices. Overall, this study demonstrates
that LBIC is an effective diagnostic tool for both defect visualization and quan-
titative transport analysis in recycled silicon solar cells, offering valuable insights
into the electrical consequences of recycling processes and their impact on device
performance.

=

0.0 2.5 5.0 75 100 125
Distance from busbar (um)

Figure 1: a) LBIC setup and b) Figure 2: LBIC images: a) Induced Figure 3: a) Linea profile and b)
setup schematic representation Current and b) reflected Light LBIC line plot and exponential fit
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Abstract

Nitrogen-doped multi-walled carbon nanotubes (N-MWCNTS) were produced
by aerosol-assisted chemical vapor deposition (AACVD). N-MWCNTs were grown
at high temperatures (900 °C and 1020 °C) using nickelocene, benzylamine, and
thiophene as precursors. The morphology, structure, composition, and surface
chemistry of the N-MWCNTs were characterized using Scanning Electron Mi-
croscopy (SEM), X-Ray Diffraction (XRD), Fourier Transform Infrared (FT-IR)
spectroscopy, Raman spectroscopy, and electrochemical measurements, including
Cyclic Voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS). The
N-MWCNTs exhibited a rough surface with Ni-based nanoparticles. The SEM im-
ages revealed morphological differences induced by the growth temperature. At
900 °C, the nanotube diameter was approximately 40 nm, with an entangled struc-
ture and exhibited a rough surface with bamboo-like features, suggesting periodic
modulation along the tube length. This morphology is due to the incorporation
of nitrogen and the catalytic effects that favor the formation of compartmental-
ized structures [1|. The observed roughness can also be attributed to the anchored
nanoparticles. In contrast, at 1020 °C, the N-MWCNTs appeared thicker and more
robust, with a smoother surface texture and larger diameter ( 100 nm). The appar-
ent reduction in the external roughness at higher temperatures could be related to
the enhanced graphitization and metal nanoparticle sintering. The XRD patterns
revealed that both the samples exhibited a broad reflection centered at approxi-
mately 26°, corresponding to the (002) graphitic plane of carbon, confirming the
presence of turbostratic carbon domains with varying degrees of structural order
[2], and NiS2. In addition, the Ni3C crystallographic phase was identified at 900°C
[3]. The Ni3C nanoparticles catalyzed the growth of carbon nanotubes, whereas
the NiS2 nanoparticles were anchored to the surface. Raman spectroscopy revealed
a significant contribution from sp3 carbon materials.

CV curves of the N-MWCNTs synthesized at 900 °C and 1020 °C were mea-
sured at different scan rates ranging from 5 to 100 mV /s. CV profiles at 900 °C
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exhibit a nearly rectangular shape without defined redox peaks, indicating a typ-
ical electrical double-layer capacitive behavior. This suggests that charge storage
occurs primarily through the surface adsorption/desorption of ions, with minimal
Faradaic contributions. The proportional increase in the current response with
the scan rate confirms good electrochemical stability and capacitive efficiency. In
contrast, the CV curves at 1020 °C exhibited prominent redox peaks, reflecting
faradaic charge storage associated with reversible redox reactions. The redox ac-
tivity increases with higher scan rates, suggesting fast, reversible electron transfer.
This Faradaic behavior is consistent with the enhanced crystallinity and surface
chemistry of the high-temperature sample, as previously confirmed by Raman and
XRD analyses. These results highlight the critical influence of growth temperature
on the electrochemical mechanisms of hybrid materials. These findings reveal ex-
citing possibilities for the use of N-MWCNTs in energy storage. By demonstrating
that the electrochemical functionality (from capacitive to Faradaic) can be tailored
through the synthesis temperature, this work provides both fundamental insight
and a practical blueprint for designing advanced application-specific electrodes.
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Figure 1: (a-b) SEM micrographs showed that the N-MWCNTSs exhibit random growth with a rough surface.
(c-d) X-Ray diffraction refers to the typical crystallographic planes of graphitic materials, and the crystal-
lographic cards used for Ni3C and NiS2 are JCPDS 06-0697 and JCPDS 11-0099, respectively. (e-f) Cyclic
voltammetry at different scan rates of N-MWCNTs synthesized at (e) 900 °C and (f) 1020 °C. At 900°C, a
significant increase in the electrochemical surface area is observed compared to a higher temperature.
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Abstract

