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Foreword

On behalf of the Steering, Programme and
Technical Committees we take great pleasure in
welcoming you to Lisboa (Portugal) for the 6
edition of the nanoPT International Conference
(nanoPT2018).

The aim of nanoPT is to bring together again the
Portuguese  and International Community
(students, researchers, engineers and stakeholders
from academia, national laboratories, industry and
other organisations) to discuss the latest
developments and innovations in the fields of
Nanoscience and Nanotechnology.

We are indebted to ThermoFisher Scientific and
Lusofona University for their financial support. We
would also like to thank the following companies
for their participation as exhibitor: ScienTec
Ibérica, Paralab, Tecnasa, ThermoFisher Scientific
and Specs.

In addition, thanks must be given to the staff of all
the organising institutions whose hard work has
helped planning this conference.

We would like to thank all participants, speakers,
sponsors and exhibitors that joined us this year.
Hope to see you again in the next edition of
nanoPT (2019).
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Malvern and PANalytical are pleased to announce that effective 1 January 2017 they will be merging their
activities.
Both companies are owned by parent company Spectris plc and are operating companies within the
Materials Analysis segment of Spectris. Both companies are world leading suppliers of analytical
instrumentation, PANalytical for X-ray instrumentation and software for the purpose of materials analysis
and Malvern Instruments for materials and biophysical characterization technology. The combined entity
is a strong player in the materials characterization market and will be able to leverage the strengths of the
individual companies in their end markets ranging from building materials to pharmaceuticals and from
metals and mining to nanomaterials.
The merger is based on the belief that there are clear benefits through this more collaborative
relationship, leveraging the very strong brands and highly-skilled employees of the two companies, in
order to deliver a more complete range of products, solutions and services to a broader set of markets and
customers.
The companies will be working together to ensure a smooth and effective integration guaranteeing our
usual high level of support to all our customers. The combined group will continue to develop and invest in
the Malvern and PANalytical technologies and the highly-talented workforce.
Eoghan O’Lionaird, Business Group Director responsible for the Materials Analysis segment within Spectris,
says: “This is an exciting time for Malvern and PANalytical. Joining the two companies will enable us to
leverage new resources to further grow our service offering and add even more value to our clients and
customers. We are committed to ensuring a smooth integration process and will be actively engaging with
our customers on how the combined entity can better serve their needs.”

www.malvernpanalytical.com

luis.vital@panalytical.com
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SScienTec Ibérica

Scientec Ibérica specializes in surface analysis at the micro-nano scale in the fields of nanotechnology,
Scientific Research, R&D&I and Industrial Metrology and microfabrication.
Scientec provides innovative products for topographycal metrology and chemical characterization.
By high resolution topographic characterization we mean: AFM microscopes, optical and mechanical
profilers, interferometers, digital holography, nanoindentation, filmetrics thin film and special 3D confocal
for high aspect ratio geometries and reverse engineering (CAD).
By Chemical characterization we mean, high resolution microRaman, IR nanoespectroscopy, TERS,
nanocalorimetry and ultrahigh vacuum spectroscopy systems ESCA, XPS, ARPES.
www.scientec.es
Info@scientec.es

>}

@] QuantumDesig

LOT-QuantumDesign group is a leading European distributor of high-quality scientific instruments and
components supplying academic and industrial scientific research customers. The group offers
components and systems used in material sciences, imaging, spectroscopy, photonics, nanotechnology
and life science research. The group was founded almost 45 years ago and now employs more than highly-
qualified 140 staff across Europe. The headquarters are in Darmstadt, Germany, further offices are located
in Paris, London, Rom und Lausanne. Together with the parent company Quantum Design International
Inc. and sister companies in North America, Asia and South America LOT-QuantumDesign offers the only
global distribution network for high-tech instruments.

www.lot-qd.com

ﬁﬁ% Grupo LLC. €C_

Founded in 1977, the group I.L.C. - Laboratory and Scientific Instruments, Lda, commercializes all kinds of
analytical solutions for scientific research and quality control. Present in all Portuguese territory and
Portuguese Autonomous Regions, we cover activity sectors and areas as diverse as environment, life
sciences...

www.ilc.pt
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P. Alpuim*2, R. Campos?, E. Fernandes?, P.D.
Cabral*? F. Cerqueira®?, J. Borme!

1INL - International Iberian Nanotechnology Laboratory,
Braga, Portugal
2 Center of Physics, University of Minho, Braga, Portugal

pedro.alpuim.us@inl.int

Highly target-specific
graphene devices for
biomedical applications

The importance of biosensors in biomedical
research is increasing fast, as they are routinely
used in a wider range of applications, from
prognosis and diagnosis to personalized medicine.
Graphene low-dimensionality, high carrier mobility
and chemical stability, allow to fabricate relatively
simple and highly sensitive biosensors with
transducing capability, based on different types of
devices. lon-sensitive field-effect transistors
(ISFETs), where the graphene channel is directly
exposed to the analyte, have exceedingly high

sensitivity, whereas electrochemical
microelectrode arrays (EMAs) have all the
advantages of single microelectrodes (higher

current density, faster mass transport and lower
detection limits), while providing amplification of
the signal by the array. In this work we fabricate
both ISFET and EMA devices. Using EMAs for direct
detection of DNA hybridization based on cyclic
voltammetry and electrochemical impedance
spectroscopy, we achieved detection of a 25
nucleotide long target DNA in the range 5 pM to 50
nM, with single nucleotide polymorphism (SNP)
sensitivity.

Graphene immuno-ISFETs with a receded,
integrated gate architecture, are fabricated at the
200 mm wafer scale, for detection of a panel of
biomarkers of the hemorrhagic transformation of
ischemic stroke. Specific target biorecognition
requires surface functionalization and so we
immobilize probe molecules on graphene, using a
pyrenic linker (PBSE) that binds to graphene
through m-m interactions, and reacts with a primary
amine from the antibody protein at the other end
of the molecule. The device is able to detect MMP-
9 in concentrations down to 0.01 ng/mL, in a range
up to 10 ng/mL. Compared to existing MMP-9
immunoassays, it has a shorter time to diagnostic
since it is based on a simpler label-free protocol.
For use of the ISFET as genosensor we
functionalized graphene with the same 25
nucleotide DNA sequence used before, with a C7-
amino modification on the 3’-end that binds to the
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ester group of the PBSE linker. Fully complementary
target DNA is detected in a linear range between 1
aM and 100 fM, with SNP sensitivity down to 10 aM.
The results are normalized for different initial probe
surface densities, estimated by fitting the transistor
transfer curves to an electrostatic model relating
the observed shift in the charge neutrality point to
local gating induced by the negatively charged DNA.
The results of this work pave the way for a wide
range of application of graphene devices in analyte
detection for the health and food industries.

References

[1]  N.C.S.Vieiraetal., J. Phys.: Condens. Matter,
28 (2016) 085302

[2]  A. Bonanni, M. Pumera, ACS Nano, 5 (2011)
2356

[31 Y. Ohno, K. Maehashi, K. Matsumoto, J. Am.
Chem. Soc., 132 (2010) 18012
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Figure 1: Layout of the EMA and Raman map (bottom right) of one
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Figure 2: Graphene ISFET channel functionalization steps for
biorecognition.
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Maria Cristina Bonferoni

Dep Drug Sciences, University of Pavia,
Vle Taramelli 12, Pavia, Italy

cbonferoni@unipv.it

Nanoparticle systems based

on hydrophobically modified

chitosan

Electrostatic interactions between the amino
groups of chitosan and the carboxylic groups of
fatty acids, such as oleic acid, result in
hydrophobically modified polymers (HMC) that in
aqueous medium undergo self-assembling in
polymeric micelles. These nanostructures are
characterized by the presence of hydrophobic
domains in which poorly soluble drugs can be
loaded to improve their colloidal dispersion in
aqueous environment [1,2].

The amphiphilic properties of the HMC can be
exploited to stabilize o/w nanoemulsions. In these
cases the hydrophobic moieties of the polymer
arrange at the interface between aqueous
continuous phase and oil droplet surface while the
hydrophilic chains form a shell around them.
Positive charge and steric effect of the
polysaccharide contribute to further emulsion
stabilization. The peculiar stabilization efficiency is
probably due to the high number of anchoring
points of the HMC at the o/w interface [3]. It has
been seen that the chitosan shell maintains the
peculiar bioactive properties of chitosan, such as
for example mucoadhesion, antibacterial effect,
wound healing promotion. This has been verified
by encapsulating essential oils, such as lemongrass,
whose antimicrobial activity was not only
maintained but even improved after encapsulation
in chitosan oleate. This result can be attributed not
only to improved distribution of the oil in water,
but also to antimicrobial properties of chitosan
and oleic acid. It was moreover observed that
encapsulation of the antioxidant alpha tocopherol
improves its activity in promoting wound healing
[4,5].

The amphiphilic properties of HMC can be also
exploited to prepare nanoparticles by methods
involving an emulsification step. This is the case of
polymeric nanoparticles based on hydrophobic
biodegradable polymers, such as PLGA, or of lipid
based systems, such as solid lipid nanoparticles
(SLN) or nanostructured lipid carriers (NLC). In
both cases the use of HMC to stabilize
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nanoemulsions during the preparation process
results in chitosan coated nanoparticles, as it was
confirmed by positive zeta potential values.

All these systems are especially suitable for topical
administration, for example in ocular pathologies,
mucosal lesions or inflammatory conditions and
skin  wounds. They represent quite versatile
carriers that can be loaded with poorly soluble
anti-infectives, antioxidant and anti-inflammatory
drugs.

References

[1] Bonferoni MC et al, Eur
Biopharm. 87, 101 (2014)

[2] Dellera E et al. Eur J Pharm Biopharm. 88,
643 (2014).

[3] Tadros T., Adv. Colloid Interface Sci. 147—
148 (2009) 281-299

[4] Bonferoni MC et al, Qil in water
nanoemulsions. W02016/063119 A1l.

[5] Bonferoni MC et al, Colloids and Surfaces
B: Biointerfaces 152, 385 (2017)

J Pharm

Figures

Figure 1: Interaction occurring between chitosan and oleic acid and a
scheme of polymeric micelles or nanoparticles based on it.
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Graphene-based
heterostructures as
spintronic devices

The integration of the spin degree of freedom in
charge-based electronic devices has revolutionized
both sensing and memory capability in
microelectronics.  Further  development in
spintronic devices requires electrical manipulation
of spin current for logic operations. In this
presentation we will show two examples of
graphene-based devices that work along this
direction.

The mainstream approach followed so far, inspired
by the seminal proposal of the Datta and Das spin
modulator [1], has relied on the spin-orbit field as
a medium for electrical control of the spin state [2-
4]. However, the still standing challenge is to find a
material whose spin-orbit coupling (SOC) is weak
enough to transport spins over long distances,
while also being strong enough to allow their
electrical manipulation. In our recent work [5], we
demonstrate a radically different approach by
engineering a van der Waals heterostructure from
atomically thin crystals [6], and which combines
the superior spin transport properties of graphene
with the strong SOC of MoS;, a transition metal
dichalcogenide with semiconducting properties
(Fig. 1). The spin transport in the graphene channel
is modulated between ON and OFF states by
tuning the spin absorption into the MoS: layer with
a gate electrode [5]. Our demonstration of a spin
field-effect switch using two-dimensional materials
identifies a new route towards spin logic
operations for beyond CMOS technology.
Furthermore, the van der Waals heterostructure at
the core of our experiments opens the path for
fundamental research of exotic transport
properties predicted for transition metal
dichalcogenides [7], in which electrical spin
injection has so far been elusive.

An alternative way to exploit spin currents for logic
operations is the recent proposal of a spin-orbit
logic [8] which takes advantage of the discovery of
new spin-to-charge conversion effects (spin Hall
effect, Rashba-Edelstein effect, spin-momentum
locking). Finding routes to maximize the
conversion efficiency is thus crucial. We show how
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to achieve a very large spin-to-charge voltage
output at room temperature by combining Pt with
a graphene channel [9], opening up exciting
opportunities towards the implementation of
these spin-orbit-based logic circuits.

Figures

Figure 1: False-coloured SEM image of the 2D van der Waals
heterostructure to be used for switching the spin transport. Purple
nanostructures are Co electrodes used for spin current injection and
detection in the graphene channel. The spin current flowing through
the graphene can be switched ON and OFF by modulating the
conductivity of MoS; with a backgate voltage.
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“Graphene and 2D
Materials” EUREKA Cluster:
Fostering

European Competitiveness

The “Graphene & 2D Materials” EUREKA cluster is
defined as a complementary enabling and
accelerator instrument in the European scene, fully
piloted by industries to further take graphene from
the mature research developed at academic
laboratories into the European society in the space
of 5 vyears, boosting economic growth, jobs
creation and international leadership and
investment attractiveness. This cluster will help
Europe having a more dominant position in
graphene patenting, will deploy the proper
winning industrial strategies to gain worldwide
competitiveness, and will ensure that for all
promising industrial sectors of technology
innovation, a fully integrated EU-value chain is
established, integrating into consortia the relevant
actors from low to high Technology Readiness
Levels (TRL).

The cluster will clarify the differentiating potential
in all sectors where EU-industries is strong and
could further gain in competitiveness and will
develop  proper incentives towards the
achievement of EU-leadership in the fields of
graphene commercialization and graphene-driven
technology improvement. The cluster will
elaborate and foster industrially-driven innovation
strategies, that will take advantage of the existing
excellent science and transnational platforms in
Europe (national networks, Graphene-Flagship,
etc.), and will focus on solving current challenges
which are limiting the time to market and business
growth of graphene-related EU companies.

Graphene has a huge potential to impact
established industrial sectors, building new
emerging industries and niche segments and
creating economic value. The “Graphene and 2D
Materials” Strategic Research Agenda currently
targets 7 interlinked priority R&D areas for Europe.
These areas are (1) Standardization, (2) Production
and Scalability, (3) Composites, (4) Energy, (5)
Biosensors and Health, (6) Optoelectronics and
Electronic Devices; (7) Functional coatings.
Currently, 243 Institutions from 27 countries
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(among them 154 companies) expressed interest
in joining the Cluster...
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Crecente-Campo, J.; Cordeiro, A.S.; Alonso, M.J.

Modulating the immune
system through
nanotechnology

Center for Research in Molecular Medicine and Chronic
Diseases (CIMUS), Campus Vida, Universidade de Santiago
de Compostela, Santiago de Compostela 15782,

Spain

jose.crecente@usc.es

Based mainly on the molecular principles that
govern the interaction between pathogens and
immune cells, nanotechnology has created a
tunable way of communication with the immune
system. Both, the composition and the
physicochemical characteristics of nanocarriers,
can influence their interaction with immune cells.
[1].

During my presentation | would like to
focus on the work that our team has been doing in
the vaccination field. We started working with
toxoid antigens, later with whole purified proteins
and, currently, we are focused on the use of
peptides and mRNA as purer and safer antigens. At
the same time, we have used different
nanotechnologies, such as nanoparticles and
nanocapsules. The evolution of our work has
moved from nanosystems that functioned as
monolithic compartments, where the carrier
worked as a simple antigen container, to a
nanosystems designed at a molecular level. We are
capable of modifying the physicochemical
properties of the nanosystems to drain more
favourably to the lymph nodes and to be uptaken
more efficiently by the immune cells. Besides we
can include different immunoregulators in the
nanosystems to potentiate the
immunostimulation, in the case of infectious
diseases or, on the contrary, to generate tolerance
in the case of autoimmune diseases.

With the modification of their
physicochemical properties and the incorporation
of different immunoregulators, NCs constitute
highly tuneable nanosystems that offers a whole
language in the communication with the immune
system.
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Figure 1: Summary of the influence of the physicochemical properties
of nanocarriers (particle size and surface charge) in the fate of the
nanosystems after administration: both particle size and surface
charge play an important role in the outcome of nanosystems once
administered, either by mucosal or parenteral routes.
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administration in the paw of mice.
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Charge-spin conversion in
atomically-thin van der
Waals heterostructures

Abstract

In the past decade, graphene has emerged as a
strong contender for next-generation spintronic
devices due to its long spin diffusion lengths and
gate tunable spin transport at room temperature
[1]. However, the lack of a band gap and its weak
spin—orbit coupling (SOC) pose major limitations
for injection and control of spin currents. The
recent capability to assemble layered crystals into
vertical heterostructures offers a realistic prospect
of overcoming graphene’s weaknesses [2]. When
graphene is paired with group-VI (semiconducting)
dichalcogenide monolayers [MX2 (M = Mo, W; X =
S, Se)], its band structure develops rich spin-orbital
textures via proximity effect [3], providing a clear
and exciting path towards realising all-spin logic
devices from ultra-thin and gate-tuneable van der
Waals (vdW) heterostructures.

In this talk, | will present an overview of our latest
results on graphene with interface-induced SOC [4-
5]. 1 will show that graphene-MX2 heterostructures
generally support current-driven spin polarization;
a relativistic transport phenomenon known as the
inverse spin galvanic effect (ISGE). Owing to the
characteristic spin winding of interfacial states in
graphene on a MX2 monolayer, the predicted ISGE
possesses striking similarities to charge-to-spin
conversion generated by ideal topologically
protected surfaces. The ISGE conversion efficiency
is found to be little sensitive to impurity scattering,
with the proper figure of merit attaining values as
great as 30% at room temperature [4]. The giant
charge-to-spin conversion in a graphene system
with proximity spin-orbital effects promises unique
advantages for low-power applications, including
the tuning of spin polarization by a gate voltage
(see Figure). The implications of our general
microscopic theory of charge-spin dynamics to 2D
Dirac interfaces of current experimental relevance
will be briefly discussed [5].
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Figure 1. Graphene is placed on top of an ultra-thin
semiconducting base with two types of atoms
forming an atomically-thin  “sandwich”. The
proximity to the semiconducting layer re-orients
the spin of conduction electrons in graphene,
allowing all-electrical generation of ‘spin signals’
(i.e., a net spin polarization) by application of a
small gate voltage. (Credit: A. Ferreira)
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Understanding the Surface Structure of
Aberration-Corrected

Lil,x[an]O4 by
STEM and EELS

Abstract

LifMn2]0s (LMO) is a well-known cathode material
for Li-ion batteries, but it is plagued with cyclability
problems  associated  with  the  surface
disproportionation of Mn (2Mn3* > Mn?* + Mn*)
and consequent loss of Mn?* to the organic liquid
electrolyte during electrochemical cycling.

