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Kevnote Session

Graphene for Molecular Electronics
Eugenio Coronado®
Instituto de Ciencia Molecular (ICMol)., University of Valencia, Spain

Molecular electronics offers an elegant tool to miniaturize electronic devices, reaching the nanoscale or even the
single-molecule level. One of the limitations of this approach concerns the insulating character of most of the
molecular systems one wants to integrate in the device. Here we show that the deposition of these functional
molecules over graphene and other 2D semiconducting materials can provide an efficient way to avoid this
limitation. This concept provides an entire new class of molecular/2D heterostructures in which we take
advantage of using the “all surface” 2D material to electrically or optically sense the properties of the molecular
component via an active control of the hybrid interface. We will illustrate this concept by choosing as molecular
component spin-crossover molecules. This type of magnetic molecules provides an appealing example of
molecular bistability as they are able to switch between two spin states upon the application of an external
stimulus (temperature, light or pressure) [1]. This spin switching can occur near room temperature and is always
accompanied by a significant change of volume (by ca. 10%), so it can generate a significant strain over the 2D
material. Hence, they constitute an ideal component to fabricate molecular memory devices. In this talk we show
that in these heterostructures the 2D material is capable of acting as a reliable and highly sensitive spin state
sensor, using the changes observed in the electrical or optical properties of the 2D material to readout the spin
state [2,3,4].

1] E. Coronado, Nature Rev. Mater., 2020, 5, 87-104.

2] R. Torres-Cavanillas et al, Nature Chem., 2021, 13,1101-1109.
3] C. Boix-Constant et al., Adv. Mater., 2022, 34,2110027.

4] M. Gavara et al., Adv. Mater,, 2022, 34, 2202551.
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Multifunctional Carbon Materials Meet Biomedicine

Alberto Bianco*

CNRS - IBMC, France

Peripheral and Central Nerve Repair: Understanding the Clinical Problem and Strategies for Improved
Outcomes

Jonathan Knowles*

University College London, United Kingdom

Advances in Kinetics Processes of Halide Perovskite Solar Cells for Memory, Neuromorphic and
Optoelectronic Applications

Juan Bisquert®

Institute of Advanced Materials, Universitat Jaume I, Castelld, Spain

The dynamic response of metal halide perovskite devices shows a variety of physical responses that need to be
understood and classified for enhancing the performance and stability and for identifying physical behaviours
that may lead to developing new applications. We present a physical model in terms of delayed recombination
current that explains the evolution of impedance spectra and the evolution of hysteresis in current-voltage
curves. A multitude of chemical, biological, and material systems present an inductive behavior that is not
electromagnetic in origin. Here, it is termed a chemical inductor. We show that the structure of the chemical



inductor consists of a two-dimensional system that couples a fast conduction mode and a slowing down element.
Therefore, it is generally defined in dynamical terms rather than by a specific physicochemical mechanism. The
impedance spectra announce the type of hysteresis, either regular for capacitive response or inverted hysteresis
for inductive response. We apply the insights in kinetics processes to the development of memristors and
neurons. We address the characterization of electron diffusion and radiative emission in halide perovskites using
a range of light stimulated techniques as IMPS, IMVS, and voltage controlled light emission technique (LEVS).

Nanostructures at Atomic Scale: From Energy and Environmental Applications to Quantum Devices
Jordi Arbiol*

ICREA & Catalan Institute of Nanoscience and Nanotechnology (ICN2), Spain

Chemical Tailoring of Graphene Materials for Water Remediation, Sensing and Carbocatalysis
Manuela Melucci*

Consiglio Nazionale delle Ricerche, Istituto per la Sintesi Organica e la Fotoreattivita (CNR-ISOF), Italy

Graphene and 2D materials are gaining increasing interest as multifunctional platforms for realizing devices and
technologies for energy, sensing, biomedical and environmental applications. Key features such as high surface
area, chemical tuneability and processability determines their recognition, transduction and transport
properties.

Among the others, graphene oxide (GO) is particularly suitable for property-specific tailoring through many site-
specific chemical manipulations of the oxygen containing functional groups at the nanosheets surface.

In this talk, I will present selected case-studies of chemically modified GO, realized at ISOF, and their
applications as active materials for water purification, electrochemical sensors and carbocatalysis. 1 will describe
our recent results on covalent functionalization procedures and design strategies for i) enhanced adsorption of
emerging contaminants (i.e. per-and polyfluoroalkyl substances (PFAS), antibiotics) from drinking water, ii)
electrochemical transduction for pesticides monitoring in water and ii) CO2 capture and utilization in chemical
transformations.

Finally, polymer-graphene based composites [6] for water filters will be presented, with the ongoing
technology transfer and validation from lab scale to industrial production.

Self-healing Soft Robotics Using Reprocessable Polymer Networks

Guy Van Asschea*, Seppe Terrynb, Joost Brancart?, Jessica Mangialetto?, Aleix Costa Cornellaz, Francesca
Furia?, Seyedreza Kashef Tabrizian2 and Bram Vanderborght®

aVrije Universiteit Brussel, Sustainable Materials Engineering, Belgium
aVrije Universiteit Brussel and imec, Brubotics, Belgium
bImec, Brubotics, Belgium

Reversible polymer networks are covalently crosslinked polymer networks that contain bonds that are thermally
reversible. This implies that at sufficiently high temperatures, which could be as low as 100 °C, the networks are
sufficiently unbound to return to a liquid state, and this in a reversible fashion. This offers important
opportunities for improving the sustainability of polymer networks, as it makes these materials self-healing and
reprocessable at fairly low temperatures, in contrast to their irreversibly chemically crosslinked counterparts,
classic elastomers and thermosets. Although self-healing, involving the rebinding of broken reversible bonds
across crack interfaces, is usually considered to require chain segment mobility, we proved that it also occurs at
crack interfaces in glassy thermosets.

Through a judicious combination of building blocks and a thorough insight in the fundamentals of underlying the
structure-processing-property relations, we developed room temperature self-healing reversible polymer



networks, including versions that are largely biobased, that can be compounded, extruded into filaments or
pelletized, 3D printed or injection-molded, reprocessed, chemically or mechanically recycled,... The applicability
of these materials is demonstrated in actuators, heaters, and sensors for self-healing soft robotics.

Graphene Coatings for Remarkable Corrosion Resistance: Challenges and Circumvention
Raman Singh”

Monash University, Australia

Materials at the Nanoscale and Beyond
Ben Zhong TANG*
The Chinese University of Hong Kong, Shenzhen, China

Molecular science has been developed to disclose the material structures and properties at the molecular level.
However, aggregates, which served as the particularly useful form of materials, sometimes behave differently
from individual molecules and show annihilated or new properties. Some unique properties such as aggregation-
induced emission (AIE), crystallization-induced emission (CIE), room temperature phosphorescence (RTP),
aggregation-induced delayed fluorescence (AIDF), aggregation-induced anti-Kasha transition (AKT),
clusterization-triggered emission (CTE), through-space interaction (TSI), mechanoluminescence (ML),
aggregation-induced circularly polarized luminescence (CPL), aggregation-induced generation of reactive oxygen
species (AIG-ROS), photothermal/photoacoustic (PT/PA), solid-state molecular motion (SSMM) are only
identified at the nanoscale and beyond, indicating their exotic features. By virtue of the flourishing research on
aggregation-induced emission, the concept of aggregate science is put forward to fill the gaps between molecules
and aggregates. The established structure-property relationship of aggregates is expected to contribute to new
materials and technological development. Ultimately, the aggregate science may become an interdisciplinary
research and serves as a general platform for academic research.

[1] Tang, B. Z. Aggregate 2020, 1, 4.

[2] Zhao, Z.; He. W,; Tang, B. Z. Acc. Mater. Res. 2021. DOI: 2021, 2, 1251.

[3] Zhao, Z.; Zhang, H.; Lam, ]. W. Y,; Tang, B. Z. Angew. Chem. Int. Ed. 2020, 59, 9888.

[4] Zhang, H.; Zhao, Z.; Turley, A. T; Tang, B. Z. et al. Adv. Mater. 2020, 32, 2001457.

[5] Liu, B.; Tang, B. Z. Angew. Chem. Int. Ed. 2020, 59, 9788.

[6] Meij, |.; Leung, N. L. C.; Kwok, R. T. K.; Lam, J. W. Y; Tang, B. Z. Chem. Rev. 2015, 115, 11718.

Chameleon Nanocarriers for Delivery of RNA Nanomedicines
Ernst Wagnerab*

aPharmaceutical Biotechnology, Department of Pharmacy, Ludwig-Maximilians-Universitdt (LMU), Germany
bCenter for NanoScience (CeNS), LMU, Germany



By early 2023, 24 gene therapy drugs and 21 RNA therapies reached the medical market. Targeted intracellular
delivery remains the key requirement. For refinements of RNA nanocarriers we focus on a bioinspired, sequence-
defined process including (i) use of artificial amino acids, (ii) precise assembly into sequences (‘xenopeptides’)
by solid phase-assisted synthesis, and (iii) screening for delivery and selection of top candidates. A recent
chemical evolution process combined aminoethylene amino acids as polar protonatable units with novel lipo
amino fatty acids (LAFs) as hydrophobic protonatable motifs. These novel double pH-responsive nucleic acid
carriers utilize intracellular delivery mechanisms of both cationic lipids and cationic polymers. The endosomal
pH-dependent tunable polarity of LAF was successfully implemented by a central tertiary amine, which disrupts
the hydrophobic character once protonated, resulting in drastic pH-dependent change in the logarithmic
(octanol/water) distribution logD from around +1 (pH 7.4) to -1 (pH 5.5). This “molecular chameleon character”
turned out to be highly advantageous for pDNA, siRNA, mRNA or CRISPER/Cas9 sgRNA delivery. Noteworthy, the
efficiency of best performers was up to several 100-fold higher compared to previous carriers. Transfection
activity of mRNA lipoplexes was maintained even in the presence of 90% serum and even at extremely low dosage
of 3 picogram mRNA (~2 nanoparticles/cell), in the range of the viral potency. mRNA lipoplexes showed great in
vivo performance in mice with high expression levels in spleen, tumor, lung, and liver upon intravenous
administration of 1 pg luciferase mRNA. With this class of delivery carriers, also CRISPR Cas9 /sgRNA or siRNA
can be delivered to therapeutically modulate cell functions.

Designing the Fluid Architecture of Biomembranes
Reinhard Lipowsky"
Max Planck Institute of Colloids and Interfaces, Germany

Our body contains a large amount of biological membranes which enclose our cells and many intracellular
organelles. These membranes, which have a thickness of only 4 to 5 nanometers, are fluid and create a flexible
architecture that partitions space into many separate compartments. The membranes provide robust barriers for
the exchange of molecules between the different compartments, but are able to easily remodel their shape and
topology. This remodeling can be studied in a systematic and quantitative manner using biomimetic model
systems. In this talk, recent insights from such synthetic biosystems are reviewed, integrating experimental
observations and molecular dynamics simulations with the theory of membrane elasticity. [1-5]

[1] R. Lipowsky: Remodeling of Membrane Shape and Topology by Curvature Elasticity and Membrane Tension.
Advanced Biology 6, 2101020 (2022)

https://doi.org/10.1002 /adbi.202101020

[2] R. Ghosh, V. Satarifard, and R. Lipowsky: Different pathways for

engulfment and endocytosis of droplets by nanovesicles. Nature Commun. 14, 615 (2023).
https://doi.org/10.1038/s41467-023-35847-z

[3] R. Lipowsky: Remodeling of Blomembranes and Vesicles by Adhesion of

Condensate Droplets. Membranes 13,223 (2023).

https://doi.org/10.3390 /membranes13020223

[4] R. Lipowsky, R. Ghosh, V. Satarifard, A. Sreekumari, M. Zamaletdinov,

B. Rozycki, M.Miettinen, and A. Grafmiiller: Leaflet tensions control the spatio-temporal remodeling of lipid
bilayers and nanovesicles. Biomolecules (in press)

[5] R. Lipowsky, S. Pramanik, A. S. Benk, M. Tarnawski, J. Spatz, and R. Dimova: Elucidating the Morphology of the
Endoplasmic Reticulum: Puzzles and Perspectives. ACS Nano (under review)
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Modeling Elasticity and Plasticity with the Complex Amplitude Formulation of the Phase Field Crystal
Model

Marco Salvalagio2 and Ken Elderb*

aTU-Dresden, Dresden, Germany
bOakland University, Rochester MI, United States

In this talk I would like to review the use of complex amplitudes to model processes in which elasticity and
plasticity play an important role. This formulation exploits complex amplitudes which vary slowly in space except
near defects, such as dislocation and grain boundaries while at the same time containing the information to
completely reconstruct the underlying crystal lattice. The slowly varying nature lends itself to efficient
computational schemes that allow the study of relatively large system sizes. A review of the state of the art will
be presented which will highlight the advantages of the method has over traditional phase field and phase field
crystal methods as well the challenges that remain.