Rare earth elements (REEs) exhibit very similar chemical properties while dis-
playing markedly different physical behaviors, which makes them attractive for
applications in optics, sensing, and advanced functional materials. In particular,
europium (IIT) complexes are widely studied due to their sharp emission lines and
long excited state lifetimes. However, the intrinsic ff transitions of lanthanide ions
are parity forbidden, resulting in weak direct absorption. This limitation can be
overcome by coordinating lanthanide ions with organic ligands that act as sensi-
tizing antennas, efficiently absorbing excitation energy and transferring it to the
metal center [1].

In this work, we investigate the effect of partially substituting optically active
Eu?t ions with optically inactive La3t ions on the structural and optical proper-
ties of heterometallic luminescent antenna complexes Eu,La_,)TTAszPhen, with
potential application in latent fingerprint detection (LFPs). Previous studies have
shown that partial substitution of Eu* with optically inactive rare-earth ions such
as La®T can significantly modify the structural and photophysical properties of
heterometallic antenna systems [2].

A straightforward and reproducible synthesis route was developed to obtain a se-
ries of complexes with varying Eu/La ratios while preserving the same coordination
framework. Structural and chemical characterization was performed using X-ray
diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR). XRD pat-
terns revealed well-defined diffraction peaks for all compositions, indicating high
crystallinity and the preservation of the crystal structure upon La®** incorporation.
Minor peak shifts were observed as the Eu/La ratio varied, suggesting an isostruc-
tural substitution of Eu* by La?" ions within the lattice without the formation
of secondary phases (Figure 1). FTIR spectra confirmed successful coordination
between the metal centers and the TTA and phenanthroline ligands, with subtle
variations in vibrational bands reflecting changes in the local chemical environment
induced by rare-earth doping (Figure 2).

The optical properties of the Eu,La _,) TTA3zPhen complexes were studied using
photoluminescence spectroscopy under UV excitation at 365 nm. All samples ex-
hibited the characteristic emission bands of Eu®* corresponding to the °Dy — "F
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transitions, with the hypersensitive °Dy — “Fy transition dominating the emission
spectra (Figure 3). A systematic variation in emission intensity and spectral fine
structure was observed as a function of La®* content, indicating that partial substi-
tution effectively modifies the local symmetry and energy-transfer efficiency within
the antenna system. In addition, the measurements revealed changes in excited-
state lifetimes, suggesting a reduction of non-radiative deactivation pathways for
specific Eu/La ratios.

These results demonstrate that controlled La3t doping provides an effective
strategy to tune both the structural and luminescent properties of Eu-based an-
tenna complexes. The optimized compositions exhibit enhanced emission perfor-
mance, making them promising candidates for high-contrast luminescent visualiza-
tion of latent fingerprints [3|. This study highlights the potential of heterometallic
rare-earth antenna systems as advanced functional materials for forensic and optical
sensing applications.
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Figure 1: X-ray diffraction (XRD) patterns
of EuyLa(_, TTAsPhen complexes with varying
Eu/La ratios. All samples display well-defined

diffraction peaks, confirming their crystalline nature.
The absence of additional peaks indicates no sec-
ondary phases are formed. Slight shifts in peak po-
sitions suggest an isostructural substitution of Eu3*
by La?t within the lattice.

Figure 2: Fourier-transform infrared (FTIR) spectra
of Eu,La(_,)TTAzPhen complexes with different
Eu/La ratios. The spectra show characteristic vibra-
tional bands associated with the TTA and phenan-
throline ligands, confirming successful coordination.
Subtle changes in band position and intensity reflect
modifications in the local chemical environment in-
duced by La3* substitution.
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Figure 3: Photoluminescence emission spectra of Eu,La(;_;)TTAzPhen complexes recorded under UV ex-
citation at 365nm for different Eu/La ratios. All samples exhibit the characteristic Eu3* emission bands
corresponding to the Dy — “F; transitions, with the hypersensitive °Dy — “Fo transition dominating the
spectra. Variations in emission intensity and spectral profile are observed as a function of La®* content,
indicating modifications in the local coordination environment and energy-transfer efficiency.
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Abstract