In this paper, we use a combination of high-angle
annular dark-field (HAADF) aberration-corrected
scanning transmission electron microscopy (STEM)
and electron energy loss spectroscopy (EELS) to
identify the
composition of LMO. We confirm the underlying

atomic surface structure and
spinel structure and for the first time we find, in
as-processed LMO, a surface structure composed
of Mn30s and a lithium-rich Li1«Mn204 subsurface
layer which occurs as a result of the surface

reconstruction.

In addition, we have applied an aqueous acid
treatment, a non-aqueous chemical delithiation,
and an oxygen plasma treatment to LMO in order
to understand how this surface reconstruction is
affected by chemical treatments. We find that
Mn304 is a robust surface phase in the Liix[Mn2]O4
system regardless of the chemical treatment and
level of lithiation. The surface Mns04 phase is cubic
whereas bulk Mn3Os undergoes a cooperative
Jahn-Teller distortion to tetragonal symmetry.
Thicker Mn30s surface layers are tetragonal.
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Figures

Figure 1. HAADF STEM image of LiNio.4sMn15s04 along the [110]
zone axis. Shown in the figure are the normal spinel phase (blue),
the rock-salt phase (green) and the ring phase (red).

Figure 2. HAADF STEM image of LiNio.4sMn1.5504 along the [110]
zone axis. Observed are the normal spinel phase in the bulk (blue)
and the ring phase at the surface (red). No rock-salt phase is
observed in this image.
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Graphene nanocomposites in

chemical, energy related
electrocatalysis
and sensing

Graphene materials, including pristine graphene,
oxidized graphene and heteroatom doped
graphene, are revolutionizing the way high
performance devices are designed and fabricated,
particularly in the areas of sustainable energy and
environmental technologies.[1,2] From
environmental remediation and sensing to energy
conversions and storage, there are numerous
effective cases of graphene-based materials
applications.[3] Graphene materials are typically
coupled with other active materials as a
nanocomposite. With their outstanding properties
(high surface to-bulk ratio, efficient heat transfers
and electron conduction), the interface with
graphene benefits the bare materials by actually
emphasizing their properties.

To achieve this, the strategy of surface
functionalization of graphene with inorganic
materials (e.g.,, metal nanoparticles, oxides,

semiconductors), holds the key to enabling the
fabrication of high performance nanocomposites.
The resultant nanoarchitectures should yield the
highest achievable properties and should be
unique to the specific applications.

This talk provides a bottom-up approach
encompassing the design of graphene-based
nanocomposites and their selected applications in
high performance systems relevant to chemical
catalysyis, energy related electrochemical
reactions and electro-sensing.

Heteroatom-doped graphene was studied in the
selective reduction of nitro- into amine-arenes,
with high catalytic activity and stability/reusability.
Furthermore, several graphene nanocomposites
with metals oxides: mixed valence
cobalt/manganese oxide, phosphomolybdates and
phosphotungstates have been successfully applied
in  energy-related electrochemical reactions
involving hydrogen and oxygen evolution reactions
(HER and OER, respectively), as well as oxygen
reduction. The same type of graphene
nanocomposites was used as electrochemical
nanosensors for biologically relevant molecules
such as ascorbic acid, dopamine and uric acid.
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Figure 1: Graphene-based (nano)composites and their applications in
selective chemical catalysis, electro-sensing and energy-related
reactions.

References

[1] V. Singh, D. Joung, L. Zhai, S. Das, S. I
Khondaker, S. Seal, Progress in Materials
Science 56 (2011) 1178.

[2] Y. Sun, Q. Wu, G. Shi, Energy Environ. Sci. 4
(2011) 1113.

[3] A. Ambrosi, C. K. Chua, A. Bonanni, M.
Pumera, Chem. Rev. 114 (2014) 7150.

Acknowledgements

The work was funded by Fundagdo para a Ciéncia e a
Tecnologia (FCT)/MEC under FEDER under Program
PT2020, projects uID/QUI/50006/2013-
POCI/01/0145/FEDER/007265, UniRCell”, POCI-01-
0145-FEDER-016422 and Program FCT — UT Austin,
project ref UTAP-ICDT/CTM-NAN/0025/2014).

(Portugal)



Jose H. Garcia?, Aron W. Cummings?, Stephan
Roche?b,

3Catalan Institute of Nanoscience and Nanotechnology
(ICN2), CSIC and BIST, Campus UAB, Bellaterra, 08193
Barcelona, Spain.

b Institucié Catalana de Recerca i Estudis Avangats (ICREA),
08010 Barcelona, Spain.

josehugo.garcia@icn2.cat

Tailoring Spin Dynamics

through Proximity Effects in

Graphene/Transition Metal
Dichalcogenide
Heterostructures

Since its discovery, graphene has been a promising
material for spintronics: its low spin-orbit coupling,
negligible hyperfine interaction, and high electron
mobility are obvious advantages for transporting
spin information over long distances. However,
such outstanding transport properties also limit
the capability to engineer active spintronics, where
strong spin-orbit coupling is crucial for creating
and manipulating spin currents. To this end,
transition metal dichalcogenides, which present
larger spin-orbit coupling and good interface
matching with graphene, appear to be highly
complementary materials for enhancing the spin-
dependent features of graphene while maintaining
its superior charge transport properties. In this
work, we present a recently developed theoretical
framework used to understand the current
experimental measurements. Specifically, we will
concentrate on the effect of valley-Zeeman and
inter-valley scattering in weak anti-localization,
spin lifetime anisotropy and spin Hall Effect,
providing a comprehensive theoretical description
of the interconnection between these phenomena.
We will also discuss on the possibilities of
Graphene/TMDCs heterostructures as a spin-orbit
torque platform.
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Figure 1: Schematic of spin relaxation in graphene-TMDC
heterostructures. The tall arrows depict the effective spin-orbit field
within the Dirac cones at K and KO valleys. Intervalley scattering
dominates the in-plane spin dynamics, while overall momentum
scattering controls the out-of-plane behavior.
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Figure 2: (a) Theoretical non-local resistance for in-plane magnetic field
for different values of anisotropy ranging for 1 to 10. (b) Normalize
asymptotic non-local voltage as a function of an oblique magnetic field,
for different values of anisotropies. (c) Experimental values of the non-
local resistance modulated by an in-plane magnetic field obtained
from ref. [3]. Normalized asymptotic non-local voltage as a function of
the oblique angle for pristine graphene and Gr/WS$_2$ obtained from
ref. [4].
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Abstract (Calibri 8)

Nanomedicine is bringing converging sciences to
healthcare through an adequate platform of
technologies allowing new horizons for better
health care. It also enables innovation both in the
design of clinical research and the clinical use to
face unmet clinical needs.

Advances brought by nanomedicines in oncology
and infectious diseases are now expanding both
within these clinical areas and also looking at their
use to previously unmet clinical needs. The
advances in the last five decades of basic research
and the last 30 years of clinical practice with
nanomedicines, will certainly allow for significant
improvements in the next phase. This will be
sustained by both solid basic research and an
increased amount of clinical data compiled across
different technologies and therapeutic areas.

New developments are allowing the introduction
of both personalized medicine and combination
therapy as drivers for innovation in clinical practice
with nanomedicines. Meanwhile, current
developments in the research landscape of
nanomedicines brought the attention to the fact
that, as an already well established area of clinical
practice, nanomedicines now face also some
relevant questions previously also addressed by
new chemical entities and biologicals.

The innovation in materials science has to meet
the challenges of clinical standards already
established for already approved medicinal
products. Dozens of nanomedicines went through
the challenge of regulatory approval for both
clinical experiences (under clinical trials) but also
for marketing authorization and routine clinical
use having to face the need to demonstrate both
safety and efficacy but also compliance and
effectiveness in routine clinical use.

New challenges arising from current debate within
Regulatory Science will have to be met by better
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integration between advances in materials science
and translational issues like validation of adequate
models (i.e. preclinical human cells and tissues in
appropriate setting to foster clinical translation
and better outcomes within clinical phase).
Targeting adequate disease stage and disease
evolution conditions are at forefront of priorities
trying to address appropriate personalized
medicine issues.

Regulatory framework in Europe and elsewhere is
currently adjusting to new realities and
incorporating the best scientific standards, in
anticipation of the regulatory needs both to
follow-on products, combination products and
integrative platforms bringing together therapy
and diagnostics.
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Polysaccharide
nanoparticles: Unveiling

applications in mucosal drug

delivery

Nanomedicines as a whole have been gathering
tremendous attention. Many of the proposed
formulations are based on natural polymers and,
among these, polysaccharides have been a
privileged category. They are particularly suited for
nanoparticle preparation, offering advantages like
high flexibility and propensity to comply with
requisites of biocompatibility and biodegradability.
Nevertheless, while some polysaccharides have
been exhaustively explored, such as chitosan and
hyaluronic acid, many others remain quite
unknown [1]. The reduced dimensions of
nanoparticles provide increased surface-to-volume
ratio and maximal epithelial contact, permitting
the concomitant protection of the encapsulated
therapeutic agents from pH and enzymes.
Nanoparticles have been frequently proposed as
vehicles of drugs to the lungs, taking benefit of the
characteristics provided by the lung route for
either systemic or local delivery. Importantly in this
regard, nanoparticles have demonstrated the
ability to delay or avoid uptake by alveolar
macrophages an effect that is more efficient for
sizes below 500 nm [2]. Naturally, considering the
small size of nanoparticles, inhalation requires a
strategy to provide suitable aerodynamic
properties. The microencapsulation of
nanoparticles has been proposed for this end [3].
Applications of nanoparticles in other routes are
also proposed often, particularly in oral delivery.
Considering the need to explore the potential of
less explored polysaccharides, we have developed
several nanoparticle formulations (Figure 1) based
on polysaccharides such as pullulan, locust bean
gum, chondroitin sulfate and fucoidan. All
nanoparticles were produced using the method of
polyelectrolyte complexation, which requires the
presence of charged groups in the polymers.
Therefore, some of the polysaccharides (pullulan,
locust bean gum) had to undergo chemical
modification to provide the necessary charges.

The physicochemical characteristics of the
developed nanocarriers were easily modulated
according to their composition, resulting in
suitable characteristics for mucosal administration.
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Sizes around 180 — 300 nm were obtained for the
various formulations and zeta potential shifted
from strongly negative (-35 mV) to highly positive
(+60 mV), depending on particle composition.
Insulin and bovine serum albumin were associated
with efficiencies up to 60% to several carriers
proposed for lung delivery of biopharmaceuticals.

Additionally, ovalbumin and an extract of
Salmonella Enteritidis were used as model
antigens in locust bean gum nanoparticles

proposed for oral mucosal vaccination (association
efficiencies up to 30%). In vitro biocompatibility
assays in oral and pulmonary epithelial cells
generally evidenced absence of toxicological effect
of nanoparticles.
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Figure 1: TEM microphotograph of representative polysaccharide-
based nanoparticles produced by polyelectrolyte complexation.
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Development of Earth-
Abundant Electrocatalysts
for Efficient and Durable
Water Splitting

Abstract

Water splitting has been proposed to be a
promising approach to renewable energy storage
through converting the off-peak solar or wind
energy to hydrogen fuels. Presently, one of major
challenges facing widespread deployment of water
splitting devices is their high cost, which primarily
results from the use of precious and scare noble
metal catalysts. Following our previous success in
fabricating  self-supported  transition  metal
phosphide (TMP) electrodes to catalyze the
hydrogen and oxygen evolution reactions (HER &
OER) [1-4], we recently found that the catalytic
performance of TMP nanoparticles (NPs) for the
HER or OER can be improved by fine-tuning the
NP’s shape and composition as well as by synergy
with other catalytic materials.

In this presention, | will showcase three
examples: 1) Hollow CoP octahedron (OCH)
nanostructures with well-defined exposed crystal
facets [5]. The hollow CoP OCH NPs were prepared
by solution phase synthesis of CoO OCH
precursors, followed by a post-phosphorization
treatment and subsequent chemical etching
process. They show excellent electrocatalytic
performance for the OER, substantially
outperforming CoP nanospheres without any
preferentially exposed facets. 2) Trends in the OER
activity of TMP catalysts [6]. We have investigated
the alkaline OER electrolysis of a series of TMP
catalysts and observed a notable trend in OER
activity which follows the order of FeP < NiP < CoP
< FeNiP < FeCoP < CoNiP < FeCoNiP. Our results
show that the introduction of a secondary metal(s)
to a mono-metallic TMP can remarkably boost the
OER performance. This promotional effect can be
ascribed to the enhanced oxidizing power of bi-
and tri-metallic TMPs that can facilitate the
formation MOH and chemical adsorption of OH™
groups, which are rate-limiting steps for these
catalysts according to our Tafel analysis. 3) RuCoP
nanoclusters showing superior HER performance in
alkaline solution [7]. The RuCoP clusters were
prepared by wet chemical reduction of metal
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cations followed by a low-temperature
phosphorization treatment. When used to catalyze
the HER, they show exceptional activity with a very
low overpotential (n) of 23 mV to reach -10 mA
cm2 and a high turnover frequency (TOF) value of
3.85 st at n = 100 mV. The superior HER
performance can be attributed to the partial
electron transfer from CoP to Ru, which
substantially improves the HER kinetics on active
Ru sites.
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Figure 1: (left) CoP octahedron nanoparticles. (d) porous CoP
nanospheres.

(Portugal)



Artur M. Pinto 23, Friedrich H. 1

1 Laboratory of Materials and Interface Chemistry,
Eindhoven University of Technology, The Netherlands
2INEB-i3S | 3FEUP - Portugal

a.d.moreira.pinto@tue.nl

Graphene-based

materials and their polymer

composites for flexible
electronics and biomedical
applications

Graphene-based materials biocompatibility

Studies frequently show that mammalian cell
viability decreases slightly after exposure to
graphene-based materials (GBMs). These materials
were shown to induce oxidative stress and
apoptosis. The most hydrophilic forms of GBMs
were found to penetrate the cellular membrane.
Even so, these materials were found to be
generally less toxic than hydrophobic forms, which
accumulate on cell membrane surfaces.

The in vivo effect of GBMs depends on their
physical-chemical properties, concentration, time
of exposure, and administration route, and also on
the characteristics of the animals used. Most
studies report no occurrence of adult animal
death. However, there are some reports of GBMs
accumulation and histological findings associated
with inflammation, and, more rarely, fibrosis.
Encapsulation of GBMs in a matrix reduces
potential toxicity. In addition, incorporation of
hydrophilic forms improves cell adhesion at the
biomaterials surface. Some reports of antibacterial
properties and improved hemocompatibility in
GBM-based  composites  offer  interesting
perspectives for future research and
developments. [1]

Graphene-based materials and their polymer
composites for biomedical applications

Production and characterization of
polymer/graphene composites, exploring and
improving available methods was performed, in
parallel with the characterization of graphene-
based materials biological properties when
dispersed in liquid media, and the effect of their
morphology, degree of oxidation, and surface
modification with polymers. These materials have
potential uses in biomedical implants for
orthopedics and cardiology, amongst others. [2]

Graphene-based materials for flexible electronics

Low-cost high-throughput printing of solution
processed electronics is a rapidly expanding field
that already encompasses many large-scale
applications such as roll-to-roll printed solar cells,
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including current collecting grids, displays, and
radio frequency identification (RFID) devices. Here,
solution-processed graphene holds considerable
promise for printed electronics as it is widely
available, inexpensive, flexible, and most
importantly, highly conductive. For flexible
electronic devices, e.g., organic photovoltaics, a
sheet resistance < 10 Q/o mil is required, while for
printed RFID antennas, one needs a few Q/o mil.
Following printing of the conductor pattern,
typically  post-treatments such as drying,
annealing, or top-coating can be employed to
maximize conductivities. The conditions of post-
treatment define the substrate that can be used
for printing. Materials with suitable properties for
above mentioned applications were obtained and
new strategies are under development. [3]
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Nanoporous anodic alumina (NAA) is a [5] MM Rahman, LF Marsal, et al., ACS applied
nanostructured material that under specific materials & interfaces 5 (2013), 13375.

conditions, their structure presents a self-ordering
defined by a close-packed hexagonal array of
parallel cylindrical nanopores [1]. By controlling
anodization conditions, its porous geometry can be
modified, for example the diameter of the
nanopores can be tuned from 10 nm up to 400
nm. NAA presents an outstanding set of properties
(good mechanical and chemically stability,
photoluminescence, large effective surface area-
hundreds of m?/cm3) and is obtained by a cost-
effective fabrication processes [2]. In addition, its
chemical surface functionalization makes of NAA
an excellent candidate for biosensing platforms
and drug delivery systems [3-4].

In this context, we will present some recent
advances in the design and fabrication of NAA
structures and introduce different electrochemical
approaches to modify the pore geometry during or
after the fabrication processes. Some examples of
optical NAA structures (microcavities, Bragg
reflectors, graded refractive index) [5] and surface
functionalization are presented (figure 1) and
analyzed as examples of sensitive biosensing.
Finally, 2D and 3D pore geometries of nanoporous
anodic alumina are presented for efficient
sustained drug release platforms [6]. Moreover,
examples of surface functionalization for a
controlled and stimuli-responsive drug release
(figure 2) is presented and discussed.
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Figure 1: Cross-section SEM image of NAA. Inset: schematic illustration
of the chemical functionalization of the pore surface and
reflectometric interference spectroscopy spectrum of NAA. Pore
diameter = 45 nm.
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igure 2: SEM image of NAA. Inset: DOX release at pH 5.2 and 7.4 for
NAA (black and red symbols) and NAA coated with a PH stimuli-
response polyelectrolyte (blue and green symbols).
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Conjugation to cell-
penetrating peptides
influences their membrane
interaction and safety

Therapeutic peptide and protein drug entities are
of high therapeutic relevance due to their potency
and specific mode of action. A major obstacle for
the successful delivery of peptide/protein drugs to
their target site is their poor transport across
biological membranes. This renders that
administration is to a large extent done by
injection, which is often experienced as
inconvenient for the patients. Oral administration
may, however, be pursued for some peptide
molecules if pharmacologically relevant. Sufficient
delivery of peptide drugs via the gastrointestinal
tract is, however, limited both by their poor
enzymatic stability and their large molecular size,
the latter hindering non-aided permeation across
the intestinal epithelium.