Mechanical Characterization of 1D Nanostructures: Inconsistency of Results

Sergei Vlassova*, Dmitry Bocharov?, Boris Polyakov?, Mikk Vahtrus2, Sven Oras¢, Veronika Zadinc and
Andreas Kyritsakis¢

alnstitute of Physics, University of Tartu, Estonia
blnstitute of Solid State Physics, University of Latvia, Latvia
cInstitute of Technology, University of Tartu, Estonia

In this critical study, we call attention to a widespread problem related to the vast disagreement in elastic moduli
values reported by different authors for nanostructures made of the same material. As a particular example, we
focus on ZnO nanowires (NWs), which are among the most intensively studied nanomaterials. Since ZnO NWs
possess piezoelectric effects, many applications involve mechanical deformations. Therefore, there are plenty of
works dedicated to the mechanical characterization of ZnO NWs using various experimental and computational
techniques. Reported values of elastic modulus vary drastically from author to author ranging from 20 to 800 GPa.
Moreover, both - diameter dependent and independent - Young’s modulus values have been reported. We give a
critical overview and perform a thorough analysis of the available experimental and theoretical works on the
mechanical characterization of ZnO NWs to find the most significant sources of errors and to bring out the most
trustable results.

Impact on Optical and Structural Properties of InAs/GaSb Type-II Superlattices as Consequence of
Modifications in the Configurations of Their Interfaces

J. J. Jiménezab*, D. Alshahranic, D. C. M. Kwan¢, V. Srivastavac, M. Delmas¢, B. L. Liangd, D. L. Huffaker<d, M.
Kesaria® and F. M. Moralesab

aDepartment of Materials Science and Metallurgical Engineering and Inorganic Chemistry, Faculty of Sciences,
University of Cddiz, Spain

bIMEYMAT: Institute of Research on Electron Microscopy and Materials, University of Cddiz, Spain

cSchool of Physics and Astronomy, Cardiff University, United Kingdom

dCalifornia NanoSystems Institute, University of California, Los Angeles, United States

Interactions with the mid-wavelength infrared (MWIR) window are important to develop emitters and detectors
useful in applications related to, for instance, spectroscopy, defense or sensing of pollutant gases (e.g. CO2, NOy).
State-of-the-art MWIR technologies use materials like mercury-cadmium-telluride (MCT), InSb or InAsSb, but
they all have drawbacks in one way or another. Type-II superlattices (T2SL) based on combinations of I1I-V
materials (e.g. InAs/GaSb) are a rising alternative for devices like photodetectors, lasers or phototransistors.



Nevertheless, the InAs/GaSb combination has a key limitation: an -0.6% InAs/GaSb lattice mismatch, which
entails an increased interfacial strain that limits both material quality and device thickness. A possible solution
is inserting InSb nanolayers between both materials to form InSb-like interfaces in the T2SL, so that a strain-
balanced superlattice is generated thanks to the positive mismatch induced.

Interestingly, T2SLs with InSb-like interfaces exhibit better optical quality than other approaches, but also a lower
quality structure. In this work, we report a comparative structural and optical study of two InAs/GaSb T2SLs,
both with InSb-like interfaces, but one of them has InSb nanolayers intentionally deposited to form InSb-like
interfaces. By combining transmission electron microscopy (TEM) studies with photoluminescence
measurements and band heterostructures simulations, we successfully assessed the impact of InSb-like
interfaces on the quality of InAs/GaSb T2SLs. This presentation focuses on explaining the results from the
perspective of comparative TEM measurements, which gave information about many important features for the
optimization of these superlattices: crystallinity, epitaxy, existence of strain, and analyses of interfacial atomic
intermixing and segregation.

Secondary Porosity as a Regulator of Hydrophobicity of Nanoporous Particles
Y.G. Bushuev*, M.A. Chorazewski and Y. Grosu
University of Silesia, Katowice, Poland

Molecular dynamics simulations were used to investigate the intrusion/extrusion of water into/from silica nano-
objects. Usually, their hydrophobicity is controlled chemically. We have shown a new way of shifting
intrusion/extrusion pressures using the topological tuning of the porous matrix. Intrusion/extrusion pressure
decreases with the number of open lateral micropores connecting main channels. This effect can be exploited to
produce new materials for practical applications when the hydrophobicity needs to be regulated without
significantly changing the chemistry or structure of the materials. In the computer experiments with nano-objects
immersed in water, we have observed several dozens of fast water expulsion events from nano-objects. Before
extrusion, water is in a metastable state which can be triggered externally. We propose to use water ejection from
hydrophobic porous materials as a new propulsion mechanism for nano rockets.

Controlling the Crystallization and Hydration State of Crystalline Porous Organic Salts

Megan O'Shaughnessy2*, Alex C. Padgham?, Rob Clowes?, Marc A. Littlea, Michael C. Brandab, Hang Qus,
Anna G. Slater2* and Andrew I. Cooperab*

aMaterials Innovation Factory and Department of Chemistry University of Liverpool, United Kingdom
bLeverhulme Research Centre for Functional Materials Design, University of Liverpool, United Kingdom

Crystalline porous organic salts (CPOS) are a subclass of molecular crystals. Compared to other classes of porous
crystals, CPOS are less established, even with their wide range of promising applications in areas such as proton
conduction, molecular motors, and guest capture. Several issues such as the low solubility of CPOS and their
building blocks limits the choice of crystallization solvents to water or polar alcohols, hindering the isolation,
scale-up, and scope of the porous material. In this work, high throughput screening was used to expand the
solvent scope, resulting in the identification of a new porous salt, CPOS-7, formed from tetrakis(4-
sulfophenyl)methane (TSPM) and tetrakis(4-aminophenyl)methane (TAPM). CPOS-7 does not form with
standard solvents for CPOS, rather a hydrated phase (Hydrate2920) previously reported is isolated. Initial
attempts to translate the crystallization to batch led to challenges with loss of crystallinity and Hydrate2920
forming favorably in the presence of excess water. Using acetic acid as a dehydrating agent hindered formation of
Hydrate2920 and furthermore allowed for direct conversion to CPOS-7. To allow for direct formation of CPOS-7
in high crystallinity flow chemistry was used for the first time to circumvent the issues found in batch. CPOS-7
and Hydrate2920 were shown to have promise for water and CO; capture, with CPOS-7 having a CO; uptake of
4.3 mmol/g at 195 K, making it one of the most porous CPOS reported to date. These finding provide new
techniques to allow the discovery and control over CPOS which we believe will help advanced this area.



A New Route to Achieve VO; Nanoparticles for Thermochromic Applications

F.M. Moralesa*, M. Escanciano?, A. Suarez¢, M.P. Yeste?, A. Casas-Acuiia?, M. Garzons, J. J. Jiméneza, R. Garcia2
and A.]. Santosac

a|[MEYMAT: Institute of Research on Electron Microscopy and Materials of the University of Cddiz (UCA), Spain
bINDESS: Institute of Research on Social and Sustainable Development UCA, Spain
cInstitut FEMTO-ST, UMR 6174 CNRS, Université Bourgogne Franche-Comté, France

Vanadium oxidation can originate products of numerous compositions and crystalline varieties of the same
polymorph. The monoclinic dioxide VO2(M1) has received the greatest attention, since it transforms to tetragonal
VO2(R) during heating at a certain transition temperature (T¢), with an implicit reversible metal-to-insulator
transition, which makes it the best candidate for many applications in smart windows, switching electronics, or
heat storage. In an attempt to reach its more economical and environmentally friendly fabrication, this work
explains a simple, fast, dry, cost-effective, safe and clean method to achieve VO, from the hot oxidation of a metallic
precursor, which is a novel and original strategy compared to others often based on V,0s reduction. Following an
extensive design of experiments, V nanoparticles were thermally treated in air in ranges from 400 to 800°C and
different heating and cooling rates, and the products were studied by SEM, TEM, XRD, DSC, TGA, TPO, and MS.
M1-VO; powders (T.=68°C) with better thermochromic properties than commercial ones were obtained by fast
heating of 42°C/s in addition to (a) keeping 700°C for about 10 min plus slow cooling (1 time); or (b) 625°C for
5 min and fast cooling (2 times). The involved reactions, and the effect of tungsten addition were also studied.
The effective W doping is thus demonstrated through a drop in T. of ~20°C but similar behaviour than the best
undoped products, and mixes with lower performances (poorer in VO;) showed a T, < 35°C ideal for smart glass
if inserted in transparent matrixes.

Metal-semiconductor-metal Heterostructures for Electrical, Optical and Plasmonic Applications

Alois Lugstein*, Zehao Song, Masiar Sistani, Johannes Greil, Fabian Schwingshandl and Max Bartmann
Institute for Solid State Electronics, TU Wien, Austria

I will address the controlled formation of monolithic metal-semiconductor nanowire and nanosheet
heterostructures. The main obstacles facing towards reliable synthesis of such hybrid systems are related to
lateral strain relaxation, mitigating the limitations of material lattice compatibility and allow arbitrarily combined
dissimilar materials unattainable in layered structures. Out of the wide range of nanowires, Ge combines a high
carrier mobility, with a more than five times larger exciton Bohr radius compared to Si. Hence, Ge is of particular
interest especially for the development of high speed and novel quantum devices.

The formation of axial nanowire heterostructures with atomically sharp interfaces and monocrystalline
aluminum leads by using a thermally initiated exchange reaction will be presented. This enables the fabrication
of an in line contacted quantum dot without requiring precise lithographic alignment of the contacts, which is
one of the most challenging issues of fabricating quantum dot based devices. Unambiguous signatures of
quantum ballistic transport and electrostatically tunable negative differential resistance even at room
temperature will be demonstrated and attributed to intervalley electron transfer.

Together with the wafer-scale accessibility, the proposed fabrication scheme may give rise to the development of
key components for a broad spectrum of emerging Si and Ge-based devices requiring monolithic metal-
semiconductor-metal heterostructures with high-quality interfaces for electrical, optical and plasmonic
applications.

Spike Propagation in a Nanolaser-based Optoelectronic Neuron

Ignacio Ortega-Piwonka2b*, Matéj Hejdac, Juan Alanisc, Jodo Lourenc¢od, Antonio Hurtadoc, José
Figueiredod, Bruno Romeirae and Julien Javaloyesab



alnstitute of Applied Computing and Community Code (IAC-3), University of the Balearic Islands, Carretera de
Valldemossa, Spain

bDepartment of Physics, University of the Balearic Islands, Carretera de Valldemossa, Spain

cInstitute of Photonics, University of Strathclyde, United Kingdom

dCentra-Ciéncias and Departamento de Fisica, Faculdade de Ciéncias, Universidade de Lisboa, Portugal

eUltrafast Bio- and Nanophotonics, INL - International Iberian Nanotechnology Laboratory, Portugal

With the recent development of artificial intelligence and deep neural networks, alternatives to the Von Neumann
architecture are in demand to run these algorithms efficiently in terms of speed, power and component size. In
this theoretical study, a neuromorphic, optoelectronic nanopillar metal-cavity consisting of a resonant tunneling
diode (RTD) and a nanolaser diode (LD) is demonstrated as an excitable pulse generator. With the proper
configuration, the RTD behaves as an excitable system while the LD translates its electronic output into optical
pulses, which can be interpreted as bits of information. The optical pulses are characterized in terms of their
width, amplitude, response delay, distortion and jitter times. Finally, two RTD-LD units are integrated via a
photodetector and their feasibility to generate and propagate optical pulses is demonstrated. Given its low energy
consumption per pulse and high spiking rate, this device has potential applications as building blocks in
neuromorphic processors and spiking neural networks.