Microplastics, defined as plastic particles smaller than 5 mm, including nanoplas-
tics below 1 pm, have become one of the main environmental threats due to their
extensive production and improper disposal of plastic materials. Their presence,
now detected in water sources, food, and biological systems, has raised increasing
concerns about their impact on ecosystems and human health (Vethaak & Legler,
2021). Despite this growing awareness and potential risks, reliable solutions and
strategies remain insufficiently developed. Solving these problems requires the in-
vestigation of sustainable and local resources capable of efficient microplastic re-
moval from water.

In this study, we investigate a low-cost remediation approach to microplastic re-
moval using magnetic nanoparticles derived from the naturally titaniferous sands of
Anconcito, Ecuador. After different analyses of these sands, it was found that they
contain promising magnetic properties due to their composition, including high
concentrations of magnetite (Fe3O,) and ilmenite (FeTiO3), known for their mag-
netic responsiveness and adsorption potential, which are enhanced during nanopar-
ticle synthesis. The process of magnetic nanoparticle synthesis was carried out
through a top-down ball-milling process selected for its simplicity and scalabil-
ity. Seven nanoparticle samples of different sizes were prepared depending on the
milling time; these samples corresponded to 4, 8, 12, 16, 32, and 52 hours, all at
the same frequency. After this, all samples were functionalized with polyethylene
glycol (PEG) to improve surface affinity in water while preserving the magnetic
properties required for efficient preparation.

The characterization provided Scanning Electron Microscope images (SEM) of
the sand, also using X-Ray Diffraction (XRD) the crystal structure of the sam-
ples and its evolution during the ball-milling process were analyzed, revealing a
gradual loss of its structural order associated with the mechanical synthesis pro-
cess used. Fourier Transform Infrared (FTIR) was performed to confirm mineral
composition and to ensure that the functionalization was successful, its character-
istic peaks showed that the functionalization was correctly carried out by reveal-
ing the characteristic PEG peak. The study established calibration curves using
UV-Vis spectroscopy for polyethylene terephthalate (PET) and polystyrene (PS)
microplastics dispersed in water. Furthermore, several experiments were carried out
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using controlled concentrations of microplastics dissolved in water and both func-
tionalized and non-functionalized nanoparticles. Among all tested samples, PEG-
functionalized nanoparticles milled for 12 hours presented the highest microplastic
removal efficiency, achieving 97.08% adsorption for PET, significantly outperform-
ing the untreated samples, showing the critical role of nanoparticle synthesis and
surface modification. Overall, this study demonstrates that Ecuadorian titanifer-
ous sands are a promising sustainable resource for magnetic separation technolo-
gies aimed at microplastic remediation. Moreover this study shows how controlled
nanoparticles synthesis and surface functionalization improve adsorption efficiency.
In addition this works contribute to magnetic nanomaterials focused on pollution
research and their application in remediation systems particularly in countries with
abundant and unexplored natural resources.
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Figure 1: FTIR spectra of PEG, untreated sand, and
PEG-functionalized nanoparticles, confirming suc-
cessful surface functionalization through the appear-
ance of characteristic PEG bands.

Figure 2: X-ray diffraction (XRD) patterns of raw
titaniferous sand and magnetic nanoparticles ob-
tained after different ball-milling times. The evo-
lution of diffraction peaks reveals a progressive re-
duction in crystallinity and structural order with in-
creasing milling duration, associated with the me-
chanical top-down synthesis process.
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Figure 3: UV—Vis absorbance spectra of Figure 4: SEM-BSE image and EDS elemental maps of Ti, Fe,
PET microplastics (100 ppm) before and and O in titaniferous sand, confirming the mineral composition

after treatment with magnetic nanoparti- responsible for its magnetic properties.
cles synthesized at different milling times,

including PEG-functionalized samples.