A class of membrane-interacting peptides, cell-
penetrating peptides (CPPs), has demonstrated
promising potential as carriers for delivery of
therapeutic cargoes across biological membranes.

To enhance the transmembrane delivery of a cargo
peptide like the parathyroid hormone fragment 1-
34 by using CPPs, conjugates of the therapeutic
cargo with the CPP molecule has been pursued.
The mechanism by which CPPs interact with
biological membranes and act as carriers for
transmembrane delivery of a conjugated cargo is
heavily debated but known to depend on the
molecular properties of the CPP. Numerous studies
seek to elucidate the mechanism of membrane
interaction of the CPPs by applying a range of
techniques involving conjugation of fluorophores
to the CPP.
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Conjugation of a therapeutic molecule or a
fluorophore to CPPs inevitably will change the
physicochemical properties of the CPP. This fact
likely influences the degree and mechanism of
membrane interaction, affect delivery efficiency,
and potentially lead to undesired cellular effects
[1]. We here report on the importance of
molecular properties of CPP conjugates in relation
to their effect on biological membranes employing
studies on lipid bilayers as well as cell culture
models.
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Figure 1: Conjugation of a cell-penetrating peptide, penetratin, to
parathyroid hormone 1-34 alters the mode and degree of interaction
with epithelial cells compromising safety [2].
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Functional nanomedicines
for modulation the
interaction with mucosal
barriers

In drug delivery field, bioavailability and specificity
are key challenges in the establishment of
advanced products. Nanoparticles have been
proposed by our group as valid approaches to
provide successful systems to deliver drugs to their
site of action, particularly to explore no-invasive,
mucosal administration. Besides the proper
control of nanoparticle matrix to provide a suitable
release of drug payload, the surface of
nanoparticles has a major impact on the
interaction with biological barriers.

We have studied thoroughly the interaction of
nanoparticles with cells and mucus regarding their
adhesive  properties that modulates their
mucoadhesive behaviour, ultimately related with
passive targeting to mucosae. Understanding how
nanosystems interact with individual mucin chains
and the 3D structure of mucus is paramount, as a
passive functionalization of nanoparticles may
concerns, exploring different biomaterials as
mucus-modulators. Our active targeting approach
for nanoparticles has been focused on ligand
molecules attached to the surface of nanoparticles
to increase the probability of binding to
unregulated cell membrane receptors in key local
effector sites. New and less-explored receptors are
being targeted in engineered nanosystems,
providing enhanced local and intracellular levels of
drugs, without compromise the safety of the
systems.

In this talk, application of nanosystems for mucosal
delivery of drugs with physiological and social
impact, developed in our research group, will be
presented.
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Advances and current
approaches of
photoactivated

functionalized nanoparticles

in cancer targeting
treatment

Cancer is one of the leading causes of mortality
worldwide, and is foreseen that its incidence will
continue to rise, as a result of the population aging
and increasing risk factors [1]. Over the last
decades, scientific research and medical care are
focused on finding more effective and safer
solutions to reduce the burden of cancer and
improve patients’ survival and quality of life. In this
context, precision medicine has evolve, improving
the access to innovative technologies, which offer
early diagnosis and better treatment options.
While contributing greatly to this recent progress,
the Nanotechnology field provide multiple
functionalities and a promising role in targeted
tumor therapy. For instance, hybrid nanoparticles,
made of polymers, metallic or bioactive
compounds, have been developed to mitigate
limitations associated with tumor targeting, safety
issues and multiple resistance to conventional
treatments.  Amongst all  the available
nanostructures, gold nanoparticles have been
widely studied for light-based applications, due to
high absorption coefficient, potential versatility
and functionalization [2]. Photothermal therapy,
using targeted gold nanoparticles and laser
irradiation with near-infrared light (NIR, 700-1200
nm), is a technique that enhance tumor cell death,
penetrating deeper into the tumor tissue and
preventing its growth. Currently, some of these
nanosystems moved forward in clinical trials,
combining both diagnostic and therapeutic
approaches and photothermal chemotherapy.
Hence, we have developed multifunctional
nanoparticles with the potential to destroy
melanoma cells at their initial stage [3, 4]. Briefly,
two strategies were appraised: 1) polymeric
nanoparticles with a core-shell structure, loaded
with Parvifloron D (cytotoxic drug); 2) gold
nanoparticles functionalized with the ligand
Epidermal Growth Factor (EGF) and photoactivated
by NIR laser irradiation. Overall, nanoparticles with
a size of 100 nm and spherical morphology were
successfully coated with hyaluronic and oleic acids,
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maintaining their long-term stability (Figure 1).
Functionalization was achieved with multiple
targeting moieties, by electrostatic interactions.
Both nanosystems were able to internalize the
cells overexpressing specific cancer receptors,
decrease melanoma cells viability and showed a
safe in vitro cytotoxic profile over normal-like cells.
In preliminary in vivo studies, these therapeutic
approaches promoted extensive necrosis of human
cutaneous melanoma A375 cells and reduced
tumor growth (up to 80%), without damage of the
surrounding tissue.
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Figure 1: TEM image of EGF conjugated hybrid gold nanoparticles for
photothermal therapy (at scale bar of 250 nm).
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Topological Photonic
Systems

The discovery of topological light states unveiled a
myriad of physical platforms wherein the wave
propagation is impervious to perturbations of the
propagation path and immune to back-reflections
[1, 2].

In this talk, | will present an overview of our work
on topological photonic systems [1-7]. In
particular, I will highlight that there is a wide class
of three-dimensional photonic systems — in some
cases formed only by time-reversal invariant
materials — wherein the transport of light is
protected against back-scattering [4]. Specifically,
an optical system invariant under the action of the
composition of the parity, time-reversal, and
duality operators (PTD ) may enable bidirectional
waveguiding immune to arbitrary deformations of
the propagation path (see Fig. 1). Furthermore, |
will discuss the consequences of the intriguing
properties of topologically protected unidirectional
edge states in the context of fluctuational
electrodynamics. It will be shown that topological
edge states may induce a circulation (with no net
sinks or sources) of thermal (or zero-point) energy
in closed orbits, such that the angular momentum
of the electromagnetic field is nonzero [5].
Furthermore, the topological edge states may also
induce a spontaneous lateral recoil force when an
excited atom is placed in the vicinity of a
topological material [6-7].
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Figures

Figure 1: Waveguiding in a bi-directional PTD-invariant channel that
supports edge waves protected against back-scattering.
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Polymer nanocomposites:
from thermosets to
elastomeric matrices

The addition of carbon nanotubes (CNT) to
polymer matrices has already been shown to
improve their mechanical, electrical and thermal
properties. Although significant advances have
been made in recent years, these tend to be
modest compared to the theoretical performance
due to unresolved processing issues. Hence,
graphene sheets provide an alternative option to
produce functional nanocomposites due to their
excellent properties and the natural abundance of
its precursor, graphite [1].

The purpose of the studies reported here was to
investigate the inclusion of thermally exfoliated
graphene (TRG) sheets in a range of polymer
systems, both thermoset and elastomers, and to
understand  their effects on the curing,
morphology and properties [2-10].

The graphene sheets used in these studies were
synthesised in our laboratories from the thermal
exfoliation and reduction of graphite oxide (GO).
GO was produced using natural graphite powder
(universal grade, 200-mesh, 99.9995%) according
to the Brodie method. This method presents a
lower disruption of the Csp2 graphitic structure
than the Hummers method due to a lower
oxidation degree, the oxygen contents by
elemental analysis are 28% and 48%, respectively.
The exfoliation was carried out at 1000 °C under
inert atmosphere and did not completely remove
the oxygen-containing groups [12].

Both elastomeric [2-5] and thermosets [6-11]
matrices showed improved mechanical and
functional properties when compared to the CNT
systems without adversely affecting processing.
The different systems are especially interesting
because of the widespread industrial application.
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bio-molecules

In the past decades, single molecule (SM)
experiments have allow us to unravel many
different complex mechanisms at a molecular
level. Interestingly, its achievements may be
found in very disparate research fields, e.g.:
unraveling the origins of superlubric (lack of)
friction between some solid surfaces, controlling
chemical reactions with atomic resolution,
understanding the operation of molecular motors
present in living cells, and most recently they have
also shown the ability to track relevant metabolic
information of living cells (volume, size, mass) with
an unprecedented time and spacial resolution. The
ubiquity of these findings reminds us of the
general interest in controlling processes at a
molecular scale while extracting relevant
observables when doing so.

Despite their undisputed merit, associating
mechanical response of a given molecule with
conformational changes at an atomic level it is still
an utmost challenging task. In this talk, we will give
a birds eye view of how atomically detailed
molecular dynamics (MD) simulations allow us to
not only qualitatively reproduce the results
obtained in these experiments but also it allow us
to overcome this SM limitation particularly by
providing insights on how deformations/motions
occurring at the atomic scale relate to their
physical properties. In particular, we shall show
how these simulations allow us to understand:
how a single atom may drastically alter mechanical
properties of a molecule (DNA/RNA)[1]; how
internal molecular degrees of freedom allows us to
tune friction and adhesion at a molecular level in
vacuum conditions [2,3,4]; how the complex
force/indentation curve obtained in Atomic-Force-
Microscopy experiments of complex biomolecules
conducted in liquids may be deconvoluted into
simpler atomistic mechanisms, namely local
molecular elasticity and (hydrophobic) adhesive
effects[].
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Figure 1: Atomistic representation of: (top) how single point mutation
in a protein drastically affect its electronic properties [5]; (middle)
sliding a single-stranded DNA molecule over a graphene surface in

vacuum while measuring the corresponding friction force [4]; (bottom)
virtual atomic force microscope — atomistic simulation of the
indentation of an antibody (IgG) deposited over a graphene surface
with the system fully embedded in water.
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Abstract

Angle resolved photoemission spectroscopy
(ARPES) is an extensively used tool to characterize
the electronic properties of materials, generally
interpreted as a direct probe to their electronic
band structure. This view is not strictly true as the
signal measured in ARPES is actually weighted by
matrix elements, which describe the photo-
induced electronic transition from a crystal bound
state to a nearly free photoemitted electron state.
These matrix elements can have a strong
momentum dependence, which affect the visibility
of different bands in ARPES. ARPES matrix
elements are known to play an important role in
cases where different bands are strongly coupled,
such as in graphene and graphite [1], and in
systems where there is a competition between
different periodicities [2]. Both these effects are
important in van der Waals (vdW) heterostructures
- which are formed by stacked layers of different
two-dimensional  materials, with  promising
applications in electronics and light detection [3].
The lattice mismatch and/or misalignment
between different layers naturally leads to a
competition between periodicities. Therefore, in
vdW structures ARPES cannot be interpreted as a
direct probe to the electronic band structure. |
present a general theory [4], based on tight-
binding Hamiltonians, to model ARPES in both
commensurate and  incommensurate  vdW
heterostructures with arbitrary lattice
mismatch/misalighment. As an example, | apply
the general method to the case of twisted bilayer
graphene, obtaining the ARPES bands and ARPES
constant energy maps. The present theory should
be useful in correctly interpreting experimental
ARPES results of vdW structures and other system
displaying  competition  between  different
periodicities, such as density wave phases.
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Figure 1: Computed ARPES bands (thick blue lines, the thickness is
proportional to the visibility of the bands) and band structure (dotted
yellow lines) for bilayer graphene with a twist angle of 202. The ARPES
bands mostly follow the bands of the decoupled layers (red dashed
lines). The horizontal lines represent the energies at which the constant
energy maps of Figure 2 are computed.

2 4(a)e = —2.3eV
)
= 0
s !
" ’
2 JM)e = —1.65ev
1_ 0 1 \ 8
., }
-
92
2 {Ge=—07ev  |[(De = 0.7V
-
= 0
=
_2
2 0 2 -2 0 2
ko [A] ke [A

Figure 2: Computed ARPES constant energy maps for bilayer graphene
with a twist angle of 202. (a-c) ARPES maps in the absence of coupling
between the layers. (d-f) Reconstructed maps due to interlayer
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Electrochemical water splitting enabled by Figures
renewable energy sources represents a promising
approach to the generation of clean and high-
purity hydrogen (H:) fuels because unlike steam
reforming of hydrocarbons this process does not
emit any pollutants. Despite the advantages, the
cost of water electrolyzers prohibits their market
penetration and makes electrolysis not an
economically viable approach for the production of
Hz. In order to reduce the production costs and
improve the overall water splitting performance
it’s important to develop highly efficient, low-cost
and durable electrocatalysts in order to drive the
hydrogen evolution (HER) and oxygen evolution Figure 1: SEM image at high magnification of the as-fabricated CONiP
reactions (OER). In this context, several new  (10:1)powders.

nanostructured catalysts have been recently
synthetized based on the transition metal

phosphides (TMPs) to expedite the OER and ——CoNiP (1:1)
HER.122 w0  ——CoNIP (2:1)
. ——CoNiP (10:1)

In this talk, ternary CoxNi,P nanowires (NWs) and —:i“:

their catalytic performance for both OER and HER
will be presented. These NWs were fabricated by a
facile hydrothermal method with different Co:Ni
ratios, followed by a phosphorization treatment
with NaH:PO: at a low temperature. The CoxNi,P
nanowires with a Co:Ni ratio of 1:1, relative to
those with Co:Ni ratios of 2:1 and 10:1 as well as T T
binary CoP and NiP, show the best electrocatalytic = E‘; A =
performance for OER in 1.0M KOH: a benchmark

j(mA em?)

anodic current density of 10 mA c¢cm= can be
achieved at a small overpotential of 301 mV, with
a moderate Tafel slope of 54 mV dect — i
Furthermore, all the catalysts show long-term _ — CONiP (2:1)
durability. When tested under HER conditions in i et
the same alkaline electrolyte, the catalysts also g T —RP
exhibit reasonably good activity with best -
performance achieved by CoNiP NWs with the
Co:Ni ratio of 1:1.
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Current-induced structural changes in
stressed silver nanowires

Silver (Ag) nanowires (NWs) are a potential
replacement of indium tin oxide films as conductive
transparent electrodes in touch screens and solar
cells. Ag NWs have excellent electrical (e.g. high
resistance to electromigration) and optical
properties, are easy to process and would enable
bendable devices. To understand their response to
extreme current densities and improve the overall
stability of devices, the failure mechanism of Ag
NWs has been studied under different conditions in
this work.>* When subjected to a high current
density, a straight Ag NW breaks down following a
common needle-type failure (Fig. 1). While
literature extrapolates this for devices, in reality,
when NWs are processed to form layered
electrodes, a number of them will be bent.
Expectedly, a finite amount of internal stress is
generated in the NW depending on the degree of
bending. Therefore, it is important to investigate
the stability and failure mechanisms of bent NWs
under the influence of current. Here, we employed
transmission electron microscopy (TEM) to study
the vibration, self-oscillation, electromigration and
stress relaxation (through elastic and plastic
deformation) of Ag NWs under the influence of
both current and mechanical stresses (Fig. 2). The
response of the bent NWs is significantly different
from the straight ones both in failure mechanisms
and restructuring capability.
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Figure 1: (a)-(b) TEM images of a Ag NW before and after failure due to
Joule heating, (c) Schematic of the setup for in-situ TEM electrical
characterization, (d) Voltage (current, resistance) vs. time curve.
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Figure 2: (a) Time-series of TEM images for the current-induced
restructuring of a bent Ag NW (estimated bending strain of 0.21% and
bending stress of 165 MPa) - the red dotted lines acts as a visual guide;
(b)-(c) high magnification TEM images of the Ag NW in (a) before and
after failure, respectively; (d) Voltage (current, resistance) vs. time
curve.
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Biosensor devices have potential application in
clinical diagnosis, because some diseases may be
detected from the presence of biomarkers in urine,
body tissues or blood [1]. One strategy for the
development of these devices is to use colloidal
metal nanostructures, mostly because they
strongly absorb and scatter light at characteristic
wavelengths due to the localized surface plasmon
resonance (LSPR) [2]. Furthermore, these
plasmonic sensors can be wused as optical
nanoantennas to couple light more efficiently in
excitation and emission from fluorescent dyes [3].
In addition, the response of the sensor is
concentrated at regions of large plasmon-
enhanced near field, or hot-spots, which in gold
nanorods are located at their tips (Fig. 1). These
hot-spots can be exploited in plasmonic sensors to
probe molecular binding events. In this sense, the
site-selective functionalization of plasmon hot-
spots with bioreceptors is fundamental to create
plasmonic sensors with improved response by
capturing the target species at the most sensitive
regions of the nanoparticle [4]. Here, we report
the enhancement of fluorescence of
oligonucleotides labeled with ATTO647N dye (Fig.
2) by using gold nanorods as plasmonic antennas.
We observe strong fluorescence bursts that are
attributed to the dye-labeled oligonucleotide
exploring the hot-spot regions at the tip of the
gold nanorods.
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Figure 1: Scheme showing the fluorescence enhancement experiment
that depicts oligonucleotides (green line) labeled with Atto-647N dye
(red star) in solution diffusing around a gold nanorod and eventually
exploring the hot-spot regions (tips).
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Figure 2: Emission intensity time trace measured from an individual
gold nanoparticle: in the absence of Atto-647N dye labeled
oligonucleotides in solution (blue curve); in the presence of
oligonucleotide labeled with Atto-647N dye in solution: 10 nM (green
curve) and 80 nM (red curve); emission time trace from a region of the
surface without any particle, but in the presence of 80 nM
oligonucleotide labeled with Atto-647N dye (grey curve).
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Valley polarized magnetic
state in hole-doped mono-
layers of transition metal