Correlation Between Charge Density Wave Phase Transition and Hydrogen Adsorption in 1T-TaS; Thin
Film Devices

Yasushi Ishiguro*
Department of Electrical and Electronic Engineering, Tokyo Denki University, Japan

Thin film of tantalum disulfide in the 1T-polytype structural phase (1T-TaS;) is a type of metallic two-dimensional
(2D) transition metal dichalcogenides (TMDs). The 1T-TaS; undergoes a series of charge-density-wave (CDW)
phase transitions. In the CDW phase transition, the phase changes from low to high temperature in the order of
commensurate CDW (CCDW) phase, nearly commensurate CDW (NCCDW) phase, and incommensurate CDW
(ICCDW) phase. The CCDW-NCCDW phase transition occurs at approximately 180 K, and the NCCDW-ICCDW
phase transition at approximately 350 K; each transition exhibits an abrupt change in the electronic resistance
with a temperature hysteresis (AT) behavior. We found that the AT decreases in the NCCDW-ICCDW phase
transition as the number of layers decreases. The layer-number dependence is the opposite behavior of the
transition between the CCDW and NCCDW phases. The difference in the layer-number dependence is mainly
explained by the difference in the CDW superstructure along out-of-plane direction between the CCDW and
ICCDW phases. Regarding the effect of hydrogen (H:) adsorption on 1T-TaS; thin film devices, the metallic ICCDW
phase exhibited high H; sensing performance. The electrical resistance of the ICCDW phase decreased when H»
was adsorbed on the surface. In contrast, the NCCDW phase, which has slight band overlap or a small bandgap,
was not reactive for H, adsorption. These results will be helpful in understanding the physics of the 1T-TaS, CDW
phase transitions and in the development of device applications using the CDW phase transition in 1T-TaS..

Graphene/TiO; as Electron Transport Layer to Enhance Energy Efficiency of Perovskite Solar Cells

TD Malevu*

Department of Physics, Sefako Makgatho Health Sciences University, South Africa

In the field of the energy transition, developing efficient and cost-effective solar cells is a crucial goal to establish
an optimal energy mix. The third generation of photovoltaic cells, which utilize abundant materials and simple
processes, has emerged to achieve this goal. Among these, photovoltaic cells based on perovskite materials have
demonstrated significant advances, with power conversion efficiencies reaching up to 22%. However, efforts are
still needed to improve these cells' charge generation and collection. One strategy to achieve this is using
TiO;/graphene nanocomposites, which have been shown to reduce recombination phenomena and improve
electron collection. The technique of laser pyrolysis is used to achieve high-quality nanocomposites with suitable
properties for efficient and stable solar cells. This technique enables the synthesis of nanoparticles in a single
step with a continuous flow. Tests were conducted using a MAPI-CI perovskite deposited in a single-step, and the



results show an increase in electron injection efficiency and device performance with the use of graphene in the
mesoporous TiO; layer. Overall, the use of this technique resulted in an increase in power conversion efficiency
from 14.1% to 15.1% for these devices, demonstrating the benefit of the laser pyrolysis process for the
production of high-quality electron transport layers in perovskite solar cells.

Unveiling Near-field Interactions of Metal Nanoparticles in Aqueous Solutions: Visualization Through
Thermoelastic Optical Microscopy and X-Band Microwaves Response of Structural Clusters

A. Babajanyan#*, T. Abrahamyanz?, B. Minasyan?, H. Manukyan?, N. Babajanyan2 and R. Khachatryan®

alnstitute of Physics, Yerevan State University, Armenia
bInstitute of Radiophysics and Electronics, NAS of Armenia, Armenia

In this study, an aqueous solution containing different metal nanoparticles (NPs) was examined using a
thermoelastic optical microscope (TEOM) operating in the microwave X-band frequency range (8-12 GHz). The
near-field interaction between the radiated microwaves and the aqueous solution with Ag, Pt, Au, Fe NPs, which
were prepared through a laser ablation process, exhibited sensitivity to both the NPs concentration and their
structural characteristics at the resonant frequency. The experimental evaluation of the maximum concentrations
of the metal NPs ranged from 0.03 to 1.33 mg/ml. The measured minimum detectable normalized signal was
found to be between 0.01 and 0.05 (mg/ml)-1. The exceptional sensitivity of the measurement system can be
attributed not only to variations in the electromagnetic properties of the solution, such as complex dielectric
permittivity and conductivity, due to changes in metal NPs concentration but also to additional structural changes
in water clusters resulting from the NPs suspensions. Furthermore, the results revealed a linear relationship
between the averaged signal intensity, which correlated with NPs concentrations, and the size of the metal NPs.
Larger sizes and higher concentrations of NPs contributed to higher signal levels and frequency responses.
Moreover, the TEOM characterization method allowed for the visualization of the electromagnetic field
distribution around the solution with high spatial resolution, enabling the investigation of dielectric liquid
environments with different types and concentrations of metal NPs. The TEOM method demonstrated its
potential for monitoring high-conducting NPs concentrations in dielectric liquid environments, thus showcasing
its applicability in chemical and biophysical sensing applications.

Single-molecule Force Studies of Chemical Revolution Processes

Masahiko Haraab.c*

aTokyo Institute of Technology, Japan
bRWTH Aachen University, Germany
cKumamoto University, Japan

The origin of life is believed to have been chemical reactions at mineral surfaces on the early earth. Although
there have been many proposals and preliminary experiments on this topic, no definitive origin has been reported
yet because of a lack of nanoscopic studies. Herein, we present the first material surface observations intended
to elucidate the origin of life at the molecular level. These observations were made using a combination of Raman
spectroscopy and atomic force microscopy (AFM). Pyrite (FeS;) is known to be one of the most common minerals
that can provide condensation and reaction surfaces for chemical evolution. However, this mineral has mostly
been studied in bulk systems, and such investigations cannot fully resolve the exact mechanisms of the specific
interactions that occur on this mineral. Moreover, no direct experimental evidence has been reported regarding
pyrite initiating chemical evolution at the nanoscale when it is used as a reaction surface. In this study, the
quantitative force analysis performed by AFM, in which the residue of a single amino acid was mounted on AFM
tips, enabled us to locate the reaction sites and to study the interaction forces between the amino acid and the
pyrite surface. Our Raman spectroscopy and AFM results revealed for the first time that defective areas, with the
composition FeS,.,, increase the adsorption probabilities of amino acid residues in chemical reactions on the
surface of pyrite.



Photoresponsivity of Carbon-dots/Graphene Hybrids on Flexible Substrates

L.M. Veca?*, F. Nastase?, D. Bogoselb, C. Socaci¢, A. Terecb, A. Istratea, I Mihalache?, O. Ligor2, T. Radus, O.
Tutunaru2 and M. Rosuc¢

aNational Institute for Research and Development in Microtechnologies IMT-Bucharest, Romania
bFaculty of Chemistry and Chemical Engineering, Babes-Bolyai University, Romania
<National Institute of Research and Development for Isotopic and Molecular Technologies, Romania

Carbon dots (C-dots) emerged as an exciting material for a new generation of optoelectronic devices, owing to
their distinctive photophysical properties, low production costs, and non-toxicity. Leveraging the good molar
absorptivity of C-dots and the efficient transport properties of graphene derivatives, a flexible photodetector with
spectral responsivity in the visible range was developed.

Newly designed C-dots, using both linear and branched polymers for the carbon nanoparticle surface passivation,
exhibit high photo-emission efficiency, and depending upon the surface functionality display specific emission
spectra covering the entire visible domain. Polymer ramification showed no significant improvement in
fluorescence quantum yield but enabled the bathochromic emission shift to 520 nm.

Tuning the oxidation/doping in the graphene derivatives and their interaction with the C-dots, the
photoresponsivity of the graphene/C-dots hybrids achieved a maximum of 0.25 mA/W under white light
exposure with an incident power density of 40 mW/cm2 and a 5 V applied bias. When the branched C-dots were
combined with the hydrothermally doped graphene oxide, the photoresponsivity increased by a factor of four as
compared to the linear polymer-C-dots. Responsivity reached 1.25 mA/W at the incident power density of 70
mW/cm2 and bias of 5V.

The synthesized C-dots/graphene hybrids offer the promise to develop wideband, flexible, and wearable
photodetectors that do not require different material systems to cover a broad spectral range of detection.

Pt/TiO; Single Atom and Small Cluster Catalysts Exposed to Chemical Warfare Agent, Sarin

Erin M. Durkea*, Bryan Schindler?, Matthew Leonard?, John R. Morris¢, Ayman Karim¢, Chun-Te Kuoc and
Malik Albrahime

aUS Army DEVCOM: CCDC Chem Bio Center; R&T Directorate, Aberdeen Proving Ground, United States
blLeidos, Abingdon, United States
<Virginia Tech: Department of Chemistry, Blacksburg, United States

The development of new catalytic nanomaterials is extremely advantageous for the design of innovative materials
capable of enhanced filtration and/or decontamination of toxic chemicals. Improved reactivity, with respect to
both rate of decomposition and final degradation products, is a key objective for the design of novel catalysts. To
that end, a model catalyst comprised of Pt single atoms and small clusters on a TiO; particulate support has been
exposed to the chemical warfare agent, Sarin, GB. The work described herein focuses on the uptake and reactivity
of GB on the Pt/TiO; catalysts. Studies were conducted in a high vacuum chamber using transmission infrared
spectroscopy to monitor the reaction in real time. Results such as these can be used to further catalyst design in
the future.

Defect Nanopatterning in Low Dimensional Materials: An Approach to Impart Material Functionalities
Massimiliano Cavallini*
CNR/Institute for the Study of Nanostructured Materials (ISMN), Bologna, Italy

Structural defects are always present in manufactured materials and affect, or sometimes even generate their
physical properties. Influenced properties include catalysis, electrical and thermal conductivity tuning,
thermoelectricity, enhanced ion storage, and magnetism. These properties enable the use of defective materials
in various technological applications.



To date, the research and technology in defect engineering are focused on controlling defects' nature and
statistical distribution. Still, it has some crucial problems, such as the limited density of defects that can be
introduced into a material without compromising its stability and the interdependence of the various effects
generated by defects. Here, we propose defect nanopatterning as a breakthrough to overcome the principal
limitations of current methods.

In particular, we present preliminary data about the spatially controlled defect generation using stamp-assisted
electrochemical treatment. We applied the process to transition metal dichalcogenide thin films, fabricating
nonmetal atomic vacancies. Our approach allows us to produce a spatially controlled nanometric zone rich in
defects while preserving the original properties of materials in untreated zones. The process enables us to
optimise defect distribution for target applications.

Quercetin Mediated Synthesis of Au/TiO: Nanocomposite for the Photocatalytic Degradation of
Antibiotics

Noelia Gonzalez-Ballesterosab*, Pedro M. Martins<d and Senentxu Lanceros-Méndezbef

aDepartamento de Quimica Inorgdnica. Universidade de Vigo, Spain

bPhysics Centre of Minho and Porto Universities (CF-UM-UP) and Laboratory of Physics for Materials and Emergent
Technologies, LapME'T, Universidade do Minho, Portugal

cCentre of Molecular and Environmental Biology, University of Minho, Campus de Gualtar, Portugal

dInstitute of Science and Innovation on Bio-Sustainability (IB-S), University of Minho, Braga, Portugal
eBCMaterials, Basque Center for Materials, Applications and Nanostructures, UPV/EHU Science Park, Spain
fTkerbasque, Basque Foundation for Science, Spain

Water pollution is one of the world global concerns. It is estimated that 842000 people die each year from the
consumption of polluted water. Among the different contaminants, the so-called of emerging concern have raised
considerable attention. They are non-regulated toxic chemicals, found in low concentrations in all types of water
bodies, and very resilient to conventional water treatments. Currently, no effective methods have been found to
eliminate them, however, photocatalysis has arisen as one of the most suitable possible solutions. TiO: is one of
the most widely used catalysts, unfortunately, the reduced photoactivation under visible radiation constitutes a
major drawback. One of the strategies to overcome this limitation is including plasmonic nanoparticles, such as
gold to improve the ability to absorb visible radiation from sunlight. Traditional methods of synthesis include the
use of toxic and expensive reagents, here, we propose a green method, using the natural flavonoid quercetin to
act as the reducing agent in the deposition of AuNPs on the surface of TiO,. The method was optimized, and
different loadings of gold were evaluated. The complete characterization of the nanocomposites confirmed an
increase in the absorption in the visible wavelength range with increasing concentrations of gold (values ranging
between 30-70% absorbance). Also, a reduction in the energy band gap from 3.05 to 2.75 eV was calculated.
Finally, the photocatalytic efficiency of the synthesized nanocomposites was evaluated for the degradation of the
antibiotic ciprofloxacin under UV and simulated sunlight irradiation, verifying a maximum degradation of 86 and
95%, respectively.