The 12 h PEG-functionalized nanoparti-

cles show the highest removal efficiency.
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Abstract

Antimicrobial resistance is a growing concern worldwide, highlighting the need
for drug delivery systems that allow controlled release of therapeutic agents. Mag-
netic nanoparticles incorporated into polymeric nanofibers have been investigated
in various studies as a means to modulate release profiles through the application
of external magnetic fields.

This work describes the synthesis and characterization of electrospun nanofibers
composed of polyvinyl alcohol (PVA) and chitosan (CS), functionalized with mag-
netite (FesO4) nanoparticles and loaded with ciprofloxacin (CIP) as a model an-
timicrobial drug. The main objective was to assess the magnetic properties of the
nanoparticles, the morphology of the resulting nanofibers, the release behavior of
the system under passive conditions, and the effects observed in the presence of a
low-frequency alternating magnetic field (AMF). Magnetite nanoparticles were syn-
thesized using the chemical co-precipitation method, which involved the reaction of
Fe?* and Fe3* salts in alkaline medium under controlled temperature, followed by
repeated washing and drying steps to obtain the final powder. The nanoparticles
were characterized by X-ray diffraction (XRD), transmission electron microscopy
(TEM), and vibrating sample magnetometry (VSM) at body temperature (310
K). The polymeric precursor solution was prepared by blending PVA and CS in a
70:30 ratio, with dispersed magnetite nanoparticles and CIP incorporated prior to
electrospinning. Process parameters, including applied voltage, flow rate, and tip-
to-collector distance, were systematically adjusted to obtain consistent nanofiber
mats, which exhibited a characteristic bead-on-string morphology. In vitro drug
release studies were performed in phosphate-buffered saline (pH 7.4) at 37 °C,
comparing passive diffusion with exposure to AMF (60 Hz, 246 mT). Antimicro-
bial activity was evaluated against Escherichia coli ATCC 2522 using turbidimetric
growth assays conducted over 20 hours. XRD analysis confirmed the presence of
magnetite with a calculated crystallite size of approximately 9.1 nm. VSM re-
sults indicated superparamagnetic behavior, with saturation magnetization of 45.4
emu/g and negligible coercivity. Scanning electron microscopy showed thin contin-
uous fibers with average diameters of 24.73 4+ 7.79 nm, interconnected by globular
beads of approximately 413 nm in diameter. Bead-on-string morphology, which
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can result from electrospinning conditions such as solution viscosity and jet insta-
bility [1], has been linked to biphasic release in related works [2]. Passive release
profiles displayed a rapid initial burst, with about 97.5% of the loaded CIP released
within the first 10 minutes. When the AMF was applied, variations in the release
rate were observed, consistent with non-thermal mechanisms reported in similar
magnetic nanoparticle systems [3]. The CIP-loaded nanofibers demonstrated an-
timicrobial effects, resulting in substantial reduction of E. coli growth during the
observation period. The PVA/CS/Fe;0,/CIP nanofibers exhibited magnetic re-
sponsiveness and in vitro antimicrobial activity. The bead-on-string structure ap-
peared to influence the observed release characteristics. These results indicate that
the system could be suitable for additional studies on magnetically assisted drug
delivery approaches.

- JCPDS Card
L2

(220)
(400)
(422)
(511)
(440)

(311)

E1
F2
F1

Intensity (a.u)

Figure 2: X-ray diffraction (XRD) pattern of synthe-
sized magnetite nanoparticles confirming the inverse
spinel structure.
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Figure 1: Scanning electron microscopy (SEM) im-
agen of electrospun PVA /chitosan/FesO4 nanofibers
showing bead-on-string morphology. Scale bar: 10
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Figure 3: Vibrating sample magnetometry (VSM)
hysteresis loop of magnetite nanoparticles at 310 K,
showing superparamagnetic behavior with saturation
magnetization of 45.4 emu/g.
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Abstract

This study reports the processing, characterization, and biofunctional evaluation
of Ecuadorian sugarcane (Saccharum officinarum L.) extracts as natural bioactive
materials obtained from an agro-industrial resource. Different plant organs (leaves,
stems, roots, and flowers) were processed by exhaustive Soxhlet extraction using
solvents of increasing polarity (hexane, ethyl acetate, methanol, ethanol 70%, and
water) to generate chemically representative fractions suitable for comparative ma-
terials characterization.