dichalcogenides

Spontaneous valley polarization was predicted and
experimentally confirmed over thirty years ago for
Si inversion layers [1,2]. The isolation of real 2D
materials with hexagonal lattice like graphene has
put valley physics in the spotlight again; yet, the
manipulation of the two valleys of graphene is not
easy to achieve [3]. Such manipulation has been
demonstrated for the class of 2D materials known
as semiconducting transition metal dichalcogeni-
des (TMDs) [4]. In this work, we predict that hole
doped TMDs, in particular those with large spin-
splitting of the valence band like WS;, display a
valley polarized ferromagnetic (VPF) phase. A
typical phase diagram is shown in Figs. 1(a) and (b),
in the plane of intra-orbital U Coulomb interaction
and hole density nnole, and in the plane of U and
inter-orbital U’ interaction, respectively. The
valence band in the normal and VPF phases are
respectively plotted in Figs. 1(c) and (e), showing
how the sizable spin-splitting couples the valley
and spin degrees of freedom. The VPF phase lifts
the degeneracy of the inequivalent valleys,
polarizing the material in the two degrees of
freedom. This degeneracy lifting allows for anoma-
lous Hall (AH) responses [5], in virtue of the Berry
curvature of these bands [6]. We predict an AH
response that is proportional to the Berry curva-
ture at the K points and to the total magnetization
density of the system. This response is simultane-
ously valley- and spin-polarized, thus providing a
measurable signature of the VPF phase. This work
is currently in pre-print [7].
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Figure 1: (a) Mean field phase diagram in the nnoe=U plane, indicating
the normal and VPF phases, at a temperature of T=1K and U’=0 for the
TMD WS,. The dashed red line indicates the transition at T=100K. The
vertical dashed line represents the estimated critical U of 2.38 eV in
the limit of low T and nnoe obtained using a low energy model. (b)
Phase diagram in the U-U’ plane at a hole density of nnye=0.2x10"
cm™ and T=1K. The dashed red line shows the transition line at the
temperature of T=100K. The dashed black line indicates the critical line
U=U+1.4U’, estimated using the low energy model. Panels (c) and (e)
show the band structure for the spin up (in red) and spin down (in
blue) valence bands in the normal and VPF phases, respectively. The
horizontal dashed line indicates the Fermi level for a constant particle
number of Nhoe=0.2x10"* cm™. The Fermi surfaces for the normal and
VPF phases are represented in panels (d) and (f), respectively.
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Graphene on Nickel (100) surface forms a variety
of moiré superstructures, due to interfacial lattice
parameter and symmetry mismatch. The moiré
patterns depend on the misorientation angle and
vary from stripe-like to rhombic-network
morphology [1]. Physisorbed and chemisorbed
regions alternate in stripe-moiré patterns, as
shown by combined experimental scanning
tunneling microscopy and density functional
theory (DFT) simulations. Partial merging of
adjacent physisorbed stripes is observed in real
samples cooling down the temperature, causing
local detachment of graphene from the Nickel
surface. The mechanism is investigated with a
Kinetic Monte Carlo approach and DFT
calculations, which includes surface carbon

segregation and local carbide formation. Figure 1: Comparison between STM measurement (top) and Kinetic
Monte Carlo simulation (bottom) in presence of carbide segregation
for the stripe-like moiré pattern.
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Dilute Magnetism in
Graphene

Abstract

It is known that hydrogenated graphene
exhibits a ferromagnetic phase when a
carbon buffer layer is also present [1, 2].
The root to this magnetic ordering is the
interplay between the itinerant electrons

in graphene and the local magnetic
moments induced by impurities. The
resultant RKKY interaction is

ferromagnetic for impurities on the same
sub-lattice, and anti-ferromagnetic if the
impurities sit on different sub-lattices.
Whether the magnetic phases survive
down to the lowest impurity densities,
what is the effect of the disorder due to
the random positions of the adatoms,
and how does the critical temperature
change with charge doping, are key
questions that we have answered
theoretically using a s-d like model [3].
For impurities on the same sub-lattice,
we have obtained the phase diagram
shown in Fig. 1. For low concentration of
impurities, the Curie temperature
decreases linearly, but this behavior
changes considerably if we make the s-d
interaction anisotropic. For the isotropic
case, the fact that the Curie temperature
is still finite for impurity densities as low
as 1% is a non-trivial result. The
dependence of the Curie temperature on
the charge density in graphene Is shown
in Fig. 2. Interestingly enough, one could
switch the magnetization on and off
through an electric field effect which
changes the charge density.

We have applied this theory to the
description of a recent experiment on
graphene with sulfur impurities [4]. It
provides an alternative explanation
which circumvents some difficulties of
the theory used in [4] to explain the
experiment.

We have also simulated the case when
the magnetic impurities distribute
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equally on both sub-lattices. We will also
discuss this case.
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Ballistic transport in
irradiated graphene

In this talk, i will present our results on the bulk
conductance of ballistic graphene transistors
driven by a circularly polarized electromagnetic
wave (typically in the THz range). The differential
conductance is calculated as a function of the
carrier density (of the non irradiated graphene)
and driving strength.

We focus on the doped regime where strong
suppressions of the bulk conductance are obtained
for several broad ranges of doping. These
conductance dips are related to emergent gaps in
the Floquet quasi-energy spectrum, leading to a
transport dominated by evanescent waves in the
conduction channel of the transistor. Besides, in
the undoped regime, we have also studied the so-
called minimum conductance of irradiated
graphene-based transistor.
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Synthesis of Nanoporous carbon from

waste Polymer and Potential Application

in Electrochemical Energy Storage

Abstract

Mesoporous  graphene flakes and three-
dimensional hollow carbon spheres/graphene
flakes  were  selectively  prepared  from

decomposition of waste polymer using MgO flakes
and iron oxide as the templates. Through
controlling the weight ratio of MgO to polymer,
different graphene flakes and three-dimensional
hollow carbon spheres/graphene flakes were
obtained. The electrochemical properties of
obtained graphene flakes and three-dimensional
hollow carbon spheres/graphene flakes were
investigated in detail. As electrode materials of
supercapacitor and lithium ion battery, the
prepared mesoporous flakes and three-
dimensional hollow carbon spheres/graphene
flakes  showed improved electrochemical
performance. The present method paved the way
for the treatment of waste polymer in the future.
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Figure 1: TEM images of graphene flakes from waste polymer (a) and
(b) MnO2z nanorods supported on graphene flakes. (c) Galvanostatic
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charge/discharge curves of GF/MnO, composites collected at different
current densities. (d) Specific capacities with different current densities.
(5 M KCl as the electrolyte).
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Figure 2: (a) TEM image of hollow carbon spheres/graphene flakes (b)
Rate performance of hollow carbon spheres/graphene flakes used as
anode materials of lithium ion battery.
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Rational design of graphene-

based adsorbents for CO;
uptake

In the last three decades, carbon materials have
been under the spotlight. The report of structures
with nanoscaled dimensions such as fullerene
molecules, carbon nanotubes and graphene has
spurred an interest in applying these for
technological applications as diverse as energy
storage systems or environmental remediation.
The large-scale capture and storage of carbon
dioxide is expected to mitigate climate change
worldwide. One of the primary emitters of CO; are
fossil-fueled power plants. To address these
emissions, gas capture technology that can be
retrofitted to existing facilities is required. In this
respect, the CO2 capture by physical adsorption in
porous materials is considered to be the most
feasible approach. Microporous carbons are one
such material that can be easily tailored for this
purpose. Interestingly, and while other options
have been extensively studied (activated carbon,
graphene, carbon nanotubes, etc.), the use of
graphite/graphene oxide (GO) remains rather
unexplored.

In this communication, we will illustrate how the
synthesis conditions of graphene oxide flakes
(Hummer’s, HGO, and Improved Hummer’s, 1GO)
[1] may influence its uptake capacity of carbon
dioxide [2, 3]. To validate these results two
benchmark materials, namely zeolite 13X and
certified carbon nanotubes, were also studied
under similar conditions to the GOs. As we
changed the synthesis approach of GO, so was its
surface area (Fig. 1a), porosity profile and CO.
adsorption capacity modified significantly. In some
instances, this resulted in doubling of gas uptake
(Fig. 1b).
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Figure 1: (a) N, adsorption—desorption isotherms of HGO and IGO, at
77 K; (b) Pure component CO, adsorption isotherms for the HGO and
1GO materials.
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Hazardous compounds are found in water with
increasing frequency raising concerns about their
negative effects on aquatic ecosystems and human
health [1]. The production of biotoxins by marine
microalgae, such as okadaic acid (OA), during
harmful algal blooms (HABs) and the presence of
pharmaceutical contaminants, such as ibuprofen,
in water resources endanger the public health and
pose a worldwide environmental problem [2].
Thus, the development of more efficient sensing,
monitoring, and capturing methodologies for
water treatment is urgently necessary [3].
Adsorption is an attractive tecnhique for water
monitoring and purification due to its simplicity
and efficacy [1]. The development of novel
adsorbents can provide a more effective and
selective detection and capture of contaminants.
Thus, the development of new and improved
adsorbents is urgently needed.

Two-dimensional (2D) covalent organic
frameworks (COFs) are crystalline nanoporous
materials formed by the self-assembly of purely
organic building blocks into sheets, which undergo
stacking interactions in the third dimension. They
possess high thermal stability and structural
diversity [4], and show promise as adsorbents
since they can meet the requirements [5] for an
efficient adsorbent of water-stability and high
surface area.

We found [6] the literature-known water-stable
COF derivative TpBD-Me; [7] to adsorb OA from
water over 30 times more efficiently than the most
commonly used polystyrene resin HP-20 [8].
TpBD-Me, can be reused for at least three
adsorption/desorption cycles without a significant
loss in efficiency [7]. The adsorption capacity of
pharmaceutical contaminants from water was also
evaluated using different COF derivatives, showing
good efficiency of capture. These promising results
highlight the potential of these materials for water
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monitoring applications and demonstrate their
capacity to adsorb hazardous compounds from

water.
Capture of
Hazardous Compounds
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Optical monitoring of
surface modifications in
nanoporous materials

Nanoporous materials such as porous silicon (pSi)
and nanoporous anodic alumina (NAA) are
increasing their interest as enabling platforms for
biotechnology (Figure 1). Such materials are
obtained from the electrochemical etching in
acidic electrolytes of bulk silicon or aluminum,
respectively. Preparation methods are at present
well-known, cost-effective and easily scalable[1].
In the application of such materials to
biotechnologies, one crucial step is
functionalization: modification of the pore surface
properties in order to provide the appropriate
functions. Such surface modification is achieved by
the attachment of different molecules such as
silane self-assembled monolayers (SAM), proteins
or aptamers and has enabled applications in fields

such as sensing, drug delivery or tissue
engineering[2,3].
In this work we study different surface

modification paths for pSi and NAA with different
methods. Besides the usual SEM characterization,
nanometric pores require other strategies to
evaluate the amount of attached species on their
walls. We apply optical methods for such
evaluation: the reflection intereference
spefctroscopy (RIfS)[4] and the fluid imbibition-
coupled laser interferometry (FICLI)[5]. In RIfS, the
reflectance spectra of thin films of porous
materials are measured before and after the
surface modification (Figure 2) and the change in
effective optical thickness (EOT) of the thin film
can be related to the change in surface structure.
On the other hand, in FICLI, the infiltration of a
liquid in a porous material is monitored in real
time and the filling dynamics are related to the
structure and surface properties (Figure 3). The
work will report the latest results obtained with
these two methods on both kinds of material and
for different attached SAMs and proteins.
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Figures

Figure 1: SEM pictures of the studied nanostructures: a) posous silicon,
b) macroporous silicon and c) nanoporous anodic alumina. The bars
are 1 micron.
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Figure 2: RIfS spectra of Psi After different surface modifications (left)
and corresponding Fourier transform where the maximum
corresponds to the EOT (right).
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resolve interferogram obtained by the method and (bottom
right)analysis of the interferogram.
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Bioimaging of exo - or
endocytosis with interference
microscopic imaging

We integrate a rigorous scattering model for
cellular exo- or endocytosis, taking into account
lipid-induced optical anisotropy, with a rigorous
model of Differential Interference Contrast (DIC)
image formation (Figures 1&2). Hereby we provide
a theoretical proof for the first time to a well-
known experimental fact in DIC microscopy,
namely, that a bias of 1/100 of the wavelength of
light is optimal for the observation of intracellular
components.

Some implementations of interference microscopy
imaging use digital holographic measurements of
complex scattered fields to reconstruct three-
dimensional refractive index maps of weakly
scattering, semi-transparent objects, frequently
encountered in biological investigations.
Reconstruction occurs through application of the
object scattering potential which assumes an
isotropic refractive index throughout the object.
Here, we demonstrate that this assumption can in
some circumstances be invalid for biological
imaging due to the presence of lipid-induced
optical anisotropy. We show that the nanoscale
organization of lipids in the observation of cellular
endocytosis with polarized light induces a
significant change in far field scattering. We obtain
this result by presenting a general solution to
Maxwell's equations describing light scattering of
core-shell particles near an isotropic substrate
covered with an anisotropic thin film. By applying
our solution to study light scattering by a lipid
vesicle near a lipid bilayer, whereby the lipids are
represented through a biaxial optical model. We
conclude that effective amounts of lipid-induced
optical anisotropy significantly alter far-field
optical scattering in respect to an equivalent
optical model that neglects the presence of optical
anisotropy.
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Figure 1: DIC microscopy modelling of a lipid vesicle approaching a lipid
bilayer.
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Figure 2: Influence of DIC bias on the contrast achieved for a
nanoparticle surrounded by a lipid bilayer
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New lipoplex formulation to
efficiently transfect human
fibroblast: Fluorescence Cross

Correlation Spectroscopy as tool for

lipoplex characterization

We present a new formulation of DNA liposome
characterized by Fluorescence Cross Correlation
Spectroscopy (FCCS) to efficiently transfect human
somatic cells. Liposomes have been considered as
the best carrier to delivery drugs and genes to cells
due to their propertiest. It is known that the
composition of the vesicle has huge impact on
efficiency of transfection as well on its toxicity. For
that, we tested the cytotoxicity and transfection of
28 combinations including DOPE, DOPC, DOTAP
and Ceramide Dil stained lipids. As shown in figure
1, comparing to a commercial Lipofectamine®
2000, some of the liposomes presented lower
toxicity and better transfection efficiency. Using a
combination of previous stained plasmids (labeled
with rhodamine or FITC), we used FCCS to
quantitatively control the load of these genes into
liposomes (figure 2). Our data shows that, not only
our lipoplexes preparation had better results as
delivery tool for human somatic cells but also the
use of FCCS to visualize the properly formation of
lipoplex? could be use in further applications for
pharmaceuticals industry and also on
nanomedicine field.
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Figure 1 — Cell viability and transfection efficiency analysis: A) Dil
fluorescent intensity analysis on microplate reader (549/650 nm); B)
PrestoBlue assay and C) Immunofluorescence images of nucleous
(DAPI, blue) and liposomes stained with Dil (red).

Figure 2 - lllustration showing the three colors to be analyzed at FFCS:
liposome stained with Dil (561 nm), different plasmids stained with
Rhodamine (633 nm) and FITC (488 nm).
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Development of new
coatings from marine
bioceramics and silver

nanoparticles by pulsed
laser deposition

Recent works have proposed the reutilization of
marine fishing byproducts for the fabrication of
ceramics with high biocompatibility [1,2]. Like
other biomaterials, these new bioceramics, in
addition to their use as bone fillers, can also be
applied as coatings, that can be fabricated by
different methods, amongst them, pulsed laser
deposition [3]. It is well known that such
bioceramic coatings are an excellent strategy to
improve the biocompatibilty of metal implants and
great advances have been achieved in this field
during the last decades. However, there is still
plenty of room for their improvement. Adding
additional  biological  properties, such as
bactericidal effects, increases the interest in the
applicability of these materials. In this regard, it is
known that silver has inhibitory and bactericidal
effects and a broad spectrum of antimicrobial
activities [4]. Accordingly, the use of silver (Ag) in
the shape of small metallic nanoparticles on top of
the bioceramic coatings, seem to be a promising
approach. On the other hand, the use of Ag
nanoparticles allows us to explore possible
applications in the field of biosensors, based on
the phenomenon known as plasmon resonance
(PR), proper of noble metal nanoparticles.

Thus, this work reports on the growth of a
biocompatible ceramic coating obtained from
marine  fishing  byproducts,  with  silver
nanoparticles on top, through a single Pulsed Laser
Deposition process.

Metallic disks, simulating the implant material,
were successively covered with the bioceramic film
and the silver nanoparticles using a pulsed ArF
excimer laser (20 ns, 193 nm). Their morphological
analysis was carried out by means of Scanning
Electron Microscopy (SEM) and Atomic Force
Microscopy (AFM); their chemical composition was
studied through X-ray Photoelectron Spectroscopy
(XPS); and, finally UV-Visible spectroscopy was
used for their optical characterization, taking
special attention to the plasmonic character of the
silver nanoparticles (Figure 1). Hence, we report
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the fabrication of a new coating from the
combination of marine bioceramic and silver
nanoparticles as promising alternatives to be used
in metallic prostheses, analyzing the influence of
the number of laser shots used for the deposition
on their physicochemical properties and potential
biological effects.
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Figure 1: UV-Visible spectra of the Ag nanoparticles deposited by
pulsed laser deposition with different number of laser pulses.
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Advanced nano-electrical
characterization of solar
cells and 2-d materials with
atomic force microcopy

Over the past 30 years, Atomic Force Microscopy
has evolved from a microscope to measure just the
surface topography to a wide variety of
measurement modes that provides a way to
characterize other atomic interactions or physical
properties like magnetic field, electric field,
nanoscale  dissipation processes,  thermal
conductivity, electrical conductivity, resistance,
surface potential, piezoresponse, Young
modulus,... Electrical nanocharacterization with
AFM has emerged as a powerful tool to map
electrical properties at the nanoscale, like surface
potential (work function) and conductivity.
However, traditional setups in AFM make difficult
to obtain accurate and repeteable results over
several types of samples. Specially in the solar cells
field, where both in-plane and cross-section
electrical characterization need to be performed.