Fabrication and Applications of Nano-structured Graphene with Zigzag Edges
Tomohiro Matsui*, Taisuke Ochi, Takamoto Yokosawa and Masahiro Kamada
Advanced Research Laboratory, Anritsu corporation, Japan

Graphene is attracting a vast interest both in fundamental research and in industrial applications due to its
superior electronic and mechanical properties. However, the research and application of the nano-structured
graphene is limited because it is not easy to obtain atomically welldesigned edges. Since the edge of graphene
shows much different electronic property depending on its structure, either zigzag, armchair, Klein-type or
amorphous-like, it is crucial to control the edge structure to fabricate graphene nano-devices reproducibly.
Among several kinds of edge structures, the zigzag edge is especially unique because the honeycomb symmetry
is broken and an electronic localized state named zigzag edge state (zES) emerges along the edge. Recently, we
have established a technique to fabricate graphene with zigzag edges. The zigzag edge obtained by this technique



is found to be not only atomically precise, but also terminated by only one hydrogen atom. Therefore, one can
obtain ideal graphene nano-devices with sp2 bonded carbon atoms to the edge, and can expect novel physical
characters reflecting the nano-structuring and the zES of graphene. In this presentation, the fabrication, peculiar
characteristics, and possible applications of the nano-structured graphene will be discussed. For zigzag graphene
nanoribbons (zGNRs) narrower than 20 nm, local density of states which strongly suggest the spin polarization
of the zES are observed. On the other hand, for hexagonal networks of the zGNR, named zigzag graphene nano-
meshs (zGNMs), unconventional increase of the thermal conductivity by decreasing the nanoribbon width is
observed.

Effective Photoconductivity Modulation for Multifunctional Graphene Photodetectors by Quantum Dots
Wei-Chen Tu2*, Peng-Chi Wangp, Jun-Hao Shen2 and Xiu-Qi Yu?

aDepartment of Electrical Engineering, National Cheng Kung University, Taiwan
blnstitute of Microelectronics, National Cheng Kung University, Taiwan

Graphene has received wide attention because of its outstanding optical and electrical properties, including high
electron mobility, low resistivity, high transmittance, and broad absorption spectrum covering visible to near-
infrared light. Hence, graphene is considered to be an auspicious material for advanced photodetectors. Negative
photoconductivity (NPC) refers to the effect of a decrease in the conductivity of a photodetector as the device is
illuminated. This NPC effect has excellent potential for photoelectric detection, photoelectric switching, and gas
detection. Graphene, which is composed of carbon atoms with sp2 orbitals, is one of the potential materials for
constructing NPC devices. In this work, we realize a monolayer graphene photodetector with the NPC effect and
the water molecules adsorbed on the graphene are desorbed from the graphene surface under light irradiation.
To modulate the NPC effect to the positive photoconductivity (PPC) effect, FAPbI3 quantum dots acting as a gate
bias are introduced on the graphene film. The generated holes can transfer from FAPbI3 to graphene to increase
the conductivity of the graphene channel, resulting in the PPC effect. In conclusion, we offer an effective strategy
to modulate the photoconductivity of graphene photodetectors through a simple fabrication process, and the
result has great potential to realize sensing systems composed of NPC and PPC effects simultaneously on a chip,
which can expand the functions of traditional sensing systems for intelligent Internet of Things applications.

Re-examination for Nonlinear Behavior of Porous Sandwich Structures Reinforced by Graphene Platelets
Chong Li*, Xiuhua Chen and Hui-Shen Shen
Shanghai Jiao Tong University, China

The linear and nonlinear behavior of sandwich structures with porous core reinforced by graphene platelets
(GPLs) were re-examined. The graphene platelets reinforced composite (GPLRC) core is assumed to be
multilayers with different values of porosity coefficient to achieve a piece-wise functionally graded pattern. By
introducing an inhomogeneous model instead of the equivalent isotropic model (EIM), the Young’s moduli along
with the shear modulus of porous GPLRC core are predicted through a generic Halpin-Tsai model in which the
porosity is included. Motion equations are formulated based on the Reddy’s third order shear deformation theory.
von Karman nonlinear strain-displacement relationships, shell-foundation interaction and thermal effect are also
taken into account. The thermomechanical properties of metal face sheets and the porous GPLRC core are
assumed to be temperature-dependent. The analytical solution is obtained by applying a two-step perturbation
approach. Results reveal that the EIM is invalid for linear free vibration, thermal buckling and postbuckling
analyses of sandwich beams with porous GPLRC core, and is not suitable for linear free vibration analysis of
porous sandwich plates, cylindrical panels and shells.

The Berry Benefit - Grape Seed Extract Containing Dentifrice
Aditi Rao”

Ramaiah University of Applied Sciences Bengaluru, India



A new group of phytochemicals that has been attracting much attention from both the general public and health
professionals is a novel drug Proanthocyanidin. Grape seed extracts (GSE) are one of the richest sources of
Proanthocyanidin. GSE increases the expression of anti-inflammatory cytokines and decreased the expression of
pro-inflammatory cytokines, thereby reducing the progression of inflammatory diseases such as periodontitis.
The aim of the present study was to formulate and evaluate the ability of GSE containing dentifrice to exhibit
biologic properties favouring superior oral health status. The test sample consisting of toothpaste containing GSE
was formulated and subjected to laboratory investigations. The loaded discs were placed in the Muller-Hinton
medium and incubated at 37°C for 24 hours to evaluate its anti-bacterial efficacy against periodontal pathogens.
The cytotoxicity study on live cell lines and cell viability was estimated after incubation for 24 hours at 37°C in a
5% CO 2 atmosphere. IL 6 and TNF-a expression by inflammatory cells were tested against Raw cells. The radical
scavenging activity was calculated by incubating the test tubes containing the samples in DPPH solution.
Comparative analysis of the test sample and control showed significant anti-bacterial (zone of inhibition
comparable to positive control), anti-inflammatory (reduced IL-6 and TNF-a expression) and antioxidant efficacy.
The current in-vitro study provides evidence supporting the efficacy of grape seed extract containing dentifrice
in being a potential oral hygiene aid to be used in inflammatory states such as periodontitis.

Wavelength-dependent Tuning of Thermal and Thermo-plasmonic Response in Aggregates of Porphyrins
C. Triolo2*, R. Saijab, S. Santangelo?, S. Patanéb, R. Zagamic and L. Monsu Scolaroc

aDepartment of Civil, Energy, Environmental and Materials Engineering (DICEAM), Mediterranean University, Italy
bDepartment of Mathematical and Computer Sciences, Physical Sciences and Earth Sciences, University of Messina,
Italy

cDepartment of Chemical, Biological, Pharmaceutical and Environmental Sciences, University of Messina, Italy

The control of nanoscale thermally activated processes aided by plasmonic resonances has emerged as a cutting-
edge research area in the plasmonic field, with diverse applications spanning from medicine to material sciences.
In this study, we present an optical and thermal analysis of a porphyrin aggregate using finite element method
(FEM) simulations. The interest in this material is due to the ability to mimic the plasmonic behavior under
conditions of strong absorption resonance nearby a spectral region where the real part of the dielectric function
is negative. The simulated structure is a 3D right-handed helix, whose geometry reproduces an aggregate of
porphyrins, ranging in length from 22,5 to 150 nm. Under illumination by a linearly polarized monochromatic
stationary plane wave, the spectral regions of the H- and ]J-bands are investigated. Due to the different
arrangement of transition moments that characterizes the two bands, the optical and thermal behavior observed
in steady-state are quite different. A consistent temperature rise is achieved by exciting the H-band, while heating
is poor in the J-region. The cause is attributed to the plasmon-like response, which occurs only in the spectral
region corresponding to the J-band, where two relaxation mechanisms can be hypothesized to occur: thermal
relaxation and plasmon-related optical relaxation. In the spectral region of the H-band, the dielectric function
does not allow for plasmonic behavior, resulting in all the energy being dissipated through the thermal channel.
The geometry-dependence of the EM field and temperature distributions is also investigated, proving a strong
correlation between them.

Post-acceleration of Electron Bunches from Laser-irradiated Nano Clusters
Laura Di Lucchio2* and P. Gibbon®

aFree University of Bozen-Bolzano, Italy
bFocused Energy Inc., Darmstadt, Germany and KU Leuven, Belgium

The mechanism of acceleration of relativistic attosecond electron bunches after their emission from the
interaction of a nanometer-sized dropled with a few-cycle laser is examined by means of three-dimensional
particle-in-cell simulations of the light-matter interaction in vacuum. The bunches have attosecond duration and
are emitted each half-cycle of the laser following the angular pattern of ponderomotive scattering from an intense
laser focus, as it was demonstrated in previous simulation work. Subsequently they are phase-locked with the



laser waves and gain energy while traveling in vacuum. Here a spherical geometry is set following not only the
initial but also the later times for the evolution of the dynamics of the system. An analytical treatment taking into
account a quasi-particle approximation for the bunch and phase calculations for the laser is developed and set
for comparison with the three-dimensional picture derived from the PIC simulations. A forward directed particle
tracking is set In the code with the purpose of following the bunches’ evolution along their path. The analytical
equations for the energy gain are in good agreement with the tracking at later times, when the bunches merge in
a unique emission pattern with a mean value of the energy. The simulations are shown for the laser intensity of
5x 1019 W/cm? and the data are collected for intensities up to 10 2! W/cm?, showing the nonlinear optical
mechanism. The emitted bunches hold energy of the order of a few MeVs, and therefore have potential application
in the field of energetic X-ray sources.

Synthesis and Characterization of Photoluminescent Properties, Shape and Size of Gold, Silicon, Copper
and Silver Nanoparticles Synthesized via High Energy Ball Milling

Julie P. Vanegas»* Amber Garcia® and Juan Garciab

aSchool of Integrative Biological and Chemical Science, University of Texas Rio Grande Valley, United States
bDepartment of Physics and Astronomy, University of Texas Rio Grande Valley, United States

Noble metals gold, silver; silicon, and copper nanoparticles (NPs) were synthesized by Reactive High-Energy Ball
Milling (HEBM) of the metal powders in polar solvents. In this work, the mechanical force on the production of
nanoparticles ensured the grain size of the NPs would be reduced to sizes of 2-20 nm. The crushing of the bulk
material increases the surface area of the powder media, facilitating a direct reaction between the metal and
ligand. The ball-to-powder ratio in each container for the metal synthesized differed based on the metal
synthesized. The ligand L-Cysteine was used in each sample in a 3:1 mol/mol ratio, respectively, so that each
nanoparticle synthesized can achieve colloidal stability through electrostatic and/or steric interactions. The NPs
generated contained fluctuating sizes and dimensions. This was due to their size, shape, composition, chemical
structure, and surface-mediated reaction with L-Cysteine. The synthesized nanoparticles are characterized by X-
ray diffraction (XRD), Scanning electron microscope (SEM), UV-Visible absorption spectroscopy (UV-Vis),
transmission electron microscopy (TEM), dynamic light scattering (DLS), and room-temperature
photoluminescence (PL). The nanoparticles' UV-visible absorption spectra show the differences between the size
and shape of these materials. Absorptions in the visible regions are due to surface plasmon resonance (SPR)
oscillations in noble metal nanoparticles. The variety of the photoluminescence intensity depends on the metal.
The results indicate that all samples exhibit different photoluminescence emissions in the UV-Visible region
(200-600 nm). The morphological, physicochemical, and structural characteristics of the synthesized noble metal
NPs provide notable functionality, increasing the viability of its utilization for future applications.