Extraction yields showed a strong dependence on both plant organ and solvent
polarity, with the highest yield obtained for the aqueous flower extract (78%),
followed by the methanolic stem extract (51%). Qualitative phytochemical screen-
ing revealed the presence of multiple classes of secondary metabolites, including
polyphenols, flavonoids, tannins, alkaloids, saponins, and triterpenoids, indicat-
ing a complex chemical composition across the processed materials. Quantitative
analysis demonstrated that polar extracts contained the highest concentrations of
bioactive components, with the aqueous flower extract exhibiting the highest total
phenolic content (863.5 pg/mg) and elevated flavonoid levels observed in aqueous
flower and methanolic root extracts (179.3 pg/mg).

The functional performance of the processed extracts was assessed through an-
tioxidant activity assays. DPPH and ABTS radical scavenging tests showed a
strong correlation between phenolic content and antioxidant response, with the
aqueous flower extract presenting the highest antioxidant capacity in the ABTS
assay (TEAC: 0.267 ng/mg). Structural and chemical characterization by Fourier
Transform Infrared Spectroscopy (FTIR) confirmed the presence of hydroxyl, car-
bonyl, and aromatic functional groups associated with bioactive compounds, while
High-Performance Liquid Chromatography (HPLC) revealed distinct chromato-
graphic fingerprints as a function of plant organ and extraction solvent, supporting
the role of solvent-driven processing on material composition.

Antimicrobial performance evaluation showed selective growth inhibition pre-
dominantly associated with aqueous extracts. The aqueous root extract exhibited
inhibitory effects against FEscherichia coli, Staphylococcus aureus, Bacillus cereus,
and Pseudomonas aeruginosa, while the aqueous stem extract inhibited the growth
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of Escherichia coli. These results demonstrate that controlled extraction process-
ing directly influences the chemical architecture and biofunctional properties of
sugarcane-derived materials, supporting their potential application in value-added

bioactive and functional material systems.

FTIR Spectra of Sugarcane Flower Extracts Obtained
with Different Solvents
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Figure 1: FTIR spectra of sugar cane flower ex-

tracts obtained with different solvents: a) hexane
extract (FHEX), b) ethyl acetate extract (FAC), ¢)
methanol extract (FME), d) ethanol 70% extract
(FE70), and e) water extract (FWA). The spectra
show characteristic absorption bands in the region of
4000-600 cm ™!, which indicate the presence of func-
tional groups from secondary metabolites.
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Abstract

Rhodamine B (RhB) is a synthetic cationic xanthene dye extensively used in tex-
tile, food, printing, dyeing, cosmetic, leather, and related commercial sectors. Its
high chemical stability, photostability, and poor biodegradability favor persistence
in aquatic environments, while recent in vivo evidence links RhB exposure with
bioaccumulation, oxidative stress, reproductive toxicity, and teratogenic effects in
the F1 generation [1]. In this work, BiFeO3/BiOBr hybrid photo-piezocatalysts
were synthesized through a hydrothermal route using Bismuth(III) Nitrate Pen-
tahydrate (Bi(NOj)3-5H20), Iron(III) Nitrate Nonahydrate (Fe(NO3)3-9H20), KBr,
and KOH as precursors, followed by magnetic stirring, hydrothermal treatment,
centrifugation, washing, and powder recovery, as schematized in Fig. 1. The syn-
thetic design was guided by the strong dependence of BiFeOj phase purity on
hydrothermal parameters, since uncontrolled conditions can promote secondary
BiyFe,Og formation [2], and by the visible-light photocatalytic response of BiOBr,
whose layered oxyhalide structure, moderate band gap, and morphology-dependent
activity are favorable for dye degradation [3, 4]. SEM analysis of the hybrid pow-
der revealed an agglomerated plate-/flake-like morphology, while XRD confirmed
the coexistence of BiFeO3 and BiOBr crystalline contributions and evidenced im-
proved phase control relative to BiFeOs samples prone to BisFe,;Og formation, as
shown in Fig. 2. Diffuse reflectance spectroscopy processed by the Kubelka—Munk
method resolved two apparent optical thresholds at approximately 1.62 and 2.67
eV, consistent with the dual semiconductor character of the hybrid system. Photo-
piezo degradation assays were carried out using an initial RhB concentration of
5 ppm and a catalyst-to-RhB mass ratio of 50:1 under simultaneous light irradi-
ation and ultrasonic stimulation. At a light power of 40 W, the BiFeO3/BiOBr
hybrid catalyst decreased the RhB concentration to Cy/Cy = 0.1048 after 195
min (Fig. 3). The degradation followed pseudo-first-order kinetics, with a rate
constant of k,,, = 0.01037 min~! and R?> = 0.99693. A dependence of Kapp ON
irradiation power, 60W increased the degradation rate by a factor of 1.62, giving
an k,pp, = 0.0168 min~'. These results indicate that coupling piezoactive BiFeOs
with photoactive BiOBr promotes structural-optical complementarity and enhances
ROS-mediated RhB degradation under dual photo-piezo activation.
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Figure 1: Representative hydrothermal workflow for BiFeO3/BiOBr hybrid powder synthesis.
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Abstract