In this contribution we will show the capabilities
new developed AFM modes: High Definition Kelvin
Force Microscopy (HD-KFM), ResiScope, Soft-
Resiscope and Scaning Microwave that overcome
the intrinsic difficulties of electrical
nanocharacterization with AFM. This techniques
have been applied on a variety of solar cells
samples providing high stability, sensitivity and
lateral resolution.
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Figures

Figure 2: HD-KFM image of a cleaved perovskite solar cell
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Graphene Silicon-
Heterojunction Solar Cells

Abstract

ONE Silicon-heterojunction cells represent one of
the most promising approaches in photovoltaics,
with record efficiencies above 26% [1]. These cells
have very thin and relatively resistive front
emitters, so they need transparent front
electrodes to extract current. State-of-the-art
contacts for this application are transparent
conductive oxides (TCOs) having a rather limited
sheet resistance, of the order of 120Q/o. A
significant reduction of this parameter would help
reduce cell series resistance and hence improve
performance. The present work is aimed at
developing graphene-based transparent electrodes
having sheet resistances about one half of that of
TCOs or less.

Graphene samples respectively having one, two and
three atomic layers have been optically and
electrically characterized. White-light transmission
maps have been used to correlate transparency and
number of layers. Transmission-line measurements
(TLM) using different metal contacts have allowed to
assess sheet resistances and contact resistances,
leading to the choice of Ti+Ag as a good reference
metal contact.

The results obtained so far have yielded graphene
sheet resistances which, connected in parallel with
present TCOs could well allow to attain 50 to 60 Q/o
with an excellent optical transmission. The full
compatibility between graphene transfer methods
and cell materials and surfaces is being tested. Low
[2]- and high-temperature transfer procedures are
being compared.
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The work undergone so far clearly suggests the
possibility to noticeably improve transparent
electrodes with this approach and therefore to
further  enhance  silicon-heterojunction  cell
performance.
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Temperature evolution of
antiferromagnetic domains
in patterned exchange bias

systems

Exchange Bias (EB) phenomenon manifests as an
induced magnetic anisotropy in  coupled
ferromagnetic/  antiferromagnetic ~ (FM/AFM)
materials. It can be understood as an alignment
and pinning of AFM spins at the FM/AFM interface
parallel to FM spins upon cooling below the AFM
Néel temperature. The introduction of competing
anisotropies, e.g. via lateral patterning of FM/AFM
thin films, can give rise to new magnetic
properties. For technological reasons, this EB size
dependence is of particular interest for the
miniaturization of spintronic devices.

Our work investigates the thermal stability of
patterned polycrystalline IrMn/FeCo (AFM/FM)
bilayers. IrMn/FeCo lines were fabricated by
physical etching of continuous bilayers. EB was
induced by thermal annealing under external
magnetic fields. Two annealing conditions were
considered; external field applied either parallel or
perpendicular to the line axis. The magnetic effect
of imprinted AFM domains was studied at room
temperature and low temperature after a field-
cooling procedure.

Despite the direction of the annealing field with
respect to the lines, the system always shows the
same unidirectional anisotropy (EB) axis at room
temperature, which is along the line axis. This
unexpected behavior is observed even when high
magnetic fields are applied during the annealing
procedure. This is in contrast to previously
reported results.[1]

After annealing, a field-cooling procedure was
performed in order to study the stability of AFM
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domains. The magnitude of the exchange bias field
increases at lower temperatures. However,
positive cooling fields induce negative EB, while
negative cooling fields yield positive EB, even
though when the hysteresis loop was negatively
shifted at room temperature. Meaning that, the
unidirectional anisotropy is set by AFM domains
rotating towards the cooling field direction.
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318901, EU H2020-MSCA-734801, Basque PRE-
2015-1-0385, Spanish AEI-MINECO FIS2013-45469
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Figure 1: Atomic force microscopy image of patterned IrMn/FeCo
bilayer.
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Objective Conclusions

Mucus penetrating nanoparticles (NPs) obtained
by dense poly (ethylene oxide) (PEO)-coating are
promising platforms for the delivery of drugs to
mucosal surfaces. We developed efavirenz (EFV)-

EFV-loaded PEO-PLGA NPs appear to be safe and
able to distribute and retain in the colorectum,
potentially contributing to sustained local drug
levels that could be useful in preventing rectal HIV

| loaded poly (lactic-co-glycolic acid) (PLGA) NPs transmission.
modified at the surface with PEO and tested their
potential to be used as rectal microbicides in
preventing sexual HIV transmission.

Methods Total
EFV-loaded PLGA NPs produced by
nanoprecipitation and modified by surface
adsorption of Poloxamer 407 (a surfactant
containing PEO) were characterized regarding their
technological and in vitro biological properties.
Further, NPs were evaluated regarding their
colorectal distribution and retention, as well as
safety after 14 days of once daily rectal
administration to mice.

Results

Dense surface modification of PEO-PLGA NPs
(200nm) with PEO was confirmed by 'HNMR
analysis. Drug association with NPs did not
substantially affect the antiretroviral activity of
EFV and improved the cytotoxicity profile of the
drug. NPs modified or not with PEO were mainly
distributed throughout the last two thirds of the
colon of mice. However, PEO-PLGA NPs showed
significantly improved retention in colonic tissues
over non-modified particles 15 min and 2 h after
administration (Figure 1). EFV-loaded PEO-PLGA
NPs were found safe after 14-day rectal
administration, as assessed by histological
observation and analysis of IL-1b, IL-6, IFN-y and
TNFa levels in rectal lavages.
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Figure 1: Graphs: Recovery of fluorescent NPs from colorectal tissues
at 15 min, 2 and 6h post-administration. Results are expressed as the
percentage of the initial amount of NPs. Columns represent mean
values and bars the SEM (n=3). (*) denotes a significant difference
(p<0.05) when comparing PLGA NPs and PEO-PLGA NPs. Images:
Fluorescent microscopy images of Middle colon at 15 min (A,C) and
Distal colon at 2 hours (B,D) after rectal administration of PLGA NPs
(A,B) and PEO-PLGA NPs (C,D).
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Imaging the Charge Carrier
inside Solar Cell
Using Kelvin Probe Force

Microscopy

Abstract

The internal potential of the solar cell devices
depends on the basic mechanism of photovoltaic
effect, such as charge carrier generation,
separation, transport, recombination etc. Here we
report the direct observation of the surface
potential depth profile across the cross-section of
the solar cell at different wavelengths of light using
Kelvin probe force microscopy (KPFM). However,
KPFM, a modified version of Atomic Force
Microscopy (AFM), is a non-contact surface
technique used to measure the local contact
potential difference (CPD) between a conducting
AFM tip and the sample.*? We have plotted the
CPD profiles across the cross-section of the device
and correlated the measured potentials with the
material interface positions in the device. The
topography and phase images across the cross-
section of the solar cell were also observed, where
the interfaces of the different layers in the device
were well defined in nanoscale range. The
influence of the different spectra of light on the
generation and transport processes of the charge
carriers inside the solar cell have been investigated
here. Under steady state solar illumination, a sharp
difference in electrical potential is observed across
the active layers of the solar cell.3* The results on
the distribution of the charge carriers inside the
solar cells under different illuminations help to
understand the basic charge transport mechanism
across the interfaces which open the possibility to
design the high performance solar cells in future.
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Figure 1: (a) Schematic diagram of the cross-sectional KPFM
measurement system. (b) Surface potential image across the layers of
the solar cell under solar illumination.
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Helicobacter pylori chronic infection leads to with Dissipation and best results were obtained
several gastric disorders, such as gastric cancer [1]. with the spacer with PEG11 arm, allowing higher
Success rate of available therapy, based on AMP surface coverage. Functionalized surfaces
antibiotics, has dramatically decreased due to were tested against a human highly pathogenic H.
bacterial resistance [2]. Antimicrobial peptides pylori strain (H. pylori 199). H. pylori 199 viability
(AMPs) are low molecular weight peptides that was reduced in 75% for surface adherent bacterial
target bacterial cell membranes and cause cells and, more outstandingly, viability of
disintegration of the lipid bilayer structure, having planktonic bacteria was reduced in 99% after 2h of
low propensity to induce resistance [3]. The AMP exposure to these surfaces. Also, no bacterial
MSI-78A (GIGKFLKKAKKFAKAFVKILKK), also known recovery occurred when transferred to optimal
as PexigananA, was effective against H. pylori in growth conditions, stressing the bactericidal effect.
vivo but in dosages close to toxic level [4], which is These results highlight the potential of AMP
related to AMPs loss of activity due to surface immobilization for development of non-
susceptibility to extreme pH and proteases [5]. antibiotic therapies against the gastric pathogen
AMP immobilization may allow overcoming these while demonstrating, for the first time, the activity

drawbacks and boosting its activity [5]. of an immobilized AMP against planktonic H.

MSI-78A synthesized with an extra cysteine (C- pylori.
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Engineered Nanoporous Anodic Alumina

Micro and Nanoparticles for
Biomedical Applications

Nanometric and micrometric particles have
attracted great interest in recent years due to their
interesting features for the development of
biomedical applications with great social impact
[1,2]. Particles that respond to variables in specific
tissues in the human body are a novel and
promising strategy in health care and quality of
life. Recent studies have presented excellent
results using particles in the micrometric and
nanometric size range in vitro and in vivo [3].

Nanoporous anodic alumina (NAA) is a
nanostructured material, excellent for the
formation of these particles. NAA consists of
hexagonally-ordered straight nanometric pores
arranged in an alumina matrix. Its geometric
characteristics (pore size, interpore distance,
porosity, and thickness) can be molded by the
anodization conditions (voltage and time of
anodization, temperature, and acid used as
electrolyte), with a cost-effective and precise
control fabrication [4,5]. Its high effective surface
area (hundreds of m?/cm3) can be chemically
modified with organic compounds [3]. The
physical, chemical and optical properties of NAA
together with its nontoxicity and its highly stable
morphology in buffer solutions makes of NAA an
interesting material for the development of
particles for biological applications [6]. Another
singular characteristic that distinguishes NAA
particles from particles made of other materials is
their inherent photoluminescence in the visible
spectrum range (Figure 1). Besides, its
compatibility with biological tissues has been
demonstrated with its use in orthopedic
prosthetics, dental and coronary stents, cell
culture scaffolds, and immunoisolation devices [7].

In this work, we present different NAA particles
with a micrometric and nanometric size and we
study and evaluate their physical, chemical and
optical properties for a wide range of applications
in the biomedical and biotechnological fields.
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Figure 1: Photoluminescence of NAA particles (excitation wavelength
340 nm). Inset: Blue fluorescence field image of NAA particles.
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ANTI-ICING AND DE-ICING
GRAPHENE NAOPARTICLES
REINFORCED

EPOXY COATINGS

The use of renewable energy sources increases
every year, replacing other more pollutants power
sources. Wind turbines are frequently located in
high altitude location and the snow and ice reduce
their productivity due to the freezing of their
components.

This research consists on inducing self-healing of
nanoreinforced coatings based on Joule effect. A
preliminary thermoelectrical evaluation at low
temperatures is presented, using the electrical
heating properties of graphene nanoparticles
(GNPs) reinforced epoxy matrix to anti icing and
de-icing  applications.  Different GNPs/epoxy
nanocoatings with different nanofiller percentages
and thickness of 200 um, were manufactured in a
three-roll-mill machine controlling the gaps and
the rollers speed. Anti-icing and de-icing tests were
performed into a climatic chamber in the
temperature range of -10 to -30 °C in order to
observe coating properties and functionality. The
self-heating was promoted by Joule effect,
applying low power in DC.
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Figure 1: De-icing tests in climatic chamber at different ambient
temperatures (-102C, -202C, -30 2C) for 10 — 12% weight reinforced
samples.

Figure 2: Anti-icing test result for 12% weight reinforced specimen.
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We control electronic transport of vertical metal-
atomically thin MoSz-metal structures generating
mechanical strain with the tip of a conductive
atomic force microscope [1].

The structures show rectifying current-voltage (I-V)
characteristics, with rectification ratios strongly
dependent on the applied load. To understand
these results, we compare the experimental I-Vs
with a double Schottky barrier model, which is in
good agreement with our experimental results and
allows us to extract quantitative information about
the electronic properties of the tip/MoS./metal
structures and their dependence on the applied
load. Finally, we test the stability of the studied
structures using them as mechanically tunable
current rectifiers.

Figure 1: Schematic of vertical metal-2D semiconductor-metal devices
obtained by sandwiching a few layer MoS; crystal between metallic
Additionally, we study the photoresponse of electrodes.

vertical MoS: devices [2] using monochromatic

illumination in the visible and near infrared range Energy (eV)

(Figure 2). We observe enhanced responsivity at 2422 2 18 16 14
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Figure 2: Wavelength dependent photoresponse and external
quantum efficiency of the metal-MoS;-metal devices for different
biasing voltages.
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Direct measurement of the
nucleation time of a water
nanobridge

Water nanocapillary bridges are predominant in
nature, have a significant impact in many physico-
chemical properties of surfaces and can have a
severe influence on the design of
nanoelectromechanical devices[1]. They have been
extensively studied using nanoscale experimental
tools such as the Atomic Force Microscope (AFM).
However, basic characteristics such as their
nucleation time are still debated. Using AFM,
different approaches were followed to measure
the meniscus nucleation time, but such
approaches suffer from poorly defined local
geometry[2] or poor time resolution[3], producing
order-of-magnitude contradicting results, that
raise questions on the influence of local geometry
and surface roughness on the nucleation of the
bridges

In  this presentation we will introduce a
methodology to measure both the nucleation time
and the critical nucleation distance for a simplified
sphere-plane geometry. This approach is based on
a custom-made Force Feedback Microscope
(FFM)[4] that circumvents some of the
disadvantages of conventional AFM, allowing it to
measure the nucleation of a nanocapillary that
forms between a carbon sphere and a flat piece of
muscovite mica. We will present results
demonstrating that the nucleation of these bridges
happens within times on the order of a few
milliseconds.
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3D-Printed Graphene-Based
Aerogel Electrodes for

Energy-Related Applications

Aerogels are monolithic high surface area
structures with great potential as electrodes for a
number of energy-related applications like energy
storage (e.g. supercapacitors, redox flow batteries,
Li-ion batteries, etc.), and energy conversion (e.g.
hydrogen evolution, oxygen reduction, etc.).
However, the random, uncontrolled nature of their
porous networks can hinder mass transport and
negatively impact device performance. 3D printing
provides a means to synthesize aerogels in a
manner that can mitigate the mass transport issues
by intelligently incorporating  macroporous
channels into the native nanoporous aerogel
structure. This advance in electrode fabrication has
the potential to provide an even greater level
performance for these hierarchical functional
materials. Here we present our recent efforts to 3D
print aerogel materials. The 3D printed aerogels
exhibit many of the same properties as bulk
aerogels, but with some enhancements in mass
transport as well as mechanical properties. Energy
storage devices based on 3D printed electrodes,
which exhibit great rate capability, synergistic
capacity, and cycling stability, will be presented.

This work was performed under the auspices of the
U.S. Department of Energy by Lawrence Livermore
National Laboratory under Contract DE-AC52-
07NA27344.
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Figures

.

(top), low magnification (middle), and high
magnification (bottom) SEM of 3D-printed carbon aerogel. Inset shows
3D-printed aerogel before carbonization.
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Self-assembled monolayer
films of Iron
phthalocyanines on thin
alumina films:
characterization and
properties

Electronic and reactivity properties of Iron
phthalocyanines have been investigated using
Density Functional Theory and scanning tunneling
microscopy. Phthalocyanines (Pcs) are organic
molecules possessing a central cavity which can
accommodate a single metal atom (M). Metal
phthalocyanines (MPcs) are able to adsorb on a
variety of supports, with ordered structures
determined by molecule-molecule and molecule-
substrate interactions. Employing metal
phthalocyanine self-assembling properties, it is
possible to obtain model systems for biomimetic 1-
D active centers, where unexpected properties may
stem from the utmost low dimensionality. In our
work we focus on Iron phthalocyanines deposited
on ultrathin alumina films. These molecules self-
assemble in highly ordered structures, stable
enough to provide optimal candidates for model
single atom catalysis. We found that it is possible to
control the FePc’s self-assembly decorating the
alumina layer with Cu nanoclusters, switching
between adsorbed structures governed by or
molecule-molecule or molecule-substrate
interaction.

nanoPT2018 Lisboa

NisAl(111)
substrate

dot structure

thin film

A
network

Figure 1: (Structural model of AlL,Os/NisAl(111))

Figure 2: (STM image of FePcs on Al,03/NizAl(111), together with DFT
model)
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Introduction

Plant extracts presents important medicinal
properties such as antioxidant and anti-genotoxic,
however, its direct application has been limited
mostly due to instability during storage
(temperature, light, pH, oxygen). Furthermore, to
obtain plant extracts, organic solvents are often
used, making it undesirable for administration.
Considering this, the encapsulation of plant
extracts into polymer nanoparticles is a good
approach to avoid such problems due to their
biocompatibility, biodegradability and controlled
release properties [1]. Thus, the aim of this study is
to encapsulate an Asparagus aqueous extracts into
poly lactic-co-glycolic acid (PLGA) nanoparticles for
exploitation of its therapeutic properties.