Hydrothermally Synthesized Hierarchical ZnO:Al Nanoscintillator Detector Material for Alpha
Monitoring

M. Kurudirekabc* S, V. Kurudirek?, P. Sellin¢, A. Erickson? and N. Hertelb

aAtaturk University, Turkey
bGeorgia Institute of Technology Atlanta, United States
cUniversity of Surrey, United Kingdom

We report structural, optical and scintillation properties of well-aligned ZnO based nanoarrays by a facile solution
technique. Vertically aligned ultra-dense hierarchical ZnO nanorods showed high quality crystal structure,
photoluminescence and scintillation characteristics. Besides the main precursors such as Zn, ammonium
hydroxide and HMTA, the sodium citrate was used as an additive in the solution to control size and shape of the
nanoscintillator arrays. Ultraviolet band edge emission (~380 nm) of ZnO based nanoarrays are significantly
enhanced and visible emission (~550 nm) originated from surface defects are significantly reduced after
annealing samples in a forming gas (10%H2N:) atmosphere. Hexagonal shaped nanorods are rearranged and are
tapered towards the end constituting a nanopencil shape. ZnO nanorods were doped with Al, a group III element,
in order to improve the optical and scintillation properties. The as-grown and doped ZnO nanoarray samples



were tested in terms of scintillation response using an alpha particle source and a PMT. Pulse height distribution
analysis revealed a good scintillation response for as-grown and doped ZnO nanorod arrays. Moreover, the time
resolved PL decay time measurements resulted in sub-nanosecond decay time confirming the fast response
characteristics of the ZnO nanorod arrays. Nucleation and growth kinetics adopted for this type of material made
it possible to grow well-oriented tapered nanoscintillator arrays for alpha particle detection that could be further
used for assembly in nuclear detector materials. This work provides a systematic route for size and structure
controlled ultrafast, well-oriented ZnO based nanoscintillators by a low-cost and low temperature hydrothermal
method.
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Structural Unit Determination in Silica Nanoparticles Using Infrared Micro-reflectance Spectroscopy
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Characterization of the structural units of glasses is an essential part of amorphous materials research, with
implications for all kinds of properties, from chemical reactivity to crystallization. The relative proportions of
units in silicate glasses can be quantified by magic-angle spinning 29Si nuclear magnetic resonance (MAS-NMR)
spectroscopy. Simpler alternatives include Raman spectroscopy, which is affected by luminescence, and infrared
spectroscopy, which requires the use of deconvolution techniques to resolve structural information. Furthermore,
if the materials under study are nano-sized, extracting quantitative information about their structure from
infrared spectroscopy is even more complicated, as the effect of porosity needs to be taken into account through
so-called effective medium theories. In this work, silica nanoparticles have been investigated using infrared
micro-reflectance spectroscopy and nuclear magnetic resonance spectroscopy. Colloidal silica was chosen
because of its chemical and structural simplicity, with only H atoms acting as modifiers of the glass network. The
use of micro-reflectance, instead of transmittance or attenuated total reflectance, allows for greater accuracy and
reproducibility between samples. The results are analyzed through the Landau-Lifshitz-Looyenga effective
medium approximation and a robust deconvolution procedure for the absorption bands, in which each
component is attributed to a microscopic origin. Excellent agreement is found between infrared and NMR
spectroscopies, lending credence to this technique as a simple and accurate, albeit less precise, alternative for
structural unit quantification. Because of the generality of this technique, it could be easily extended to other
silicate nanomaterials.

Atomic Movement Mechanisms of Plasticity-induced Phase Transitions in Gradient Nanostructured High-
entropy Alloys

Wengqing Yang2*, Jiasi Luo?, Hui Fu2 and Xu-Sheng Yangab

aState Key Laboratory of Ultra-precision Machining Technology, Department of Industrial and Systems Engineering,
The Hong Kong Polytechnic University, China
bHong Kong Polytechnic University Shenzhen Research Institute, China

Dual- or multi-phase materials have shown promise in achieving co-deformation cooperative effects, resulting in
significant improvements in the strength-ductility synergy and other mechanical properties. Notably, the
combination of strength and ductility in medium/high-entropy alloys (M/HEAs) can also be significantly
enhanced through plasticity-induced solid-to-solid phase transitions. However, the atomic movement
mechanisms underlying these phase transitions remain poorly understood. In this study, we investigate two
distinct phase transitions: bcc — hep and fcc = hep — bcec, observed in bee-based TiZrHfTa0.5 and fcc-based
Fe45Mn35Cr10Co10 HEAs, respectively, receiving severe plastic deformation. Through atomic observations, we
elucidate the atomic movement mechanisms governing these phase transitions. In the bcc = hcp phase transition
of TiZrHfTa0.5 HEA, we identify two primary atomic movement mechanisms: cooperative atom shuffling and



gliding of partial dislocation dipoles. This phase transition contributes to the excellent tribological performance
of the alloy. Additionally, we engineer a phase transformation following the fcc = hcp = bcc sequence in the
gradient nanostructured surface layer of Fe45Mn35Cr10Co10 HEA using a surface severe plastic deformation
technique. The atomic movements involved in the fcc = hcp — bcec transition occur in two steps. The first step, fcc
- hcp, is accomplished by Shockley partial dislocations on alternating (111)fcc planes, while the second step, hcp
— bcc, involves the combination of Shockley partial dislocation dipoles on both sides of the (0001) hcp phase and
atomic shuffling along the [112]fcc//[110]bcc directions.

Acknowledgment: The research was supported by NSFC (No. 51971187), SITC (No. JCY]J20210324131405015),
and PolyU Grants (Nos. 1-BBR1 and 1-BBRA).

Nanostructures and Strengthening Mechanisms in Additive Manufactured Coherent Nano-precipitation
Containing High Entropy Alloys

Wang Yi Lin* and CHAN Kang Cheung

Research Institute for Advanced Manufacturing, Department of Industrial and Systems Engineering, The Hong Kong
Polytechnic University, Hong Kong

Nano-precipitation hardening has been proven effective in enhancing the mechanical properties of single-phase
HEAs. The performance of coherent nano-precipitation-reinforced high-entropy alloys (HEAs) relies on their
hierarchical microstructures, especially the distribution and morphology of nano-precipitates. Although prior
studies have highlighted the advantages of combined additive manufacturing (AM) and thermal mechanical
processing for producing high-performance HEAs, the resulting enhancements in mechanical properties were
limited primarily to grain refinement. This study employs a one-step cold-rolling process to modify the
microstructural characteristics of the coherent nano-precipitates and further strengthen the as-AMed HEA. AM
is effective in fabricating grain-refined alloys with elemental nanoscale heterogeneity. Thus, the as-AMed HEA can
serve as a suitable primary material state for further thermal-mechanical processing and facilitate the radical
change in nano-precipitation behavior. Modified high-density coherent precipitates divide the FCC matrix into
extremely fine nanoscale channels, leading to a significant dynamic Hall-Petch effect during subsequent
deformation. Additionally, multiple nanoscale strengthening mechanisms were activated upon deformation,
including stacking fault networks and heterogeneity-induced plasticity. Benefiting from the high compositional
complexity, the nano-precipitates in this HEA had high deformability and rendered the alloy super-high tensile
performance. By carefully controlling the ratio and size distribution of the continuous and discontinuous nano-
precipitates, the resulting alloy achieves a superior yield strength of approximately 1.5 GPa. A comprehensive
investigation was conducted to elucidate the effect of the modified nanostructures in the alloy and the
contributions of alternative strengthening mechanisms.

Time-scale Investigation with Modified Phase Field Crystal Method
Duncan Burns*, Nikolaos Provatas and Martin Grant
McGill University, Montreal, Quebec, Canada

We present a two time-scale modified phase-field crystal model to examine crystal plasticity. Building on earlier
versions, we build strain and strain-rate couplings to the density dynamics. The non-linear additions provide
tunable parameters for controlling dislocation climb versus glide, as well as phonon softening mechanisms. A
short-wavelength dampening is also introduced to account for phonon scattering and thermoelastic dissipation
processes. Finally, we discuss a novel semi-implicit numeric scheme for efficient simulation of this model, which
also serves as a generalization of the commonly used Fourier pseudo-spectral method. The technique gives rise
to unconditionally stable dynamics with simple numeric implementation requirements. We shall also describe
our recent work on phase field crystal models to quantitatively investigate growth structures in conditions
amenable to additive manufacturing.



Study on the Adsorption Properties of Hydrochloric Acid Doped Microporous Conjugated Polyaniline for
Hg2+

Yubing Wangab, Wei Yan2 and Charl F.J. Faul®
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Mercury (Hg?+) is a typical heavy metal pollutant that poses serious risks to human health. Currently, adsorption,
as a physical method, favored for its simplicity and low cost. Among various adsorbents available, polyaniline has
garnered extensive research interest owing to its reversible doping and dedoping characteristics, low price, and
safety. However, the one-dimensional structure of polyaniline limits its specific surface area, leaving ample room
for improvement in its adsorption performance. Conjugated microporous polymers, a type of three-dimensional
network material, have attracted considerable attention due to their combined extended m-conjugation with a
permanently microporous skeleton. We firstly propose a strategy to tune the adsorption selectivity of CMPA
towards Hg?* by using a simple doping treatment with inorganic acids. These doped materials were used to
adsorb Hg?*, and the results indicated that HCl-doped CMPA exhibited significantly higher adsorption
performance compared to the undoped material and other acid-doped adsorbents, warranting further
investigation. The Langmuir adsorption capacity of HCl-CMPA was determined to be 832.8 mg/g, surpassing most
previously reported materials. This outstanding value is even 175% higher than its parent matrix without HCI
modification, showing that HCl-doped microporous conjugated polyaniline have promising adsorption capacity

towards Hg2+.

Targeted Chemical Modification for Controlled Supramolecular Assembly
Maximilian J. L. Hagemann*, Lewis Chadwick, Benjamin C. Baker and Charl F. J. Faul
School of Chemistry, University of Bristol, United Kingdom

Targeted Chemical Modification for Controlled Supramolecular Assembly Understanding and controlling the
properties of functional materials is a challenging task.1,20ne way of achieving this goal is by targeted alteration
and modulation of the intramolecular interactions between the compounds, which can be realized by adding or
converting functional groups. We use different classes of molecules to demonstrate this principal e.g,
perylenediimides, owing to their strong m-m interactions and interesting optoelectronic properties. 3,4 Addition
of functional groups capable of hydrogen bonding (e.g. amide and urea moieties) is also utilised to promote
further supramolecular interactions. 5 Those modulated interactions between the molecules can then be used to
tailor the properties to fit the desired application. With these principles established, we show further examples
of chemical modifications of functional polymer systems; the resulting compounds are then thoroughly assessed
to obtain deeper insight into the structure-properties-function relationship for novel applications. Specifically,
we are now in the process of establishing design rules for the targeted preparation of functional materials tailored
for application as bio-adhesives.

[1] Ward, M.D. er al. (2013) Chem. Soc. Rev. DOI: 10.1039/c2cs35123d.

[2] Sedd, J. et al. (2013) Adv. Mater. DOI: 10.1002 /adma.201202343.
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[5] Symons, H.E. et al. (2022) ]. Mater. Chem. C. DOI: 10.1039/D1TC04518K.

Generation and Enhancement of Currents and Magnetic Fields in a Two Dimensional Quantum Ring Using
Short Electromagnetic Pulses
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We present the study of the SiGe quantum ring(QR) modeled by an anharmonic axially symmetric potential with
a centrifugal core in the effective mass approximation. We show how the femtosecond laser pulses (FLPs) can be
used efficiently for controlling the induced current and magnetic field. We have compared the strength of induced
currents and magnetic fields with and without a pulsed laser which shows a substantial change. The spin-orbit
interaction(SOI)and Zeeman energy show a massive impact on the generation and enhancement of these induced
current and magnetic fields. These induced currents and magnetic fields have many applications in interdisci-
plinary areas. We have shown that the SOI presence with the FLP fields while competing with the confinement
strength lowers the strength of the induced current and field.