Emerging contaminants (ECs) in aquatic environments have become a major
concern due to their persistence, bioaccumulation, and potential health risks (Smith
et al., 2022). This study focuses on developing electrochemical sensors based on
conducting polymers—3,4-ethylenedioxythiophene (PEDOT), polypyrrole (PPy),
and poly(1,3,5-tris(N-carbazolyl)benzene) (PTCB)—modified with carbon quan-
tum dots (CQDs) for detecting metronidazole (MNZ) as a model EC. CQDs were
synthesized via a bottom-up hydrothermal route using citric acid and diethylen-
etriamine (DETA), and each polymer was individually electropolymerized onto
glassy carbon electrodes (GCE) in the presence of CQDs, forming sandwich-type
configurations to enhance nanoparticle retention and film stability (Garcia et al.,
2021). The modified electrodes were characterized by FTIR and UV-Vis-NIR
spectroscopy, confirming the preservation of the polymeric structures, while cyclic
voltammetry (CV) was employed to evaluate their electrochemical behavior toward
MNZ detection. The incorporation of CQDs significantly improved the electro-
chemical response in PEDOT- and PPy-based nanocomposites, enhancing current
intensity and peak resolution compared to the pristine polymers. In contrast, the
effect was minimal or negative in the PTCB-based system, likely due to the lower
intrinsic conductivity of this polymer (Lee and Kim, 2020). All modified electrodes
exhibited good adhesion and CQD retention after washing tests, demonstrating the
robustness of the electropolymerized matrices. These findings show that the inter-
action between CQDs and conducting polymers depends strongly on the polymer’s
electronic nature, highlighting the potential of PEDOT/CQDs and PPy/CQDs
electrodes as promising materials for developing sensitive and stable electrochemi-
cal sensors for detecting ECs in aqueous environments.
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Abstract