Material and Methods

Plant material and preparation of extracts: Roots
and spears of Asparagus were dried and grounded.
Then, 1 g of the powder was added to distilled
water and boiled. After decoction, the extracts
from the roots (DR) and the spears (DSP) were
freeze-dried. The total phenolic content and
antioxidant activity of DR and DSP were
investigated using a described methodology [2].
Nanoparticle productions and characterization

The DR and DSP extracts were separately
encapsulated into PLGA nanoparticles using a
solvent-evaporation double emulsion method
previously described [3]. The particle size,
polydispersity index (PDI) and zeta potential of
nanoparticles were evaluated. The antioxidant
activity was measured by the DPPH method, and
the encapsulation efficiency (EE) for each extract
was determined by the quantification of the total

activity was related with higher TPC values. The
nanoparticles characteristics are shown in Table 2.
A small size particle and PDI values close to 0.1
were find in both formulations. A PDI values
around 0.1 indicates a homogenous and mono-
dispersity and hence a better particle size
distribution [4]. The values of zeta potential were -
37 and -41 for DR and DSP respectively,
demonstrating a good colloidal stability [5]. Both
extracts presented an EE superior of 50%, which is
a good achievement for aqueous plant extracts.
Conclusion

The results showed that Asparagus is a source of
antioxidant compounds. It is foreseen that its
encapsulation into polymeric nanoparticles can
potentiate the therapeutic benefits of Asparagus
extracts for multiple health conditions and for
administration by different administration routes
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Tables
Table 1: Total phenolic contents (mg GAE/g) and antioxidant
activity (TEAC, umol TE/g) of Asparagus extracts.
DR DSP
TPC 81.19+3.33 31.93+0.41
DPPH 207.8+1.2 93.23+1.51

Table 2: Particle size, polydispersity index, zeta potential, and
entrapment efficiency (EE) of Asparagus nanoparticles

phenolic content (TPC).
Results

As shown in Table 1, a variation in the TPC content
and antioxidant capacity results was observed

Size (nm) PDI Zeta Potential EE (%)

(mV)
PLGA DR 263.2+3.00 0.17£0.02 -37x4.42 74.72£2.70
PLGA DSP 225.8+13.54 0.14+0.01 -41.7+4.64 52.20+3.41

between the extracts. The higher antioxidant
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DEVELOPMENT OF
NANOSTRUCTURED-LIPID
CARRIERS USING
BIOSURFACTANTS FOR
ENCAPSULATION OF
VITAMINS

Vitamins have an important role in human diet,
being essential for normal maintenance, growth
and development of human organism. Moreover,
their absence can lead to specific deficiency
syndromes [1]. Liposoluble vitamins exhibit poor
solubility in aqueous mediums and are very
sensitive and unstable when exposed to
inadequate conditions (e.g. temperature and pH).
With that in mind, it is important to preserve the
properties of these molecules and to improve their
biological efficiency. Nanoencapsulation can be an
alternative and lipid-based nanosystems are
presented to be a good alternative for vitamins
encapsulation due to their unique features (e.g.
easy scalability, presence of digestible lipids,
possible absence of solvents and the use of food-
grade materials during production) [2]. The main
ingredients (i.e. lipids and surfactants) are
important in their production and focusing in the
food sector it is important to find new bio-based
and biodegradable food-grade materials with new
well-known properties, such as biosurfactants
(produced by microorganisms) [3, 4]. The
biosurfactants are already used in the food
industry to improve, for example, texture,
organoleptic properties and creaminess of
products, this way and taking account their
physico-chemical properties (low toxicity, high
biodegradability, high selectivity, low micelle
concentrations and effectiveness at extreme
temperatures, pH’s and salinities) the main
objective of this work is the development and
characterization of nanostructured-lipid carriers
(NLC’s) using biosurfactants for encapsulation of
liposoluble vitamins. The NLC's were prepared by
melt-emulsification, using ultra-homogenization
followed by ultrasonication technique. For NLC's
productions, Neobee 1053 (liquid lipid) and
glycerol monosterate (solid lipid) were used as the
lipid phase and rhamnolipids (biosurfactant
produced by Pseudomonas aeruginosa) dissolved
in ultra-pure water was used as the aqueous
phase. A full factorial design was employed for
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optimization of the process, designing a set of
experiments with different ratios of aqueous:lipid
phases, solid:liquid lipids and concentration of
rhamnolipids. Size and polydispersity (evaluated by
dynamic light scattering, DLS) were used as
response variables. Morphology of the NLC's
system were further evaluated by transmission
electron microscopy (TEM). Size (124-430 nm) was
mainly dependent on the water content of the
system, while the aqueous:lipid phase ratio and
concentration of rhamnolipids were the main
factors affecting the polydispersity, which ranged
from 0.227 to 0.945. TEM observations confirmed
the size determined by DLS and the spherical
morphology of the NLC’s. The results represent an
important step for the encapsulation of vitamins
and the consequent production of functional
foods.
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Abstract

The carbon nanotubes are materials exhibiting
interesting properties [1] could being applied in
numerous fields, including catalysis [2]. However,
most of the times it is necessary to increase the
reactivity of the surface of these materials by
functionalization with groups of acid character,
which can serve as anchoring groups for metals or
other functionalities. Our research group has
recently prepared doped alkaline multiwall carbon
nanotubes, which have resulted to be efficient
catalysts in the Knoevenagel condensation [3].

In this paper we show the synthesis and
characterization of multiwall carbon nanotubes
(CNT) doped with different transition metals, M-
CNT (with M=V, Cr, Mo, Ni). The goal is to obtain
acid catalysts active for the synthesis of Fine
Chemicals.  Other  carbonaceous  materials
containing those metals, in particular, carbon
xerogels, were tested in the synthesis of chalcones,
resulting as active catalysts [4]. The solids have
been prepared by treatment of commercial
multiwall carbon nanotubes with nitric acid (CNTO)
and subsequent doping with the metals by ionic
exchange of the corresponding salts under
ultrasonic activation. The materials thus obtained
were dried at 60 2 C and pyrolyzed at 500 ¢ C to
decompose the salts. A reference solid without
metal was also prepared (CNTOp).

The analysis by different techniques shows that
the doping of the CNT with the metals has been
produced. Thus, FTIR-ATR spectra show the
disappearing of the bands assigned to the
carboxylic groups and the appearing of new bands.
The TG curves in air of the pyrolyzed samples lead
to a higher residue than that for CNTOp, following
the V > Cr > Ni > Mo order. The thermal stability of
C=C bonds of the skeleton of nanotubes
functionalized with nitric acid (CNTO) increases
with respect to commercial nanotubes; however,
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in  samples doped the temperature of
decomposition of nanotubes is lowered in
approximately 100°C, with respect to that of
CNTOp. This fact indicates that the metallic phases
contribute to the destabilization of the nanotubes,
promoting their oxidation. The exception is the
Mo-CNT sample, whose TG curve is not altered
with respect to that for CNTOp, the final residue
being almost the same for both samples.
Therefore, in the case of sample containing Mo,
the doping has been produced in a less extent than
for the rest of metals.

XRD patterns of samples show the formation of
vanadium pentoxide in the V-CNT sample, whereas
no crystalline phase is detected for the rest of
samples, indicating a higher dispersion of the
metals in the carbon nanotubes.

The commercial carbon  nanotubes are
mesoporous solids. The oxidation causes a
decrease in Sger and the pore volume due to the
pore blockage by oxygenated functionalities, which
are partially removed during pyrolysis. The value of
the BET areas also decreases in nanotubes doped
with the transition metals, due to the blockage of
micropores and small mesopores by the metals.
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Changes associated to ceramic oxides
surface modification of a nanoporous
alumina membrane by ALD technique

Atomic layer deposition (ALD) technique has
demonstrated to be an adequate procedure for

geometrical and surface  modifications  of
nanoporous membranes  with  well-defined
morphology (parallel array of straight nano-

channels without practically pore radii dispersion)
obtained from polymeric (polycarbonate track
etched procedure) and ceramic (two-step
aluminium anodization method) membranes [1-2].
Moreover, the election of the deposited material
can open the common field of application of these
membranes (drug delivery and microfluidics) to
optical and electro-catalytic devices.

This work presents geometrical, chemical,
electrochemical and optical characterizations of
nanoporous  structures (NPSs) obtained by

deposition of different metal (Ti, Fe, Si,..) oxides by
ADL technique on a nanoporous alumina membrane
(NPAM) with the following geometry: average pore
radii of 12 nm, porosity of 12 % and 63 pum in
thickness (Fig. 1 left). NPSs have been characterized
by X-ray photoelectron spectroscopy (XPS) and
scanning electron microscopy (SEM) imagine
analysis to establish the presence of the coating
material on the alumina surfaces (external and pore
walls) and its effect on NPAM morphology (Fig. 1
right). Optical characterization of both NPAM and
NPSs was performed by UV-Vis-NIR spectroscopy
measurements (wavelength between 200 nm and
1000 nm), which give information on samples
behaviour in the visible and near-ultraviolet regions.
Diffusive ionic transport was also considered by
analyzing concentration potential measurements
performed with NaCl solutions [3]. This set of
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measurements allows a rather complete picture of
NPSs characteristics, which permits the election of
the most adequate ceramic oxide coating material
depending on NPS application.
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Figure 1: SEM top view images of: NPAMs (left); NPAM+SiO2 (or
NPS) (right).
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Characterization of alumina-based
nanoporous structures by
spectroscopic ellipsometry

Nanoporous alumina membranes (NPAMs) obtained
by the two-step aluminum anodization method are
nowadays commonly used in nanofiltration,
biosensors and drug delivery due to their well-
defined nanoporous structure, but surface
modification might open the areas of application [1-
3]. For that reason, an optical characterization of
NPAMs by spectroscopic ellipsometry technique is
presented in this work.

NPAMs with similar thickness but different pore size
and inter-pore distance/porosity, depending on the
first step anodization conditions (electrolyte and
voltage), were morphological, chemical and optically
analyzed. Moreover, different alumina-based
nanoporous structures (NPSs), obtained by atomic
layer deposition (ALD) technique of different ceramic
oxides on the NPAMs, have also been studied.
Optical characterization was performed by
spectroscpic ellipsometry measurements, which
were carried out with a commercial apparatus (GES
5E, Semilab, energy ranging between 1.0 and 5.0 eV)
at different incidence angles. Consequently,
differences in basic optical parameters such as the
real part of the refractive index, n, and the extinction
coefficient, k, (imaginary part) depending on samples
porosity and composition anisotropy could be
obtained [4] and, for comparison, values at a given
wavelength is also presented [5]. Transmission
spectra (UV-Vis-NIR spectroscopy with wavelength
ranging between 200 nm and 1000 nm)) were also
recorded, and the obtained curves were compared
to get information on the optical influence of
ceramic oxide coverage. NPAMs and NPSs surfaces

nanoPT2018 Lisboa

were morphological and chemically characterized by
SEM images and XPS analysis, respectively, for wider
and more complete characterization of the studied
samples.
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Figure 1: Changes in phase angle (a) and amplitude (b) with
energy, at incident angle of 65°, for NPAMs with different average
pore size: solid line, 11 nm; dashed line, 16 nm.

(Portugal) 71



Esteves, H.2, Gomes, J.%2, Miranda, R.*, Albuquerque,
P.Z'3

Area Departamental de Engenharia Quimica, ISEL —
Instituto Superior de Engenharia de Lisboa — Instituto
Politécnico de Lisboa, R. Conselheiro Emidio Navarro,
1959-007 Lisboa, Portugal.

2CERENA - Centro de Recursos Naturais e Ambiente /
Instituto Superior Técnico — Universidade Técnica de
Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal.
3ESTeSL - Escola Superior de Tecnologia da Saude de
Lisboa, Instituto Politécnico de Lisboa, Av. D. Jodo I,
Lote 4.69.01, 1990-096 Lisboa, Portugal.

4UNIDEMI, Departamento de Engenharia Mecanica e
Industrial, Faculdade de Ciéncias e Tecnologia,
Universidade Nova de Lisboa, 2825-516 Caparica,
Portugal.

Occupational exposure to nanoparticles in differentiated
ceramic production processes

Email: helder.esteves@tecnico.ulisboa.pt

Abstract
References
Some studies on occupational exposure to
particulate matter have pointed to dangerous (1]
effects for workers as regards inhalable and
respirable particles. These occupational exposure (2]

Hristozov, D., Malsch, I., Sustainability, 1,
1161-1194 (2009).

Sousa-Uva, A. - Diagnostico e Gestdo do
Risco em Saude Lisboa,

scenarios are extremely complex, as they involve
components inherent to individuals, working
conditions and the activity developed (Sousa-Uva,
2006). In what concerns the ceramic industry,
workers may be exposed to nanomaterials during
the whole process of production due to its
involuntary release (Hristozov and Malsch, 2009).
Taking these considerations into account,
measurement campaigns were carried out in
Portuguese ceramic industries, producing different
products, in order to characterize and evaluate the
occupational exposure of workers to nanoparticles
in order to be able to understand:

- the existence of different measured values in the
ceramic units;

- the typology of nanoparticles emitted;
- pulmonary accumulation from
manufacturing processes.

To perform the evaluations, a Nanoparticle Surface
Monitor, TSI, Model 3550 was used which
measured the superficial area of nanoparticles
deposited in the lung expressed as um?/cm?, and
also a NanoScan SMPS Nanoparticle Sizer, TSI,
Model 3910 which measured the size distribution

different

Ocupacional.
Instituto para a Seguranga, Higiene e Saude
no Trabalho, 2006.

Figures

Measurement of nanoparticles over time in the
loading of materials

§

8000
6000
4000

2000

Number of nanoparticies (8/cm’)

Figure 1: Measurement of nanoparticles in a refractory brick
company

Measurement of nanoprticles over time in mixer 3
35000

20000 |

5000
o

0g:40.06 [

Number of nanoparticles {#fcm?)
EEEERE
BEEBBEE

083906 BT

08:41;06 |E——

08:42:06 IIS——"

os:an06 =T

08:45.06 PR

08:45,06 B

08:38:06

as well as its concentration in real-time Figure 2: Measurement of nanoparticles in a sanitary ware company
workplaces.
72 nanoPT2018 Lisboa (Portugal)



Thais Pasetol, Patricia Filipe2, Patricia Rijo?
Catarina Rosado?, Patricia Maia Campos!, Pedro
Fonte>3*

IFaculty of Pharmaceutical Sciences of Ribeirdo Preto,
University of Sdo Paulo, Ribeirdo Preto, Brazil
2CBIOS-Research  Center for Biosciences and Health
Technologies, Luséfona University, Lisbon, Portugal
3UCIBIO, REQUIMTE, Department of Chemical Sciences —
Applied Chemistry Lab, Faculty of Pharmacy, University of
Porto, Porto, Portugal

*pedro.fonte@ulusofona.pt

A new approach for
development of

nanostructured lipid carriers

for topical drug delivery

Nanostructured lipid carriers (NLC) are the second
generation of lipid nanoparticles, that were
created to overcome some problems of solid lipid
nanoparticles (SLN) [1]. NLCs are composed by a
mixture of solid and liquid lipid, usually in a ratio
up to 70:30 [2]. The addition of a liquid lipid in the
formulation promotes changes in the structure of
the nanoparticle, leading to higher drug loading
than SLN [3]. There are several techniques to
produce NLC, but most of them use heating in the
process making it undesirable to encapsulate
thermolabile drugs [4]. The aim of this work was to
produce NLC without heating by a modified
solvent-evaporation double emulsion technique.

NLCs were produced using a modified solvent
evaporation method [5], by placing the liquid lipid
in the organic phase. It was performed an
experimental design to evaluate the capacity of
several lipids, surfactants and its combinations to
obtain particles in the nanosized range with low
polydispersity (Pdl), good colloidal stability and
high association efficiency (AE) of the drug. After
production, it was evaluated the diameter, Pdl,
zeta potencial and association efficiency of the
model drug, lidocaine hydrochloride.

The nanoparticles diameter may be affected by
many factors, but the most important parameters
include the amount of lipid, type of lipid and
surfactant concentration [3]. The criteria used to
choose the best formulation was to have the lower
diameter, good zeta potencial, formulation
homogeneity and higher drug association
efficiency. Considering all these parameters, the
best formulation was Tween 80® 2% (w/v) +
Precirol® ATO 5 and Oleic Acid (Figure 1). The
polidispersity index ranged between 0,18 and 0,84
and AE of the formulation was higher than 70%.
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The developed protocol allowed to produce NLC
with good physico-chemical properties and
without the need of heating, and with high
association efficiency of the drug. It is foreseen the
application of this encapsulation protocol to load
thermolabile drugs, such as therapeutic proteins.
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Figure 1: Particle size characterization of NLC formulations. LL:
Labrafac Lipophile WL 1349; OA: Oleic Acid; MCC: Maisine CC; PR:
Precirol ATO 5; SU: Suppocire DM Pallets
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Preparation of self-
assembled 6,7-
dehydroroyleanone
nanoparticles

6,7-dehydroroyleanone (Figure 1) is an abietane
diterpene that can be isolated from Plectranthus

madagascariensis Pers. Benth. var.
madagascariensis essential oil, and has already
shown significant cytotoxic activity against

different tumoral cells [1].

In this work, the reactivity of the lead molecule
was explored through its functionalization by the
introduction of a proper linker on the C-12
hydroxyl group (12-OH) attached to a self-
assembling inducer: squalene. Squalene is a
natural precursor of many steroids and has shown
the ability, when linked to biologically active
compounds, to achieve a spontaneous formation
of nanoassemblies in water [2].

As such, the introduction of a squalene-type chain
using a labile linker, including a squalene conjugate
with a labile disulfide bond (Figure 2) was
performed through a Sterglich reaction.

The previously prepared monoester — obtained
through the condensation and esterification of a
dicarboxylic acid (ditiobutiric acid) with a squalene-
type chain (1,1’,2-tris-norsqualene alcohol) - was
then used to be coupled with the abietane
compound. 1D-NMR spectra was performed in
order to confirm the structure of the obtained
compound, and its results were then compared to
the NMR spectra of the lead compound as well as
the monoester.

Afterwards, the nanoparticles were prepared
through the solvent displacement method: an
organic solution was prepared by dissolving the
compound in organic solvent to then be subjected
to nanoprecipitation in water. After the addition of
Milli-Q water, the organic solvent was removed in
vacuo, thus assuring the presence of the
compound in the aqueous phase.
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In terms of physical characterization, the diameter
(particle size) and polydispersity index (Pl) of the
diterpene conjugated nanoparticles were assessed
by dynamic light scattering and its general toxicity
assessed by the Sacharomyces cerevisae model.

Figures

Figure 1: 6,7-dehydroroyleanone

Figure 2: Conjugation of 6,7-dehydroroyleanone with squalene-type
chain using a labile linker
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structural

Femtosecond laser-induced
modification with
formation of linear carbon

chains in single-walled
carbon nanotube networks

There has been a growing need for technologies to
modify the structure of carbon nanotubes (CNTs).
Also, an effective method to generating molecular
junctions between adjacent tubes is essential
because the performance of a CNT network
significantly deteriorates at the interface between
tubes.! Therefore, intensive investigations were
performed for transforming the CNT structures
with formation of covalently bonded junctions
between adjacent CNTs by electron beam
irradiation® and Joule heating.l®!