High-resolution Study of Changes in Morphology and Chemistry of Microphase Separated PS-b-PMMA
Thin Films After Selective Removal of PMMA

Harikrishnan Venugopal?, Julius Biirgers, Daniel Kool?, Teresa de los Arcosb, Alejandro Gonzalez Orives,
Guido Grundmeier¢, Katharina Brassat2 and Jorg K.N. Lindnera*

aDepartment of Physics, Paderborn University, Germany
bDepartment of Chemistry, Paderborn University, Germany
cInstitute of Materials and Nanotechnology, Univ. de La Laguna, Spain

Block copolymer lithography (BCP) is one of the emerging techniques for the production of nanostructured
lithography masks with feature sizes in the single-digit nanometer regime [1]. These masks are obtained by a
microphase separation of the BCP consisting of two blocks of immiscible polymer species, A and B, which are
covalently bond in a BCP chain. The microphase separation results in, e.g., periodically arranged cylinders or
lamellae of A in a matrix of B. Among the BCPs, polystyrene-b-polymethylmethacrylate (PS-b-PMMA) is the most
commonly used. Recent studies [2] reveal an intermixing between PS and PMMA across the microdomain
interface after microphase separation. However, the abruptness of the BCP microdomains is crucial, when BCPs
are considered for high-resolution lithography. Further processing steps to obtain a BCP mask typically include
the selective removal of PMMA. Therefore, detailed investigations of the PS mask wall morphology after selective
removal are mandatory.

To give insights into changes in morphology and surface chemistry, we compare the mask features after PMMA
removal by either dry or wet etching using analytical (scanning) transmission electron microscopy (STEM) as
well as X-ray photoelectron spectroscopy (XPS) and polarization modulated infrared reflection absorption
spectroscopy (PM-IRRAS). In addition, PS-co-PMMA random copolymer (RCP) brushes which are frequently used
as substrate functionalization layers aiding controlled BCP self-assembly are investigated to understand the
impact of the dry and wet etching processes. These insights will allow to understand each processing steps and
enhance the precision of features created by block copolymer lithography.

Solid Phase Synthesis of Molecularly Imprinted Polymers Using Different Rigid Substrates

S. Shiva Samhitha2*, Camila Quezada?, Adrian Ges Naranjoz, Javier O. Moralesb, Gabriela Sanchez
Sanhueza?, and M. Melendrez2

aGrupo Interdisciplinario de Nanocompuestos Avanzados (GINA), Departamento de Ingenieria de Materiales
(DIMAT), Facultad de Ingenieria, Universidad de Concepcion, Chile

bDrug Delivery Laboratory, Departamento de Ciencias y Tecnologia Farmacéuticas, Facultad de Ciencias Quimicasy
Farmacéuticas, Universidad de Chile, Chile

Molecularly Imprinted Polymers (MIPs) are synthetic receptors produced from polymers in the presence of a
template molecule. NanoMIPs are fabricated by copolymerizing functional monomers, cross-linkers, and a
template molecule. Structurally and electrostatically complementary vacancies are generated upon removing the
template. NanoMIPs use a "lock and key" method to selectively bind their molecule, like natural antibody-antigen



systems. They facilitate biological receptors specificity and selectivity in an inexpensive and durable way. MIP
synthesis involves immobilizing a template molecule on a solid substrate - glass beads, polymerizing with
functional monomers and cross linkers, which subsequently includes extraction of template molecule to leave
imprinted cavities for target-specific rebinding. Tryptophan, an amino acid based nanoMIPs was synthesized
using 3 different solid substrates, the traditional glass beads of diameter 75-90 um whereas the other two
substrates being glass slides (GS) and glass covers(GC). The average size of tryptophan nanoMIPs synthesized on
glass beads are 250 nm, whereas on GS and GC it varies in the range of 60-100 nm. To the best of our knowledge,
this is the first study using GS &GC solid substrates for synthesizing nanoMIPs leveraging with the lowest possible
size achieved in comparision to the traditional method. It is known that smaller sized nanoMIPs have larger
surface area and faster binding kinetics resulting in higher sensitivity for target molecule detection and also
exhibit reduced non-specific binding. Our future work is targeted towards mobilising these MIPs onto gold
nanoparticle based SERS substrate for further analysis of binding affinity.

Luminescent and Electrical Properties of Silver Nanoparticles Embedded in Thiourea-grafted Pectin

Araceli Granja Alvear2*, Silvana Chiriboga2, Wilmer Sebastian Ojeda?, Carlos ReinosoP, Maria Paulina
Romeros, Jests Gonzalezd, Luis Borrerod, Gottfried Suppan?, Juan Pablo Saucedo Vazquez?, Lola De Limaa
and Floralba Lopez2

aYachay Tech University, School of Chemical Sciences & Engineering, Ecuador

bYachay Tech University, School of Physical Sciences & Nanotechnology, Ecuador
cLaboratorio de Nuevos Materiales (LANUM). Escuela Politécnica Nacional, Ecuador
dLaboratorio de Optica Aplicada Pontificia Universidad Catélica del Ecuador. Quito, Ecuador

Thin films of pectin grafted with thiourea and epichlorohydrin were prepared and silver nanoparticles were
loaded onto them. Their electrical properties were evaluated by electrical impedance for determination of their
ionic conductivities, while the electron conductivities, and band gap energy, were estimated by Tauc plot using
the diffuse reflectance measurements. From results obtained can be inferred that the ionic conductivity of pectin
is decreased due to the grafting polymerization process, but the incorporation of silver nanoparticles is
advantageous for the ionic conductivity of the nanocomposite. Meanwhile, electrical conductivity, both the
grafting polymerization process and the silver nanoparticles embedding increase the band gap energy. In
addition, an emission study led to the observation of a notable increase of the luminescent properties of prepared
films.
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Magnetoplasmonic Nanocapsules as Wirelessly Controlled Nanotherapies
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Advanced nanobiomedical applications have been traditionally based on chemically synthesized inorganic
nanoparticles. Here we present a novel type of structure especially suited for diverse biomedical uses:
magnetoplasmonic nanodomes [1,2]. The nanodomes are composed of magnetoplasmonic semishell deposited
onto 100-200 nm diameter polymer beads. The very high plasmonic absorption of the nanodomes in the near-
infrared is used for very efficient local optical heating for cancer treatment [1]. The nanodomes magnetic
character allows to remotely manipulate them to easily regulate the level of photo-hyperthermia. Moreover, their
asymmetric shape exhibits strong optic and magnetic anisotropies. Thus, rotation of the nanodomes using
alternating magnetic fields can be tracked optically using their different absorption depending on the orientation.
Since the rotation of the nanoparticles depends strongly on the viscosity of the medium, which in turn depends
on the temperature, the optical tracking of the rotation can be used to accurately determine the local temperature
change around nanodomes [2], allowing in-situ tracking the photo-hyperthermia treatments. The same
nanodome concept can be extended to drug delivery, where the semishell allows for remote control of the
nanocapsule, or MRI tracking of the beads [3]. This concept of magnetoplasmonic nanocapsules loaded with
Paclitaxel drug has enabled complete eradication of the tumors in vivo in mice by combining magnetic
concentration and photothermal actuation, using a drug concentration between 200 and 500-fold lower than the
therapeutic window of the free drug. We have extended this nanocapsules concept to combine simultaneous
photodynamic and photothermal therapies, or enhanced antibiotic effects.

Magnetic Nanomotors to Navigate in Complex Environments
Miguel A. Ramos Docampo* and Brigitte Stadler
Interdisciplinary Nanoscience Center (iNANO), Aarhus University, Denmark

Nano/micromotors (or swimmers) are a class of active matter that can convert an input energy into kinetic
energy to outperform Brownian motion.! Among the possible options, magnetic fields are a reliable source to
propel motors since they can be easily tuned and present no risks to living organisms if applied in a biological
context. One of the major challenges regarding motors and biomedicine is to use the motors’ power to reach
cytosolic placement, i.e., to avoid remaining trapped in lysosomes. Theoretical approaches have been conducted
to identify the interaction between particles and cell membrane models. However, the experimental validation of
these models is still limited.

Here, we use magnetic micromotors to assess their interaction when navigating in an environment that contains
giant unilamellar vesicles (GUVs) as simple mimics of cell membranes. With the aim to understand the
requirements for motors to cross the membranes, different parameters were considered, such as motor size and
coating, lipid membrane composition, density of the medium and the magnetic field strength.

Taken together, we could identify fundamental design criteria for motors that exhibit sufficient power to cross an
important biological barrier i.e., lipid bilayers.

[1] M. A. Ramos Docampo. On nanomachines and their future perspectives in biomedicine. Advanced Biology,
2023,2200308.

Multifactorial Drug Delivery System Comprising Gold-nanoparticles Assembled with a-Synuclein

Seung R. Paik* and Eun-Jeong Nam



School of Chemical and Biological Engineering, College of Engineering, Seoul National University, South Korea

a-Synuclein (aS) is an amyloidogenic protein responsible for the Lewy body formation found in Parkinson’s
disease (PD). Based on its unique unit-assembly mechanism in which &S oligomers are assembled into amyloid
fibrils by acting as accreting units upon their structural alteration in the presence of external stimuli such as shear
force, heat, and solvents, gold nanoparticles (AuNPs) have been fabricated into hierarchical structures such as 1D
nano-chains, free-standing 2D films, and 3D microcapsules. In particular, the aS-AuNP microcapsules could be
employed to tackle tumor heterogeneity by integrating various cytotoxic agents. Upon proteolysis as a
pathological indicator, both hydrophobic drugs and inverted micelles carrying hydrophilic drugs inside are
released from the microcapsules framed with porous inner skeleton made of a biocompatible polymer of
poly(lactic-co-glycolic acid) which has been introduced to prevent the collapse of microcapsules and thus save
the micelles from their coalescence. The heterogeneous cancer cells are then eliminated all together by both
chemical and physical means, which includes various drugs specifically delivered into the cells, membrane
destabilization caused by the inverted micelles, and photothermal effect of the AuNP microcapsule remnants
engulfed by the cells. Therefore, the multifactorial cargo delivery system capable of handling the tumor
heterogeneity has been considered as a promising future biomaterial as Nano-Bio-Fusion Product.

Polymeric-based Nanomedicines Targeting Brain Lipid Metabolism: A Next Generation Therapy for
Neuron-related Diseases

Rosalia Rodriguez-Rodriguezab*, Jesis Garcia-Chica?, West Kristian D. Paraisod, Sebastian Zagmutts,
Xavier ArizaPc and Sabina Quaderd

aBasic Sciences Department, Faculty of Medicine and Health Sciences, Universitat Internacional de Catalunya, Spain
bCentro de Investigacién Biomédica en Red de Fisiopatologia de la Obesidad y la Nutricion (CIBEROBN), Instituto de
Salud Carlos 111, Spain

<Department of Inorganic and Organic Chemistry, Faculty of Chemistry, Institut de Biomedicina de la Universitat de
Barcelona (IBUB), Universitat de Barcelona, Spain

dInnovation Center of Nanomedicine, Kawasaki Institute of Industrial Promotion, Japan

The alarming global increase of neuron-related diseases such as neurodegeneration, obesity and related
complications suggest an urgent need for new therapeutic strategies. Pharmacotherapy alone or in combination
with either lifestyle modification or surgery, is consistent in maintaining a healthy body weight, and preventing
progression to obesity-related diseases. However, anti-obesity drugs are limited by non-specificity and
unsustainable weight loss effects. Therefore, further research is needed to develop new preventive and treatment
approaches to regulate energy homeostasis. Targeting brain lipid metabolism is a promising strategy to regulate
energy balance and fight metabolic diseases tightly controlled by brain cells. The development of stable platforms
for selective delivery of drugs, particularly to the hypothalamus, is a challenge but a possible solution for these
diseases. Attenuating fatty acid oxidation in the hypothalamus via carnitine palmitoyltransferase 1A (CPT1A)
inhibition leads to satiety, but this target is difficult to reach in vivo with the current drugs. We propose using an
advanced crosslinked polymeric micelle-type nanomedicine that can stably load the CPT1A inhibitor C75-CoA for
in vivo control of energy balance. Central administration of the nanomedicine induced a rapid attenuation of food
intake and body weight in mice via regulation of appetite-related neuropeptides and neuronal activation of
specific hypothalamic regions driving changes in the liver and adipose tissue. This nanomedicine targeting brain
lipid metabolism was successful in the modulation of food intake and peripheral metabolism in mice. This
investigation might contribute to the development and validation of a new generation of nanomedicine-based
approaches targeting brain cells.