Diatomites are formed of a silica framework, characterized by an ordered porous
system of algae microfossils and sediments, generated in aquatic environments and
under long-lasting geological activity. Therefore they are locally accessible, in places
like the Guayllabamba basin in Ecuador, relatively easy to handle and used for
several applications [1]. In particular, after ultrasonic cleaning, suspension and
piranha treatment; 3 different samples went through LiCl salt wet impregnation,
thermal treatment (TT), and posterior characterization. Moreover, the diatomites’
surfaces, and in-situ synthesis of catalyst nanoparticles (NPs) on them; served
as substrates and precursors for this novel nanocomposite biomaterial. In fact, co-
precipitation of Cobalt Ferrite (CoFesOy/Fe : Co) metallic alloy NPs, was achieved
for this synthesis; with a molar proportion of 5:3 for Iron and Cobalt Nitrate salts
used. As followed by Chemical Vapor Deposition (CVD) [2], in an Ar and Acety-
lene (CyH,y) atmosphere at 750°C'; it allowed the successful integration of dense
Multi Walled Carbon Nanotubes (MWCNTSs) coatings. Indeed, they were studied
through spectroscopic techniques, X-Ray Diffraction (XRD), X-Ray Photoelectron
Spectroscopy (XPS), Scanning and Transmission Electron Microscopy (SEM and
TEM); that were performed to corroborate the elemental composition, structure
and their changes. Consequently, it was possible to identify the weight gained for
each sample, size and disposition of these CN'Ts: which diameters were around 90nm
and covered the substrates almost completely. Furthermore, as the samples were
dried and powdered through the different methodology steps, they were pressed in
solid pellets using Polyvinylpyrrolidone (PVP) as binder; for the ones that were
not consistent enough without it. All this, to be tested through electrochemical
impedance spectroscopy (EIS) and Cyclic Voltammetry (CV) to identify their over-
all electrochemical behavior [3] in Solid-State Electrolyte (SSE) like systems with
Cu and Pt electrodes. As a result, they showed stable capacitive responses for
the raw samples and the ones containing the Fe:Co NPs, and the well-known con-
ductive behavior; expected for the CNTs coated samples. In addition, they went
through CV and Galvanostatic Charge-Discharge tests in an electrochemical cell:
first with the pellets connected and hold between Cu tape as working electrodes.
However, some of the crude samples and the ones containing the CN'TS dissolved in
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the LiCl [Deionized Water and Dimethyl Carbonate (DW/DMC) mix| electrolyte.
Therefore, attaching the samples to graphite rods, with a conductive adhesive, is
another strategy to be carried out. And finally, to complete the cell, Pt was used
as counter electrode and Ag/AgCl as the reference electrode. In fact, the results
obtained from these systems were used to evaluate the nanocomposites’ potential
for Li-ion batteries or supercapacitors, and their equivalent circuits. Altogether,
this research studies new bio-based, micro- and nanostructured materials, as the
next generation of alternative energy technologies.

Figure 1: a) BD-Fe:Co SEM and EIS, b) BD-CNTs TEM and Raman Spectra, ¢) AD, BD and CD XRD,
d) XRD of BD samples through the methodology, e) XPS of BD samples, f) AD EIS in SSE system, g)
AD-Fe:Co EIS in SSE system, h) AD, AD-Fe:Co and AD-CNTs CVs.

References

[1] Maldonado Pinos, P. N. Natural and doped diatoms for photodegradation under visible light, B.S. thesis,
Universidad de Investigacién de Tecnologia Experimetal Yachay, 2020.

[2] Mina-Villarreal, M. C.; Bricefo, S.; Vizuete, K.; Debut, A.; Gonzalez, G. Growth of carbon nanotubes
and carbon spheres on diatoms. Journal of Porous Materials 2023, 30, 343-349.

[3] Silva, M.; Bricefo, S.; Vizuete, K.; Debut, A.; Gonzélez, G. Structural and electrochemical character-

ization of diatomite with lignin, glucose, activated carbon and magnetic nanoparticles. Carbon Trends
2025, 19, 100492.

171




Acta Microscopica Vol.35, Supp.1, 2026
Abstract Book NSSY 2026 - Galapagos 17" -253% May 2026

Influence of Carbonization Temperature on the Structure and
Surface Chemistry of Hard Carbon Derived from Banana
Pseudostem
Luis G. Corredor!, Juan Pablo Saucedo-Vazquez', Jean Jiménez-Castro!, Jefferson R.

Bautista-Jiménez!, Zaillmar Morales-Navarro!, Daniela G. Navas-Leon!,
Jenny E. Zamora Cepeda’

1School of Chemical Sciences and Engineering, Yachay Tech University, 100119 Urcuqui, Ecuador.
jennyzamoral200@gmail.com

Abstract

The continuous discharge of synthetic dyes into aquatic environments represents
a significant environmental concern due to their high stability, toxicity, and re-
sistance to conventional thewastewater treatment processes. Among these dyes,
methylene blue is widely used in textile, pharmaceutical, and chemical industries,
and is frequently detected in industrial effluents [1]. In this context, adsorption has
emerged as an efficient and versatile technique for dye removal from water, partic-
ularly when low-cost and sustainable adsorbent materials are employed. Carbon
based materials derived from biomass have gained increasing attention due to their
availability, tunable surface properties, and reduced environmental impact.