In this work, a femtosecond laser was employed as
a tool to induce structural transformations in CNTs
since an ultrashort laser pulse can selectively
deposit energy over a period shorter than the
electron phonon relaxation time. We
demonstrated that femtosecond laser irradiation
can transform single-walled nanotubes (SWNTs)
into multi-walled nanotubes (MWNTs) and form
molecular junctions between adjacent SWNTs. 14!

Commercial SWNT (signle-walled nanotube)-
Di(deionized) water solutions from Brewer Science
were used in this work. Template-guided fluidic
assembly was used to assemble SWNT arrays on
SiO,/Si substrates. Metal pads were patterned on
the assembled SWNT sample using the
conventional lift-off process. A Ti:sapphire
femtosecond laser (wavelength = 800nm, full
width half maximum = 50 fs, pulse energy < 3 mJ,
repetition rate = 1 kHz) was employed in the
experiment.

The diameter and wall number of the transformed
nanocarbons increased with the laser pulse
number. The transformed nanocarbon networks
exhibit extraordinarily strong coalescence induced
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mode in Raman spectra. By controlling the number
of incident laser pulses, the electrical conductivity
of CNT networks was enhanced two-times. The
density function theory computation and
experimental results indicate that the linear
carbon chains between CNT walls expanded the
interlayer spacing, with the linear carbon chain
being under higher strain.

This work indicates that the proposed process has
strong potential in practical applications of CNTs
because the transformed CNTs retained their tube
structures without increasing structural defects.
Furthermore, the femtosecond laser processing
technique is controllable and easily extendible into
multiscale (nano- to macro- scale) applications as a
fast, selective, scalable and non-destructive
method.
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Figure 1: (a) Schematic of the laser transformation process and (b)
Raman spectra and TEM images of the carbon nanotubes before and
after laser irradiation.
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Polymeric Nanoparticles and
lonic Liquids hybrid systems
for delivery of poorly
soluble drugs

Introduction: Poor drug solubility and low
permeation are two challenges when developing
drug delivery systems. Nanotechnology may avoid
these problems, by allowing a controlled or
targeted delivery system [1]. lonic liquids (ILs) are
salts, liquid below 100 °C and have been used to
increase drug solubility and permeation [2].

Our aim was to develop nanoparticle-IL hybrid
systems to deliver a poorly soluble drug, Rutin.
Materials and Methods: Nanoparticles were
produced using Poly(lactic-co-glucolic) Acid (PLGA)
50:50 or PLGA 75:25 by a modified solvent
evaporation, w/o/w double emulsion technique[3].
The inner phase was an aqueous solution of 0.2 %
(v/v) of IL, (2-hydroxyethyl)-trimethylammonium-L-
phenylalaninate ([Cho][Phe]) or (2-hydroxyethyl)-
trimethylammonium-L-glutamate ([Cho][Glu]) [2],
dissolving rutin at its maximum solubility. The
nanoparticles were also prepared with an inner
phase at pH 6.7, the isoelectric point of rutin [4].
The association efficiency (AE) and the loading
capacity (LC) were assessed by UV at 354 nm. The
antioxidant activity was evaluated by DPPH assay.
Results and Discussion: The nanoparticles had a
diameter in the range of 250-300 nm with a good
Pdl and colloidal stability (Figure 1). The AE of
rutin, was around 70 % for the formulations with
[Cho][Phe] and around 50 % for formulations with
[Cho][Glu] (Table 1), representing a good
improvement for a drug with poor solubility. There
are no relevant differences between the two ratios
of PLGA used. The LC of rutin showed that, for the
same IL, results were similar for both ratios of
PLGA (Table 1). However, when comparing both
ILs, [Cho][Phe] showed a higher LC than [Cho][Glu].
The nanoparticles with the inner phase at pH 6.7,
presented a significant increase in diameter (data
not shown). The AE of rutin, only increased using
[Cho][Glu], with an increase of about 8 % for both
ratios of PLGA, while the LC presented the same
tendency (data not shown).

Conclusion: This work showed the potential of
nanoparticle-IL hybrid systems to deliver poorly
soluble drugs, since they allow a higher loading of
Rutin, compared with nanoparticles without IL.
Stable and robust hybrid IL-nanosystems were
obtained, regardless of the pH adjustment.
Acknowledgments: The authors would like to
thank to FCT, Portugal (UID/DTP/04567/2016).
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Figures

Flgure 1: Diameter (nm), Pdl and ZP (mV) of Rutin-loaded choline-
based ILs PLGA nanoparticles hybrid systems. n=3, mean £ SD.

Table 1: AE (%) and LC (%) of Rutin-loaded ILs PLGA nanoparticles
hybrid systems.n=3, mean £ SD.

Polymer IL AE (%) LC (%)

[Cho][Phe] 75.6+1.0 1.0£0.01

PLGA 50:50
[Cho][Glu] 53.8+2.4 0.5+0.04

[Cho][Phe] 73.2+0.9 1.0£0.08

PLGA 75:25
[Cho][Glu] 513+13 0.4+0.03
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High photoresponsivity in
vertically stacked MoS;
photodevices

Semiconductor two-dimensional (2D) materials are
an emerging class of materials with a wide range of
electrical and optical properties. Molybdenum
disulfide (MoS2) is one of the most studied 2D
materials because of its wunique quantum
confinement.

Vertical photodevices are prepared using a
physical vapor deposition method to fabricate the
gold (Au) substrate. MoS; nanosheets are
produced by mechanical exfoliation using a
polydimethylsiloxane (PDMS) viscoelastic stamps
and are transferred onto the Au substrate by an
all-dry deterministic method!!l. The photodevice is
completed by evaporating 8 um Au disks over the
MoS: nanosheets as seen in Figure 1. The
photodevices are illuminated using a white
supercontinuum laser source and a single grating
Czerny-Turner monochromator is used to select
the excitation wavelengths.

|-V characteristics are measured using an
asynchronous set-up and allow us to determine
either dark IV or illuminated /V. Our metal-
semiconductor-metal (MSM) photodevice can be
modeled as two metal-semiconductor diodes
connected back to back® Experimental IV
characteristics are fitted to the model
demonstrating a very good agreement. Schottky
barriers and ideality factors are extracted from the
fitted data and are consistent with the literature®.

Figures of merit of spectral photoresponsivity and
spectral external quantum efficiency at different
voltages are extracted from the /V characteristics
as seen in Figure 2. Two peaks at 1.86 and 2.05 eV
are observed and are related to the bound
excitons A and B.

High photoresponsivity and external quantum
efficiency are obtained in vertical photodevices
opening a new path to explore this vertical
photodevices.
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Figures

Figure 1: Schematic illustrating the experimental set-up.
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Figure 2: Photoresponsivity and External Quantum Efficiency of the
vertical MoS; photodevices.
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Thermally Reduced Graphene

Oxide for Hydrogen Storage

Abstract

Graphene is one of the most promising materials
due to its remarkable properties. One of the
noticeable features of graphene is its high specific
surface area (2630 m2.g?). This property is highly
desirable for hydrogen storage applications (1-2),
one of which main challenges is the production of

graphene materials in large quantities.

Thermal treatments of graphite oxides have been
promising methods for the mass production of
reduced oxide graphene (rGO) with high specific

surface areas (3).

In this study, we present a simple method for
thermal reduced graphene production that can be

used later for hydrogen storage.

Two different temperatures were probed (2502 C
and 4502 C) in four different instruments: a) an

electrical furnace under air conditions,

microwaves under air conditions, c) a fusion
instrument under air conditions, and d) a tubular
reactor inside an electrical furnace. In the last case, a
100 mL.min? Ar flow was used, and the reactor
characteristics allowed the control of the heating

rate.

Successful reduction of thermal reduced oxide
graphene (T-rGO) samples was confirmed by
elemental analysis and X-ray diffraction (XRD). These
materials showed high specific surface areas, of
about hundreds of m2.g? in the Brunauer, Emmett
Teller (BET) test. The scanning electron microscopy

(SEM) showed very porous structures.

This method does not require high-cost and long
processing time and could be useful to make

graphene materials in large quantities for industrial
applications such as hydrogen storage.

References

[1] Guo CX, Wang Y, Li CM. ACS Sustainable
Chemistry and Engineering, 1 (2013) 14

[2]  Kim JM, Hong WG, Lee SM, Chang SJ, Jun Y,
Kim BH, et al., Int. J. Hydrog. Energy, 39
(2014) 3799

[3]  Nguyen ST, Nguyen HT, Rinaldi A, Nguyen
NPV, Fan Z, Duong HM, Colloids and
Surfaces A, 414 (2012) 352

Acknowledgements

Supported by MINECO project GRAFAGEN
(ENE2013-47904-C3)

78 nanoPT2018 Lisboa (Portugal)



M. P. Montero-Rama, J. G. Sanchez, C. Stenta, A.
Viterisi, J. Pallarés and L. F. Marsal*

Departamentd’Enginyeria Electronica, Electrica i
Automatica. Universitat rovira | Virgili.

Av. Paisos Catalans 26, Tarragona, Spain.
Iluis.marsal@urv.cat

Thin Film Metal Oxides as

Electron Transport Layer for
Efficient Polymer Solar Cells

Polymer solar cell (PSCs) have attracted great
interest in the field of renewable energy due to
their recent increase in power conversion
efficiency and low manufacturing costs. [1, 2] In
conventional PSCs, calcium and PEDOT:PSS films
are commonly used as metal cathode and anode,
respectively.[3] Nevertheless, these devices exhibit
poor long-time stability and operational lifetimes
under environment conditions, and thus require
strict encapsulation strategies to reduce
degradation under oxygen and moisture.[4] To
solve these problems, PSCs with an inverted
structure (iPSCs) have been developed. In iPSCs,
PEDOT:PSS is replaced by MoO; or V,0s, while TiOx
and ZnO films are used as electron transport layer
(ETL) because of their high air-stability, non-
toxicity, and high transparency.[5, 6] Our research
is focused on TiOx and ZnO nanometric films used
as ETL in iPSCs. Several devices were fabricated
based on PTB7:PC,,BM and PTB7-Th:PC,.BM as
active layer. The iPSCs based PTB7:PC,,BM were
fabricated with TiOx as ETL, while devices based
PTB7-Th:PC,,BM were fabricated with ZnO as ETL.
All iPSCs were fabricated using a V,0s/Ag bilayer
cathode as depicted in Figure 1 (insert). Figure 1
shows the J-V characteristics of the best-
performing devices. To shed light on the
morphological characteristics of the active layers,
we recorded AFM micrographs of TiOx and ZnO
films as shown in Figure 2. The topography of the
TiOx and ZnO films show rather distinct features.
The ZnO film exhibits a high surface roughness in
comparison to TiOx film that shows a rather flat
topography. We found that iPSCs based on PTB7-
Th:PC;0BM exhibit the best performing using thin
films of ZnO of about 30 nm, while the best
performing of devices based on PTB7:PC,,BM was
obtained using 15 nm of TiOx.
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Magnetite/silver/carbon
nanocomposites: Synthesis,
Characterization and Evaluation as
Specific Sorbent

Fes04/Ag/C nanocomposites have attracted much
interest in many applications due to their valuable
properties. These nanocomposites combine the
good catalytic and antibacterial activity provided
by silver and high adsorption capacity supplied by
carbon with the advantage of easy magnetically
manipulation given by magnetite. Meanwhile, the
carbon presence prevents the oxidation or erosion
by acid or base and agglomeration of the
composite in aqueous solution*?. Generally, the
methods reported for the synthesis of Fes04/Ag/C
nanocomposites require multi-step routes, high
temperatures or long reaction times2. In this work
we report the synthesis of magnetite/silver/carbon
nanocomposites nanocomposites (MSC) with
different mass ratio by the combustion method,
working in controlled atmosphere. This method is
environmentally friendly and has many advantages
such as simplicity, short reaction time, low energy
consumption3*. The presence of magnetite in the
samples was certified by Mossbauer spectroscopy.
The thermal behaviour and textural properties of
the samples are significantly influenced by the high
carbon content. The values of the saturation
magnetization of the samples are in accordance
with their phase composition, decreasing with the
decrease of magnetite content, from 2.6 to 2.0
emu/g. The SEM images of the samples indicate
the presence of small agglomerated magnetite and
silver particles located on the surface of activated
carbon. Combustion synthesis allows obtaining
magnetite/ silver/carbon nanocomposites with
large surface area and ferrimagnetic properties,
which ensure good adsorbent properties, easy
separation of the phases and opportunities for
regeneration and reuse that recommend them as
efficient adsorbents for the removal of different
pollutants from wastewater. The obtained
nanocomposites were tested as adsorbents for the
removal of anionic and cationic dyes from single and
binary systems in aqueous solution, in selected
working conditions. In binary systems the removal
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efficiency slightly decreased due to competitive
effect. Even after five adsorption-desorption cycles
the magnetite/carbon  nanocomposites  still
present a good efficiency (greater than 75%) for
dyes removal from aqueous solution, indicating
the possible industrial application of MSC.
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SPS sintering of graphene reinforced

ceramic matrix

Graphene has recently garnered significant
interest as a reinforcing phase in composite
materials (mostly in Al,0s;, SizsNg, TiO,, ZrB,....)
because of its excellent electrical, thermal and
mechanical properties. Mechanical mixing used to
be conventional method for dispersion graphene
nanoplatelets (GNP) into the ceramic matrix.

However, there are several challenges during
manufacturing process of graphene-ceramic
composites (GCC). One of the obstacles is
associated with preparation of graphene via routes
that produces good dispersion of its layers in the
ceramic matrix. The quality of the graphene
dispersion in a ceramic matrix significantly affects
to the final properties of composite. Thus, to
avoid these problems rapid sintering techniques
such as spark plasma sintering (SPS) is mostly used.

Although, there is possibility to inject ceramic
precursor at the initial stage of graphene
reduction. Leading to the deposition of GNP at the
particles of the ceramic material.

An investigation has been conducted for
producing of aluminum-graphene composition and
results are quite promising. First reduction of
graphene oxide has been conducted due to long
ultrasonic mixing in charge of potassium
permanganate and sulfuric acid. Graphene
reducing has been possible by hydrazine assisted
hydrothermal method. Obtained GNP has been
mechanically mixed with ceramic elements. At the
same time, powder of ceramic-graphene
composition has been obtained via modified
method. Precursors of ceramic materials have
been injected at an initial stage of the graphene
reduction. At first oxides of graphene and
aluminum was dissolved in hydrazine suspension.
After drying and ultrasonic treatment obtained
powder has been sintered using spark plasma
sintering method. Investigation of the structure,
physical-chemical and mechanical properties of
the elaborated composite materials was
performed.  Multi-layer  agglomerations  of
graphene have been observed in to the ceramic
structure (Fig.1.). Obviously, graphene clusters
prevents formation of expected positive effects on
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properties of composite. Beside of this, slight
relevant improvement has been detected.
Especially fracture toughness of sintered Al,0; —
GO material has been improved and Vickers test
showed twice better hardness with comparison of
pure Aluminum oxide (Fig. 2). Moreover, crack
propagation at the edges of indentation has not
been detected.

Consequently, main goal of the research was
reduce number of layers in the graphene clusters
and its homogeneous distribution in ceramic
matrix. The results of this study provide a better
understanding of the effects of GNP on sintering
behavior and mechanical properties.

Acknowledgment: The part of research
described in this work was made possible in scope
of projects funded by Shota Rustaveli National
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Figure 1: SEM micrographs of Al,0; — GO with GO cluster (Spectrum 3)
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Figure 2: SEM micrograph of Vickers indentation.
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Femtosecond laser sintering
of silver nanoparticles on a
flexible substrate

The technology for sintering metal
nanoparticles has recently attracted substantial
attention owing to its potential in future
micro/nano electronic devices including flexible
devices, novel electric circuits, solar cells and
mobile devices. Particularly, laser sintering or
joining of nanomaterials using short pulsed lasers
is emerging as a useful tool for fabricating metal
patterns on flexible substrates without substrate
damage. [1, 2]

This work investigates femtosecond laser
sintering of silver (Ag) nanoparticles on a flexible
substrate. Electrical and mechanical properties of
the laser-sintered samples as well as their
microstructures were examined under various
conditions. Ag nanoparticles were deposited on a
polyethylene terephthalate (PET) substrate using a
spin coating method. A Ti:sapphire femtosecond
laser with a regenerative amplification system
(wavelength = 800 nm, full width at half maximum
=50 fs, pulse energy < 3.5 mJ, repetition rate = 1
kHz) was employed in the experiment.