Using Core Shell Extrusion to Achieve Functional Tissue Engineering Blood Vessels
Roman A Perezab* and Elia Boschab

aBioengineering Institute of Technology (BIT), Universitat Internacional de Catalunya (UIC), Sant Cugat del Valles,
Spain
bBasic Sciences Department, Universitat Internacional de Catalunya (UIC), Sant Cugat del Vallés, Spain



Blood vessels are key elements to provide tissues and organs with nutrients and oxygen. Short after tissue
damage, the formation of blood vessels are critical for successful tissue regeneration. Up to now, several methods
have been used to reproduce blood vessel-like structures, although they are generally complex with elevated
costs. The aim of this work is to develop a multilayered hollow hydrogel based fiber to mimic the architecture of
a blood vessel. To this end, we used the extrusion technique using a core-shell nozzle, utilizing alginate and
collagen as a main hydrogel composition. Human umbilical vein endothelial cells (HUVEC) and human smooth
muscle cells (hSMCs) were encapsulated in the core and in the shell, respectively. This extrusion method allowed
the production of a tissue engineered blood vessel-like (TEBV) structure in the range of arteries with low cost
and presenting high homogeneity between TEBV constructs. Furthermore, TEBVs constructs were able to
encapsulate HUVEC and HASMC, allowing their survival (over 90%) and proliferation within it. Additionally,
HASMC showed a perpendicular alignment, resembling the alignment of smooth muscle cells in native arterial
blood vessels. On the other side, HUVEC cells presented parallel alignment only in the initial cell culture period.
Further experiments require perfusion of these TEBV-like structures in order to induce the proper cell alignment
and maturation and functionality of the construct.

Carbon Nanostructure Derivatives as Fillers in Scaffolds for Tissue Engineering and Regenerative
Medicine

Ludovica Ceroni?, Samuel Pressi2, Matteo GasparottoP, Giorgia Scapin®, Silvia Barbon¢, Cesare Tiengos,
Elena Stocco¢, Francesco Filippinib, Andrea Porzionato¢, Miriam Mba Blazquez2 and Enzo Mennaa.d*
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Carbon nanostructures (CNSs), including carbon nanotubes (CNTs) and graphene-based materials, can be
employed as fillers in a biocompatible polymer phase, combining the properties of the two constituents to act as
functional materials for applications including medical devices, tissue engineering and biosensing.

Functionalizing CNSs with suitable organic groups is an effective strategy to increase the affinity between the two
phases, maximizing the desired effects while minimizing the loading and preventing cytotoxicity of the filler.

We synthetized CNT derivatives that can be efficiently dispersed in poly(l-lactic acid) and the resulting
composites have been processed in the form of films and electrospun nanofibers, to obtain scaffolds that are able
to promote neuronal growth and differentiation starting from either SH-SY5Y human neuroblastoma cells or
human circulating multipotent stem cells from peripheral blood, in the latter case even in the absence of
exogenous neurotrophins.

Extending the approach to other CNSs, such as reduced graphene oxide (RGO) and carbon nanohorns (CNHs),
showed how different dimensionalities give rise to different properties within the composite. Such observation
opens the possibility to design scaffolds for the regenerative medicine of different tissue types. Indeed, we
observed that, while nanocomposites based on highly conductive CNTs boost neuronal differentiation, less
conductive CNH and RGO fillers enhance the expression of myogenic markers.

An innovative surgical implant designed for nerve regeneration has been prepared by dispersing water soluble
CNT derivatives in an oxidized polyvinyl alcohol hydrogel matrix. In vivo tests show promising results in terms of
biocompatibility and effectiveness in restoring.

3D Printable Nanocomposite for Bioinspired and Functionalized Microneedles
P. A. Santa-Cruz*, A.S. Albuquerque and J.V. dos Anjos

Departamento de Quimica Fundamental, Federal University of Pernambuco/UFPE, Brazil



This work presents a functionalized polymeric nanocomposite developed to produce printable microneedles in
two hierarchical size scales for drug delivery: the first one, bioinspired in the microstructures of urticating hairs
of sting nettle (Urtica dioica L.), characterized by their curved shape, and a second one, to cover the first,
constituted of multi-walled carbon nanotubes (MWCNT) oriented as nanoneedles for virus inactivation. The
bioinspired microneedles (BMN) are printed using high-resolution MSLA printers, stereolithography with 8K
LCD as a digital mask, with 405 nm radiation for photopolymerization. The produced BMNs present bactericidal
properties due to the self-growth of Ag0 nanoparticles growth in situ by photoreduction during this 3D printing
process. Also, the BMNs present an increased mechanical strength and thermal stability due to this photo-
reduced nanometric phase growth during the printing process. The synthesized resin with and without silver
dissolved completely in simulated body fluid, making it suitable for drug delivery by BMN dissolution. SEM
confirmed crystal-like microstructures, EDS mapping showed silver on the surface, and AFM analysis revealed
differences in roughness in the presence of silver. FTIR-ATR and UV-visible spectroscopy were used to study the
chemical composition and metallic silver in the nanocomposite. MWCNT alignment through electric fields has
possibilities for further investigation. The developed resin is suitable for printing medical devices with
bactericidal effects, which is important for transdermal drug delivery and self-decontamination capabilities.

[1]Benzothieno[3,2-b][1]-benzothiophene (BTBT)-peptide Hybrid Hydrogels for Bioelectronics
Miriam Mba*, Anna Fortunato, Rafael Cintra Hense and Stefano Casalini
Department of Chemical Sciences, University of Padova, Italy

The conjugation of small molecule organic semiconductors (OSCs) with self-assembling peptides is a powerful
tool for the fabrication of supramolecular soft-materials for organic electronics and bioelectronics. Herein we
present an hybrid system in which [1]benzothieno[3,2-b][1]-benzothiophene (BTBT), a popular OSC with a
striking high charge carrier mobility [1], has been conjugated to a self-assembling amphipathic peptide. We show
the formation of pH-triggered self-supporting hydrogels [2]. Using a pool of spectroscopic techniques we
demonstrate that supramolecular long range 1D structures are enabled by the synergistic action of both 3-sheet
peptide formation and strong n-n stacking between BTBT chromophores. Moreover, the material showed a
conductivity up to 1.6 (¥0.1) x 10-5 S cm~! when deposited on gold interdigitated electrodes.

[1] Yuan, Y;; Giri, G.; Ayzner, A.L.; Zoombelt, A.P.,; Mannsfeld, S.C.; Chen, ].; Nordlund, D.; Toney, M.E;; Huang, |.; Bao,
Z. Ultra-high mobility transparent organic thin film transistors grown by an off-centre spin-coating method. Nat.
Commun. 2014, 5, 3005.

[2] Fortunato, A.; Hensel, R.C;; Casalini, S.; Mba, M. Self-Assembly and Electrical Conductivity of a New
[1]benzothieno[3,2-b][1]-benzothiophene (BTBT)-Peptide Hydrogel. Molecules 2023, 28, 2917.

Suitability of Microwave Radiation for the Synthesis of Bioactive Glasses
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alnstituto Universitario de Tecnologia Cerdmica (IUTC), Universitat Jaume I (U]I), Spain
binstituto de Tecnologia de Materiales, Universitat Politécnica de Valéncia (UPV), Spain

It is well known that the use of microwaves results in rapid and uniform heating (no selective heating of the
surface), energy saving process (low power consumption in order to reach low to moderate working
temperatures), higher yield and shorter preparation time, lower processing cost, small narrow particle size
distribution and high purity. Based on that, the main objective of this work was to synthesise bioactive glasses by
a hydrothermal chemical route assisted by microwaves.

The bioactive glass 58S (58% SiO2, 33% CaO and 9% P:0s in wt%) has been chosen as the working composition.
Aqueous-based solutions were prepared employing different alkoxides and salts. Then, the sols were heated
using a microwave digestion system (MW Ethos One, Milestone) testing different temperatures and pressures.
Finally, the resulting material was crushed to a powder and stabilised by a thermal treatment using a lab-made
microwave sintering furnace. Moreover, the same glass was synthesised by the sol-gel method, stabilised using a
conventional furnace and taken as reference.All glasses were immersed in simulated body fluid (SBF) up to 14
days following a standard protocol. Before and after immersion, the glasses were characterised by means of



scanning electron microscopy, X-ray diffraction, energy dispersive X-ray spectroscopy and Fourier-transform
infrared spectroscopy.

Acknowledgement: The authors thank the Spanish Ministry of Universities the support provided by the Margarita
Salas postdoctoral contract (MGS/2022/20) financed by the European Union - NextGenerationEU

Two-photon Fluorescent (nano)probes for a Versatile Intracellular Detection and Quantification of Nitric
Oxide
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Nitric oxide (NO) is involved in numerous biological processes, playing an important role in the regulation of
diverse physiological and pathophysiological mechanisms of the cardiovascular, nervous and immune systems;
and alterations in the intracellular NO concentrations have been linked to a large number of diseased states.
Considering the significant role that NO plays in important biological functions, the development and
improvement of methods to detect and quantify intracellular NO are essential to further our understanding of
the biological roles of NO.

This contribution will present near infrared (NIR) excitable (nano)probes for the intracellular detection and
quantification of NO that take advantage of the high photostability, high biological tissue penetration and minimal
photodamage associated with this long-wavelength excitation. The (nano)probes are broadly applicable and are
able to detect and potentially quantify NO levels in an extensive range of cellular environments including
endogenous NO in RAW264.7y NO- macrophages and THP-1 human leukemic cells, and endogenous and
exogenous NO in endothelial cells. The (nano)probes accumulated in the acidic organelles of the tested cell lines
showing negligible toxicity. Importantly, the nanomaterials showed potential to quantify intracellular NO
concentrations in MDA-MB-231 breast cancer cells. Based on their excellent sensitivity and stability, and
outstanding versatility, the developed (nano)probes can be applied for the spatiotemporal monitoring of in vitro
and in vivo NO levels.

A Facile Approach for Producing Polypyrrole Microcapsules and Their Application in Bioelectrochemical
Sensing
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We present a facile and rapid approach for producing polypyrrole microcapsules that offers several advantages
over alternative methods. The proposed method is compatible with both vortex mixers and microfluidic chips,
enabling the efficient generation of microcapsules of very different sizes. Additionally, the chip geometry can be
modified to some extent, enabling size control over the resulting sub-micron particles. The capsules generated
exhibit excellent stability in solution and can be used in high-performance electrochemical devices. Our method
also avoids the need for surfactants or organic solvents, enabling new possibilities in biosensors, electronics, and
molecular delivery.



To illustrate the application of the microcapsules generated, we incorporated them onto screenprinted
electrodes, resulting in a remarkable increase in their electroactive surface area and capacitance. By further
modifying the electrodes with glucose dehydrogenase (GDH), we developed glucose biosensors. The introduction
of polypyrrole microcapsules significantly expanded the dynamic range of the glucose sensor, achieving a three-
fold wider linear range compared to sensors without the capsules. The glucose sensor operates at a constant
applied potential of 0.20 V vs. Ag/AgCl (3 M KCl) in an air-equilibrated electrolyte. The sensor exhibits a linear
response from 1.0 to 9.0 mM glucose, with a sensitivity of 3.23 pA cm-2 mM-1 (R2 = 0.993). The limit of detection
achieved is 0.09 mM, and the sensor preparation is highly reproducible (RSD = 3.6%).

Safety Assessment of 2D Materials at the Skin Level
Marco Pelin*
Department of Life Sciences, University of Trieste, Italy

Safety issues of 2D materials (2DM) for human health are mainly associated with an occupational exposure
during their production process along their life cycle. In this context, cutaneous contact is certainly one of the
most important exposure routes to these materials. In addition, technological applications implying a direct skin
contact are already available for some of them: beyond graphene-related materials (GRMs), several other 2D
materials are currently exploited in this sector, such as transition metal dichalcogenides (TMDCs, such as MoS2
andWS2), hexagonal boron nitride (hBN), MXenes and black phosphorus.

In this view, we have characterized the hazard posed by some of these 2DM using advanced in vitro skin tools,
such as a 3D model of human epidermis. The analysis did not allow only to gain knowledge on the main adverse
outcomes possibly exerted at the skin level (i.e. irritation and corrosion) by these materials, but also allowed to
shed light on their mode-of-action at the epidermal level.