The aim of this work was to evaluate the adsorption capacity and kinetic behavior
of biomass derived Hard Carbon (HC) for the removal of methylene blue from
aqueous solutions.

Hard carbon (HC) was synthesized from the pseudostem of Musa paradisi-
aca (Cavendish) through controlled carbonization. The biomass precursor was
separated into cortical and internal stem fractions, yielding compact and fibrous
morphologies, with an additional milled form obtained by particle size reduction.
Carbonization was performed in a chemical vapor deposition furnace under inert
atmosphere at temperatures between 700 and 1100 °C (100 °C increments) and
residence times of 120 minutes to evaluate the influence of thermal parameters
on HC formation. Post-carbonization modification was carried out via solvent
free mechanochemical sodium intercalation, using agate mortar and ball milling.
Sodium salts were incorporated at HC:Na mass ratios of 1:0.05, 1:0.1, and 1:0.2, and
treated at 180 °C for 24 h to promote ion insertion into the hard carbon structure.

XRD analysis confirmed the formation of non-graphitizable hard carbon across
all carbonization temperatures, shown in Figure 1, as evidenced by the presence
of broad diffraction features associated with the (002) and (100) planes. At lower
carbonization temperatures (700-800°C), the (002) reflection appeared as a diffuse
and low-intensity band, indicative of a highly disordered carbon structure with
significant interlayer spacing heterogeneity. As the carbonization temperature in-
creased to 900 °C and above, a progressive sharpening and increased intensity of the
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(002) band were observed, accompanied by a slight shift toward higher diffraction
angles. This behavior suggests a gradual reduction in interlayer spacing and an
increase in short-range structural ordering within turbostratic carbon domains [2].
FTIR spectroscopy provided complementary evidence of these temperature driven
transformations, which are shown in Figure 2. Samples carbonized at lower temper-
atures exhibited distinct absorption bands associated with hydroxyl at 3410 cm™1,
aliphatic C-H at 1629 cm™1, the band found at 1037 cm ™1 was associated to the sp?
carbon stretchment. As carbonization temperature increased, these bands gradu-
ally diminished in intensity, reflecting the thermal elimination of functional groups
and the advancement of aromatization. At temperatures above 900 °C, FTIR spec-
tra were dominated by weak features characteristic of condensed aromatic carbon
structures, in agreement with XRD and XPS observations. A calibration curve for
methylene blue was established to enable accurate concentration determination,
shown in Figure 3. Standard methylene blue solutions with concentrations of 0.5,
1,2, 4, 6, 8, 10, and 12 ppm were prepared from a stock solution and analyzed by
UV-Vis spectrophotometry. The maximum absorption intensity of methylene blue
was identified at a wavelength of 665 nm, which was selected for all subsequent
measurements Fig. 4. The calibration curve exhibited a strong linear relationship
between absorbance and concentration within the studied range. Adsorption exper-
iments were conducted by contacting a known mass of hard carbon with methylene
blue solutions of different initial concentrations under controlled conditions. Sam-
ples were collected at predetermined time intervals to study the adsorption kinetics.
After solid-liquid separation, the residual methylene blue concentration in the so-
lution was determined using UV-Vis spectrophotometry based on the previously
obtained calibration curve.

The results indicated a progressive decrease in methylene blue concentration
in solution with increasing contact time, demonstrating the effective uptake of
the dye by the hard carbon material. The adsorption process exhibited a rapid
initial stage followed by a slower approach to equilibrium, which is characteristic
of adsorption controlled by surface interactions and intraparticle diffusion. The
kinetic analysis provided valuable insight into the interaction between methylene
blue molecules and the surface of the biomass-derived hard carbon.These outcomes
underscore the potential of hard carbon synthesized from biomass as a cost-effective
and sustainable carbonaceous material for the removal of organic dyes in wastewater
treatment processes.
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Figure 1: Diffractogram of the biomass analyzed at
different temperatures
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Figure 3: UV-Vis calibration curve for methylene
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Figure 2: FTIR Spectra of Hard Carbon at different
temperatures
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Figure 4: UV-Vis absorption spectrum of methylene
blue showing the maximum absorption peak.
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