Femtosecond laser irradiation could not fully
melt the Ag nanoparticles but formed porous
structures composed of Ag nanoparticles bonded
by surface necking. Mechanical crack, as well as
the surface necking, increased with the laser
fluence. The laser sintering process decreased the
sheet resistance of the sintered Ag film (1.7 Q/sq)
because of formation of the electrical pathway.
Furthermore, adhesion strength of the film was
substantially enhanced by the process (5B
according to ASTM-3359 standard). The laser-
sintered film was not separated from the PET
substrate in the tape test. Notable was that the
femtosecond laser-sintered Ag film attained high
flexibility. Compared with the spin coated Ag
nanoparticle layer, the sintered film had
substantially increased crack resistance.
Accordingly, the femtosecond laser-sintered film
maintained its high electrical conductivity even
after severe bending, for example, after repeated
cycles with a radius of curvature as small as 1 mm.
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This work suggests that ultrafast laser
sintering of metal nanoparticles can be a powerful
tool in manufacturing of flexible devices.
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Figure 1: Schematic of laser sintering steps

Figure 2: TEM images of before and after laser sintering
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Nanoparticle-based delivery

system of therapeutic
nucleic acids and peptides
for the treatment of
ischemic stroke

Abstract

Receptor for advanced glycation end products
(RAGE) is a multi-ligand receptor that is involved in
ischemia/reperfusion (I/R) injury. In this study,
RAGE binding peptide (RBP) was produced by
recombinant DNA technology for blocking the
RAGE signaling. RBP was originated from the RAGE
binding domain of high mobility group box-1.
Cytokine assays and immunohistochemistry results
showed that RBP was an effective antagonist of
RAGE, reducing inflammatory cytokines and RAGE.
Along with RBP, the heme oxygenase-1 gene (pHO-
1) was used as a therapeutic gene for protection of
brain cells in ischemic stroke animal models. For
combination delivery of RBP and pHO-1,
deoxycholic acid-conjugated low molecular weight
polyethylenimine (DA-PEI) was synthesized and
used as a gene delivery carrier. A ternary-complex
was prepared with pHO-1, DA-PEl and RBP by
charge interaction. The size of the ternary-complex
was approximately 130 nm. In vitro transfection
assay to hypoxic neuron cells showed that the
ternary-complex had higher gene delivery
efficiency  than pDNA/DA-PEI, pDNA/PEI,
pDNA/lipofectamine binary-complexes.
Furthermore, the toxicity of the ternary-complex
was lower than those of the binary-complexes. In
addition, the cyto-protective effect of the ternary-
complex was confirmed by Annexin V and TUNEL
assay. The animal models of ischemic stroke were
produced by middle cerebral artery occlusion
(MCAO) and reperfusion. The ternary-complex was
injected into the animal model by stereotaxic
injection. The results showed that the ternary-
complex reduced the infarct volume effectively in
the stroke animal models. The results suggest that
the pHO-1/DA-PEI/RBP ternary-complex has anti-
inflammatory and cyto-protective effects in the
cells under hypoxia. Therefore, the ternary-
complex, composed of pHO-1, DA-PEI, and RBP

may be useful for the treatment of ischemic stroke.
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Figures

A

Figure 1: Characterization of ternary-complex and cyto-protective
effect under hypoxia. (A) Morphology of ternary-complex measured by
SEM (scale bar = 1 pum). (B) Cellular uptake of ternary-complex using
Cy5 labeled-DNA in Neuro2a cell (scale bar = 20 um). (C) and (D) Cyto-
protective effect of ternary-complex under hypoxia. (C) Annexin V
assay. (D) TUNEL staining (scale bar = 100 um).

Figure 2: Reduction of infarct volume by ternary-complex in MCAO. (A)
Scheme of in vivo experimental procedure. (B) TTC staining. (C)
Quantification of infarct volume. *p<0.05 compared with MCAO
control and pEmpty/DA-PEI. **p<0.05 compared with MCAO control,
pEmpty/DA-PEl, and pHO1/DA-PEl. ***<0.05 compared with other
groups.
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Abstract

Myrtle (Myrtus communis L.) is an evergreen shrub
belonging to the family of Mirtaceae that grows
spontaneously throughout the Mediterranean
area. This plant is widely used because its
medicinal properties such as anti-inflammatory
and immune-stimulatory properties [1].

In this study, supercritical fluid extraction (SFE)
extracts were obtained at 23 MPa, 45°C and a CO;
flow of 0.3 kg h tusing ethanol as co-solvent with a
flow rate of 0.09 kg h7[2]. Their in vitro
antioxidant capacity was determined using DPPH
method. Then, the extract was encapsulated into
nanocarriers. The last aim was to improve the skin
permeation of the loaded extract to prevent or
treat skin problems.

Methods:

PLGA nanoparticles (NPs) were prepared by
emulsification/solvent diffusion method and their
mean particle size/polydispersity index (Pl) were
measured by dynamic  light  scattering.
Encapsulation efficiency was also determined [3].

Results:

Concerning antioxidant activity of the extract, this
study showed that the extract had 93% of activity.

Results of nanoparticle characterization are
displayed in Table 1. Particles were very small and
monodisperse. The particle size is crucial for skin
permeation through the hair follicles. This fact is
reported in several papers. As example, Otberg et
al. [4] applied caffeine in a mixed solution of

ethanol:polylene glycol to volunteers before and
after blocking all hair follicles with a varnish
solution. In this study, caffeine was observed in
blood 20 min after application on the hair follicle-
blocked skin, but 5 min after topical application to
normal skin. A possible reason for the more rapid
appearance of drug in blood is the rapid absorption
of the substance penetrating through hair follicles
to blood capillaries. We expect that our polymeric
nanoparticles will permeate hair follicles.

Table 1: Characterization of the loaded NPs

Size PI Zeta Potential (mV)
(nm)
Mean 219.67 | 0.11 -20.32
sSD 9.86 0.05 1.27

Our future studies will include permeation studies
using in vitro models simulating the skin
permeation.
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Investigation of the anti-
inflammatory potential of
thymol encapsulated in
lipid nanoparticles

Inflammation can be generated due to many
causes including microbial infection, immune
reactions and physical damage. To treat these
disorders it is common the use of anti-
inflammatory agents such as steroidal and non-
steroidal medicines but some of these drugs are
related with undesirable side effects [1]. Thus,
there is a search for alternative therapeutics that
are less toxic. Thymol is a phenolic monoterpene
that exhibits antimicrobial, antioxidant, anesthetic
and anti-inflammatory effects. Therefore, thymol
could be a promising compound for the treatment
of inflammatory processes and wound healing [2].
However, constituents of essential oil such as
thymol can easily decompose. Nanostructured
lipid carriers (NLCs) are able to provide chemical

protection and sustained release. Also, NLCs
enable the inclusion of natural lipids with
biological properties and suitable for topical

application [3].

The aim of this study was to evaluate the anti-
inflammatory potential of thymol encapsulated in
NLCs aiming its topical application. The
nanoparticles were produced by hot emulsion and
sonication method and characterized regarding to
size, zeta potential and entrapment efficiency.
Nanoparticles were incorporated in carbopol gel
and used to study the anti-inflammatory activity in
an anthralin ear swelling mouse model. The anti-
inflammatory potential was determined through
the measure of mice’s ears thickness and
histopathological analysis.

The average particle size was 108 nm
(polydispersity index of 0.220), zeta potential of
-12mV and 89% of the drug encapsulation
efficiency. The ears treated with the
betamethasone commercial ointment (positive
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control) exhibited total inhibition of ear edema.
Thymol-NLCs inhibited 68% and the other samples
presented lower inhibition (20% for empty-NLCs-
gel and 37% for thymol-gel). The animals treated
with thymol-NLCs showed histopathological scores
similar to betamethasone (positive control) and
the other samples exhibited higher scores of
inflammation  (Figure 1). Therefore, the
encapsulation of thymol in NLCs appears as a
promising manner for its topical administration in
inflammatory skin diseases.
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Figure 1: Histopathological score of mice ears treated with positive

control (betamethasone), thymol-NLC-gel, empty-NLC-gel and thymol-
gel after challenge with anthralin (negative control).
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Parallel software for the
simulation of high angle
annular dark field images at
low magnifications

This work presents a novel parallel low resolution
High Angle Annular Dark Field Scanning
Transmission Electron Microscopy (HAADF-STEM)
software based on the multislice algorithm[1][2].
HAADF-STEM images, also known as Z-contrast,
are obtained by scanning an electron probe of
atomic dimensions across the specimen and
collecting electrons scattered at high angles.

In the low resolution simulation approach[3] the
specimen is represented by an arrangement of 3D
cubes, where each cube is composed of some
atoms and described by a set of parameters, such
as its chemical composition, atomic density and
atomic number.

The probe is set to an specified position (x,y,z) and
illuminates the surface of the specimen.

The whole process consists on a sequence of
transmission-propagation of the wavefunction
across all the slices. The intensity diffused at slice z
is calculated as the weighted sum of all the n
elementary cubes bombarded by electronic probe.
This process is repeated slice by slice and the total
intensity is computed by summing up
contributions from all slices which determine the
pixel intensity at each position in the image.

This simulation process has a high computational
cost and therefore its use is limited to computer
centers with large supercomputing systems.
However, with the advent of GPUs, some tasks
may be implemented in parallel and run in usual
PCs. In this paper, we have analyzed three parallel
alternatives to the usual sequential programming
implementation.

For the first approach, all calculations are splitted
into different threads and each one is run in a
different core of the CPU. The second option is to
call high-level programming specialized functions
for GPUs. For the last approach, we do not divide
the problem in blocks, but we make use of the
philosophy of massive parallel processing present
in the GPUs architecture.

To test the algorithm, we calculated the
computational time of simulating several images at
different resolutions of bulk boron-doped carbon
(Figures 1 and 2). We can observe in figure 3 that
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the computation time is reduced exponentially
using the GPU, and specially using the CUDA
approach toolkit making possible the simulation of
an image in a reasonable time in a personal
computer without great economic effort.
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Figures

Figure 1: Bulk boron-doped carbon low resolution HAADF simulated
electron microscopy images with a resolution of 84x84 pixels and

503x503 pixels

Figure 2: Simulation of a low resolution (100px) image projections
from different angles (0°, 45° and 90°)
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Figure 3: Time in seconds for each image resolution on an Intel Xeon
CPU E5-2620 v2 with 12 cores and a NVidia Tesla K20c
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BSA Nanoparticles with
Parvifloron D for
Pancreatic Cancer

Treatment

Introduction: Pancreatic cancer is the thirteenth
most common cancer and the eighth leading cause
of cancer death worldwide. An improvement in the
outcome of patients with pancreatic cancer is
strongly dependent on the development of more
effective therapies [1]. Nanotechnology can play a
crucial role by targeting the drugs to the malignant
cells [2]. In another hand, medicinal plants, as an
example, Plectranthus species, have exhibited
cytotoxic and antiproliferative activities against
human tumor cells, like the present abietane
diterpenoid, Parvifloron D [3]. The aims of this
work were to isolate Parvifloron D from P. ecklonii
and to prepare and characterize albumin
nanoparticles using different processes. Material
& Methods: Parvifloron D was obtained by
extraction through an acetone ultrasound-assisted
method and isolated by a chromatography column
over silica gel using mixtures of increasing polarity
eluents. Albumin nanoparticles were produced
through desolvation method [4]. The formulation
was optimized using different cross-linking
processes (glutaraldehyde, glucose, glucose with
UV light and UV light), albumin concentrations (30,
50 and 150mg), cross-linking times (30min and
24h) and organic solvents (DMSO, acetone,
ethanol and hexane). Resultant particles were then
characterized in terms of stability, particle size by
photon correlation spectroscopy, zeta potential by
laser Doppler anemometry, cross-linking efficacy
by Bradford method and shape and size by atomic
force microscopy (AFM). Parvifloron D was
encapsulated in the optimized formulation and
then characterized by using the same techniques.
Encapsulation efficacy (%) was determined by
measuring the non-encapsulated drug lost in the
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supernatant (i.e., indirect quantification) by HPLC
analysis. Results & Discussion: Extraction was
carried out as previously described [5]. A yield of
28.54 g was obtained and subjected to successive
chromatographic processes and 0.882 g of
Parvifloron D was isolated (0.45% (w/w) of the dry
plant). The particle size range obtained was
between 90 and 520nm. Some agglomerates were
visible in some of the methods. All nanoparticles
showed a negative zeta potential, independently
of the different production conditions. In terms of
morphology, nanoparticles were spherical and
AFM confirmed the particle size. Different cross-
linking efficacies in the methods were observed
and ranged between 43.8% and 99.6%. Then,
Parvifloron D was encapsulated in the chosen
formulation. Particle size was around 95nm and
nanoparticles maintained a negative zeta
potential. The cross-linking efficacy was up to 85%
and the encapsulation efficacy was 91.2%.
Conclusions: This study confirms the feasibility of
producing uniform and well-defined albumin
nanoparticles, encapsulating Parvifloron D. Further
ligand-attachment onto the nanoparticle surface
and efficacy studies against tumor cells will be
performed.
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Mucoadhesive assessment of

different antifungal
nanoformulations

Introduction:

Oral candidiasis is an important opportunistic
fungal infection, and polyenes and azoles are still
the most used antifungal agents. However, most of
those treatments present a poor oral absorption.
Therefore, the major challenge is the improvement
of the absorption of the antifungal agents in oral
mucosa, and the encapsulation technology may be
considered as a possible strategy to achieve this
objective. Three types of mucoadhesive
nanoparticles (NPs) will be prepared using nystatin
(Nys) as model antifungal drug, and then drug-
loaded NPs will be included in toothpaste (TP), oral
gel (OG) and film patches or oral films (OF).
Materials and Methods:

For the development of NPs, alginate from brown
algae, acquired from Sigma-Aldrich (St. Louis, USA),
PLGA and PLA both obtained from Purac
(Gorinchem, Netherlands), were applied as
encapsulant material. The mean particle size,
polydispersity index (Pl) and zeta potential of the
NPs were measured. The interaction between
mucin and NPs was determined using a TA-XT2i
Texture Analyser [1]. The in vitro muchoadhesion
was assessed using mucus producing HT29-MTX
cells as mucosal surface in a biorelevant oral cavity
model [2].

Results and Discussion:

The nanoparticles had a size of about 300-400 nm
and a surface charge between -26.03 and -43.52
mV. Regarding the association efficiency, it
showed that these NPs systems are very successful
drug carriers since they present values of 95 +
0.41%, 71 £ 9.60% and 72 + 15.65% for PLA, PLGA
and alginate NPs, respectively. The interaction
between mucin and the formulation was more
evident in the mucoadhesive formulations loaded
with NPs, where the peak force was around 4.90,
3.43 and 2.94 Newtons for OF, OG and TP,
respectively, in comparison to the values of the

88 nanoPT2018 Lisboa

formulations without NPs (Figure 1). The mucin
interaction with Nys-loaded NPs was supported by
in vitro tests using HT29-MTX cells. Nys solution
showed an interaction with the mucosal surface
around 3.94 = 2.96% after 2 hours under HBSS
buffer flow (1.6 mL/min). For drug-loaded
formulations, this percentage increased up by a
ten-fold factor.

Conclusions:

Based on analysis of all samples, we observed that
the best formulation in terms of mucoadhesion
was the oral film loaded with PLGA NPs. This fact
was also confirmed by in vitro tests using HT29-
MTX cell as an oral cavity cell model. Further
studies will focus on in vivo experiments.
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Figure 1: In vitro detachment test of the formulations versus buffer
(unspecific adhesion-the orange columns) and mucin dispersion (the
estimated mucin interaction-yellow columns (n= 10).
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Quantification of biological events are of great Figures
importance for biomedical applications.
Electrochemical biosensors based on graphene . Graphene

materials are modern and future approaches to 005
"

healthcare diagnosis [1]. In this work, we {
propose to develop electrochemical graphene ﬁ\

biosensors using conventional glassy carbon
electrode (GCE) and industrial screen-printed
electrode (SPE) (figure 1) for DNA detection,
molecules which play key roles in the regulation
of gene expression. Cyclic voltammetry and
electrochemical impedance spectroscopy (EIS)
measurements were performed with a
potentiostat/galvanostat Autolab model Pgstat
204. The structure, chemistry and morphology
of graphene electrodes was investigated by
optical microscopy, Raman spectroscopy

/Y DNA probes

Transducer

Figure 1: Graphene-based SPE biosensor

(Renishaw Invia), and XPS (Thermoflex 1400). 30 1= T "

This study presents a comparison of various "ypttra,

graphene electrodes (multilayer graphene, "y pet®
graphene oxide, reduced graphene oxide, 1
functionalized graphene oxide) highlighting

how their structural, morphological and

chemical properties influence their ability to gg?g‘%c i
sense a DNA probe and DNA target molecules; GO+25nM DNA/GC

a key aspect for biosensor development. After gg:fﬁi?&?ﬁ}cc

DNA immobilization (probe) and hybridization - J

(target), we observed a sensitive decrease of 60 80 100

the current in cyclic voltammetry and an Z'(KQ)
increase in the charge transfer in the
impedance spectroscopy curves (figure 2). Figure 2: Nyquist plots of GO/GCE upon DNA deposition
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Abstract
References
The preparation of nanofluids is one of the most
important tasks for the stability of nanofluid, and . ; _
. . - Kremer and A. Schonhals (Springer-Verlag, Berlin,
therefore, for its electromagnetic characterization. 2003)

In the present work, the preparation of the (1 s Ccole, RH. Cole, J. Chem. Phys, 9, (1941) 341—

[1] Broadband Dielectric Spectroscopy, edited by F.

nanofluido was carried out by the two steps 352
method, using an ultrasonic homogenizer so that [3] D.W. Davidson, R.H. Cole, J. Chem. Phys., 19, (1951)
the dispersion of the nanoparticles be uniform, 1484-1491

thus avoiding the formation of aggregates. The  [4]  T.P.lglesias, G. Vildo, Jodo Reis, J. Appl. Phys, 122,
time interval to which the ultrasound is subjected (2017) 074102 N )
. iable vet to be imoroved. There are several [5] C.J.F. Bottcher, P. Bordewijk, Theory of Electric
sa Ya”a y . P o Polarization, Vol.ll., 2nd ed. (Elsevier, Amsterdam,
studies on this point, but there is still no consensus 1978).

on the subject.

The influence of the sonication time on the Figures

determination of the permittivity for the nanofluid

liquid paraffin with 0.75% (V/V) of graphene 1E+02  1FE+03 1E+04 1F+05 1FE+06 1E+07 1E+08

nanoparticles was investigated to determine the 1402 o
best time interval for the performance of 1
nanofluid. The intervals that were analyzed were w01 1 S0,
those of 40 min and 150 min. The choice of these ] °o o
two ranges is due to the previously realized UV-Vis 1400 ] °o °w
spectra. Figure 1 shows the variation of the loss = 3 e e o
factor as a function of the angular frequency for W . b I . o
150 min(o) and 40 min(e) at the temperature of 1801 4 .,
293.15K, without the contribution of electrical 3
conductivity d.c.. 1E-02
@ /rad s

The characteristic parameters of the Cole-Cole's
dielectric function™@ were determined for
nanofluid with 40 min sonication and Cole-
Davidson dielectric function for nanofluid with 150
min of sonication. HBI4] 10

Figure 1: Variation of the loss factor as a function of the angular
frequency of the nanofluid for 150 min (o) and 40 min(e).

Figure 2 shows the Argand diagram®® for a better EE ...‘
visualization of the difference in the response of C-f /
both systems to the sonication time. It is verified '

that an excess of sonication time can result in the 65

lose of the physical characteristics of the
nanofluid.
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Figure 2: Argand diagram for 150 min of sonication () and for 40 min
(--) of paraffin nanofluid with graphene.
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