Preclinical Development and Evaluation of Formulated Fish Peptides to Support Management of
Hypertension

Sinéad M. Ryan=*, Minna Khalid Danish2b, John P. Gleeson?, Hugh J. Byrneb, David J. Brayden2 and Jesus M.
Friasb
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The angiotensin-converting enzyme inhibitory peptides, lle-Pro-Pro (IPP) and Leu-Lys-Pro (LKP), both isolated
from fish, have shown antihypertensive activity. However, the oral bioavailability of both peptides is low due to
poor uptake in the gut. IPP and LKP were formulated into nanoparticles using chitosan via ionotropic gelation
and then coated with zein. Following addition of zein, a high encapsulation efficiency of 80% was obtained for
the nanoparticle. In simulated gastric fluid, 20% cumulative release of the peptides was achieved after 2 hours,
whereas in simulated intestinal fluid, ~90% cumulative release was observed after 6 hours. Higher colloidal
stability (39-41 mV) was observed for the coated nanoparticles compared to uncoated ones (30-35 mV). In vitro
cytotoxicity studies showed no reduction in cellular viability of human intestinal epithelial Caco-2 and HepG2
liver cells upon exposure to nanoparticle components. In spontaneously hypertensive rat studies, oral delivery of
the nanoparticles exhibited an enhanced antihypertensive effect (for 8 hours) of both IPP and LKP with a longer
therapeutic effect compared to free peptides. The data was similar to the standard commercial therapeutic,
captopril. This suggests that the nanoparticle provided increased intestinal absorption and sustained release to
achieve prolonged hypotensive effects of both peptides in vivo. Oral administration of IPP/LKP nanoparticles
might be a potential strategy for hypertension treatment in the future.

Biomimetic Multifunctional Materials

Lluis Oliver-Cervell62b and Carlos Mas-Morunoab*
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Mimicking bone extracellular matrix is paramount to develop novel biomaterials for bone tissue engineering. In
this regard, the combination of integrin-binding ligands together with osteogenic peptides represents a powerful
approach to recapitulate the healing microenvironment of bone. In the present talk, we will discuss the
synergistic effects achieved by chemically controlling the combination of the cell adhesive peptide RGD with a
peptide derived from bone morphogenetic protein-2 (BMP-2), the DWIVA sequence. Preliminary studies showed
the capacity of the peptides to engage in integrin-growth factor signaling (Adv. Healthcare Mater. 2021, 2001757),
and their potential to promote human mesenchymal stem cells adhesion and osteogenic differentiation, as well
as formation of new bone in vivo on titanium implants (Adv. Healthcare Mater. 2022, 2201339). Subsequently we
will explore the translation of this strategy to protease-degradable polyethylene glycol (PEG)-based hydrogels,
thus expanding the scope of these peptides to more complex 3D systems.

Acknowledgements: This work has received funding from the European Union’s Horizon 2020 research and
innovation Programme under the Marie Sklodowska-Curie Grant Agreement No. 872869 (project Bio-Tune, RISE)
and from the Spanish State Research Agency (PID2020- 114019RB-100).

Nanoactuators for Therapy and Diagnosis
Jesus M de la Fuente*
Instituto de Nanociencia y Materiales de Aragén, CSIC-Universidad de Zaragoza & CIBER-BBN, Spain

In the last decades, inorganic nanoparticles have been steadily gaining more attention from scientists from a wide
variety of fields such as material science, engineering, physics, or chemistry. The very different properties
compared to that of the respective bulk, and thus intriguing characteristics of materials in the nanometre scale,
have driven nanoscience to be the centre of many basic and applied research topics. Moreover, a wide variety of
recently developed methodologies for their surface functionalization provide these materials with very specific
properties such as drug delivery and circulating cancer biomarkers detection. In this talk we describe the
synthesis and functionalization of magnetic and gold nanoparticles as therapeutic and diagnosis tools against
cancer.

Gold nanoprisms (NPRs) have been functionalized with PEG, glucose, cell penetrating peptides, antibodies
and/or fluorescent dyes, aiming to enhance NPRs stability, cellular uptake, and imaging capabilities, respectively.
Cellular uptake and impact were assayed by a multiparametric investigation on the impact of surface modified
NPRs on mice and human primary and transform cell lines. Under NIR illumination, these nanoprobes can cause
apoptosis. Moreover, these nanoparticles have also been used for optoacoustic imaging, as well as for tumoral
marker detection using a novel type of thermal ELISA and LFIA nanobiosensor using a thermosensitive support.

Promoting Effect of a Calcium-responsive Self-assembly (-sheet Peptide on Collagen Intrafibrillar
Mineralization

Zhongcheng Li* and Linglin Zhang

State Key Laboratory of Oral Diseases, National Clinical Research Centre for Oral Diseases, Department of Cariology
and Endodontics, West China Hospital of Stomatology, Sichuan University, China

Recently, a de novo synthetic calcium-responsive self-assembly 3-sheet peptide ID8 (Ile-Asp-Ile-Asp-Ile-Asp-Ile-
Asp) has been developed to serve as the template inducing hydroxyapatite nucleation. The aim of this study was
to evaluate the effect of ID8 on intrafibrillar mineralization of collagen making full use of its self-assembly ability.
The mineralization experiments were carried out in vitro on both bare type I collagen and fully demineralized
dentin samples. The calcium-responsive self-assembly of ID8 was revealed by circular dichroism spectrum, 8-
anilino-1-naphthalenesulfonic acid ammonium salt hydrate assay, attenuated total reflection Fourier transform
infrared spectrum (ATR-FTIR) and transmission electron microscope (TEM). Polyacrylic acid (450 kDa) with a



concentration of 100 mg/L was selected as the nucleation inhibitor based on the determination of turbidimetry
and TEM with selected area electron diffraction (TEM-SAED). The results showed that collagen intrafibrillar
mineralization was significantly promoted with the pretreatment of self-assembly ID8 detected by TEM-SAED,
SEM, X-ray diffraction and ATR-FTIR. The pretreatment of collagen utilizing self-assembly ID8 not only enhanced
intermolecular hydrogen bonding, but contributed to calcium retention inside collagen and significantly
increased the hydrophilicity of collagen. These results indicated that peptides with self-assembly properties like
ID8 are expected to be potential tools for biomimetic mineralization of collagen.

New Approaches to Inhibit miRNAs in an Atherosclerosis Pre-clinical Model
Noemi Rotllan Vilaab*

alnstitut d’Investigacio Biomeédica Sant Pau (I1IB SANT PAU), Spain
bCIBER de Diabetes y Enfermedades Metabdlicas Asociadas (CIBERDEM), Spain

It is known that several microRNAs (miRNAs) have an important regulatory role during the different stages of
the atheroma plaque formation. In preclinical studies, the regulation of its expression has been shown beneficial
outputs in the treatment of atherosclerosis. Thus, the therapeutic targeting of miRNAs represents an attractive
approach for the treatment of atherosclerosis in preclinical and clinical studies. Different approaches have been
undertaken to decipher the potential of miRNA therapeutics. To repress pathological miRNAs or over-express
protective miRNAs, miRNA inhibitors or miRNA mimics, respectively, have been employed. Despite significant
achievements in the field, cellular uptake, the potential need for multiple doses to achieve the desired effect,
biodistribution, the ability to target a specific tissue or cell, the unpredictable and unwanted side effects and
toxicity still remain the major limitations for miRNA-targeting therapies. All of these challenges have emphasized
the need to develop more efficient delivery systems for miRNA therapeutics in the context of atherosclerosis.
Thanks to the development of nanotechnology in the molecular biology field, novel delivery miRNA-base
therapies have emerged. The use of an innovative therapeutic approach for targeting miRNAs in vivo using a pH
Low-Insertion Peptide it might be of interest. Moreover, the incorporation of miRNA into sHDL with therapeutic
purposes is promising. Thus, a miR-sHDL could be an innovative technique and a powerful vehicle tool for
searching overexpression or inhibition of key miRNAs in atherosclerotic plaques.

Crystalline Titania Formation on Ti-based Dental Implants and its Role in Biocompatibility

Benedetta Albini*, Pietro Galinetto2, Maddalena Patrini?, Giampiero Pietrocola® and Saturnino Marco
Lupic

aDepartment of Physics, University of Pavia, Italy
bDepartment of Molecular Medicine, University of Pavia, Italy
cDepartment of Clinical Surgical, Pediatric and Diagnostic Sciences, University of Pavia, Italy

Titanium is the most used material in the dental implant market since it displays mechanical and physical
characteristics that lead to high survival and successful osseointegration rates. However, titanium is a bioinert
material, thus the increased biocompatibility is imparted by an amorphous nanometer layer of TiO [1], that
naturally and easily formed on the external surface. The highly defective titanium oxide layer can be ordered after
high temperature heating or anodizing treatments, leading to the formation of a crystalline phase (anatase or
rutile). In this regard, a crucial issue is to deeply understand the development of TiO, phases as a function of
manufacturing processes and to what extent its crystallinity relates to its biocompatibility. Raman spectroscopy
(RS), based on the inelastic scattered of light upon application of a monochromatic incident source, is a well-
established technique to monitor TiO, formation. Moreover, RS allows to characterize TiO; in term of crystal,
crystalline quality and eventually nanoscale morphology. The aim of this research is to carefully characterize by
means of RS investigation, the surfaces of different implants realized with the most diffused Ti-based materials:
commercially pure titanium implants and Ti-6Al-4V alloy [2,3]. The RS results have allowed to evaluate the
effectiveness of the different investigated surface treatments by extracting a semi-quantitative parameter that
relates to the titania crystallinity. The RS evidence has been corroborated, explained, and complemented by



Scanning Electron Microscope with Energy Dispersive X-ray probe, X-Ray Fluorescence measurements. All these
data are discussed in light of antibacterial activity tests.
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Bilayer Hydrogels for Improved Oocyte Maturation
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In the field of assisted reproductive technologies, oocyte in vitro maturation (IVM) is emerging as a promising
solution to overcome the limitations associated with traditional ovarian stimulation methods. However, current
IVM protocols lack standardization and often produce lower-quality oocytes compared to those naturally
matured in the female body. To address this challenge, innovative biomaterials, particularly hydrogels, offer
distinct advantages in cell culture. They provide a three-dimensional cellular environment and enable easy
adjustment and characterization of mechanical properties, such as stiffness. In this context, an innovative and
reusable bilayer hydrogel system has been introduced to accurately replicate the mechanical properties of the
microenvironment surrounding oocyte maturation. This innovative system consists of an outer layer made from
either a 3D-printed synthetic polymer (2-vinyl-4,6-diamino-1,3,5-triazine) or a natural polymer (chitosan),
paired with an inner layer composed of alginate. By faithfully mimicking the mechanical properties of native
tissue within a 3D culture environment, this system significantly improves the quality and developmental
potential of oocytes, leading to successful embryo development. It represents a significant advancement in
assisted reproductive technologies by addressing the issues of non-standardized IVM protocols and the
production of lower-quality oocytes. This innovation has the potential to revolutionize the field and improve the
outcomes of assisted reproductive procedures.

Surface-enhanced Raman Spectroscopy (SERS) and Artificial Intelligence in Biomedical Research
A. Skvortsova*, A. Trelin, V. Svorcik and O. Lyutakov
Department of Solid State Engineering, University of Chemistry and Technology, Czech Republic

Surface Enhanced Raman Spectroscopy (SERS) is a powerful analytical technique that can provide complex and
multidimensional spectra of biomolecules. Due to its sensitivity and low detection limit, SERS is especially useful
in the bioanalytical and medical fields, for the detection of disease markers, proteins and other relevant
(bio)molecules. However, interpreting of SERS data can be challenging especially in the case of real and complex
samples, which contain a large number of unwanted background molecules. In this case the Raman signal from
all biomolecules is enhanced, leading to peaks overlapping and making the manual spectra interpretation almost
impossible. The application of artificial intelligence (AI) algorithms can facilitate the identification of SERS
patterns and relationships in the data, which may not be readily apparent to human analysts. This integration of
Al with SERS analysis can lead to the development of highly sensitive and specific analytical and diagnostic tools
that can be used in various fields, including bioanalysis and medicine. The combination of Al and SERS offers new
opportunities for the detection and identification of targeted biomolecules at very low concentrations. In our
work, we demonstrated the AI-SERS combination for the detection and identification of proteins and DNA
molecules (at picomolar concentrations), which provides possibilities for the early detection of diseases. In
addition, we also applied the SERS-AI combination for the monitoring of various biological processes, including
noninvasive and nondestructive monitoring of stem cell growth as well as monitoring of bacteria antibiotic
resistance development.



Development of Washable Antifungal Textiles Through Chemical Reaction of Fluconazole and
Trichlorotriazine
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