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Geometry, construction and modelling for carbon nanotori

Pakhapoom Sarapat?, James M. Hill?>, Duangkamon Baowa®

lDepartment of Mathematics, Faculty of Science, Bangkok 10400 Thailand
2School of Information Technology & Mathematical Sciences, University of South Australia,
Mawson Lakes, SA, Australia
SCentre of Excellence in Mathematics, CHE, Si Ayutthaya Rd., Bangkok 10400 Thailan

Abstract

After the discovery of circular formations of single walled carbon nanotubes called fullerene crop
circles, their structure has become one of the most researched amongst carbon nanoparticles due to
their particular interesting physical properties. Several experiments and simulations have been
conducted to understand these intriguing objects, including their formation and their hidden
characteristics. It is scientifically conceivable that these crop circles, nowadays referred to as carbon
nanotori, can be formed by bending carbon nanotubes into ring shaped structures or by connecting
several sections of carbon nanotubes. Toroidal carbon nanotubes are likely to have many applications,
especially in electricity and magnetism. In this talk, we discuss their geometry, construction and
modelling and some of the existing known analytical expressions, as obtained from the Lennard-Jones
potential and the continuum approximation, for their interaction energies with other nanoparticles are
summarised.

Keywords: Carbon nanotori, Nanotechnology, Interaction energy, Lennard-Jones potential,
Continuum approximation.
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Multidimensionality of plasmonic colors.
Application to image multiplexing

Nipun Sharma?, Marie Vangheluwe?, Alice Vermeulin?, Nathalie Destouches?
1. HID Global CID, 92150 Suresnes, France

1 Univ Lyon, UJM-Saint-Etienne, CNRS, Institut d Optique Graduate School, Laboratoire Hubert
Curien UMR 5516, F-42023, Saint-Etienne, France. Email: nathalie.destouches@univ-st-etienne.fr
2HID Global CID, 92150 Suresnes, France

Abstract:

Printing multiplexed color images that can be
observed independently under white light in
specific observation conditions is of great
interest for applications to security, data storage
or design. Few articles have recently
demonstrated that dichroic plasmonic colors
could be used to produce polarization sensitive
dual-image multiplexing [1,2]. The concept can
be generalized and extended to at least three-
fold image multiplexing using both reflection
and transmission configurations. Here, a method
is proposed to implement image multiplexing
with anisotropic metallic nanoparticles that can
be produced with different technologies. The
demonstration is illustrated using a laser
scanning process, which is cost-effective, rapid
and flexible [3]. The nanocomposite film is
initially  nearly color-less with  metallic
precursors in the form of ions, atoms and small
nanoparticles (1-2 nm). A femtosecond laser
grows and shapes metallic nanoparticles at the
same time it tunes the size distribution and the
spatial distribution of these nanoparticles in the
film. The laser process results in the generation
of plasmonic nanostructured pixels where the
film birefringence and dichroism can be
controlled to produce unprecedented color
gamuts that satisfy conditions for three-fold
image multiplexing. Each nanostructured area is
characterized by a set of colors exhibited in each
selected mode. We further explain the
conditions that the color gamuts in the three
modes must fulfil to produce three-fold image
multiplexing and how such conditions can be
satisfied with plasmonic colors. Three-fold
image multiplexing (Figure 1a) is shown using
different color combinations. Such laser
processing is also applied to print dual
multiplexed color images with more freedom in
the choice of colors (Figure 1b). This
methodology could be implemented with other
technologies like electron beam lithography
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with a larger freedom on the choice of colors,
along with a higher spatial resolution, at
however higher processing cost and time.

Keywords: metallic nanoparticles, TiO2, thin
films, laser process, dichoism.

Figure 1: Three-fold image multiplexing: the
first image is observed in reflection, the next
two ones in transmission between two
polarizers; the sample is rotated in its plane to
get the second and the third images.

References:
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Scalable Synthesis of Catalytic Nanoparticles by Atomic Layer
Deposition

Xinhua Liang

Missouri University of Science and Technology, Department of Chemical and Biochemcial
Engineering, Rolla, USA

Abstract:

Heterogeneous catalysts normally consist of
small metal particles dispersed on a high surface
area porous support. Traditional methods, such
as wet-chemical processing, can produce metal
particle catalysts as small as several hanometers,
but these methods cannot precisely control the
size of the catalytic nanoparticles and disperse
them homogeneously within the porous
substrates. In addition, heterogeneous catalysts
cannot selectively convert specific molecules in
the reactant mixture to catalyze only desired
reactions. Novel approaches are required to
synthesize stable metal nanoparticles catalysts
with tightly controlled sizes to further advance
the knowledge of their unique size-dependent
catalytic behavior. Recently, atomic layer
deposition (ALD) has been used to prepare
highly  dispersed, highly active metal
nanoparticles. In this presentation, 1 will
introduce some examples of nanostructured
catalysts prepared by ALD, such as Ni
nanoparticles, Pt-Co bimetallic nanoparticles,
and CeO; doped TiO- nanoparticles.

Keywords: atomic layer deposition (ALD),
highly dispersed, bimetallic nanoparticles,
scalable synthesis, fluidized bed reactor
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Figure 1: Figure illustrating highly dispersed
Pt-Co bimetallic nanoparticles deposited on
MWCNTSs by ALD.
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SELF-SHAPING AND SELF-ASSEMBLY OF NANOMATERIALS BY EVAPORATIVE
PROCESSES

Dr. Marco Faustini

Sorbonne Université, CNRS, Collége de France, 4, Place Jussieu, Paris, France
https://www.lcmcp.cnrs.fr/sites/marco-faustini/, marco.faustini@upmc.fr

Abstract

In this talk, I will describe our initiative in
shaping inorganic and hybrid nanomaterials
(inorganic and hybrid colloids, gels and Metal-
Organic Frameworks) at multiple scales! by
evaporative approaches.  The goal is to
rationally combine the original properties of
the functional nanomaterials (composition,
confinement,  high  porosity,  sorption
selectivity, capillary condensation...)? and of
the periodic structures (light and liquid
confinement, guiding...) to achieve new
multifunctional platforms for fundamental
studies and applications in electrocatalysis,
dew engineering and sensing.

Several original strategies will be described: (i)
confined  colloidal  self-assembly  into
nanomolds,® (i) crack self-assembly of

Self-Assembly into Nanomolds

Dip-Coating

Evaporation

Reference:

1. M. Faustini; L. Nicole; E. Ruiz-Hitzky; C.
Sanchez, Advanced Functional Materials,
28, 1704158, 2018

2. R. Li; M. Boudot; C. Boissiere; D. Grosso;
M. Faustini, ACS Applied Materials &
Interfaces, 9, 14093-14102, 2017

3. O. Dalstein; D. R. Ceratti; C. Boissiére; D.
Grosso; A. Cattoni; M. Faustini, Advanced
Functional Materials, 26, 81-90, 2016

4. O. Dalstein; C. Sicard; O. Sel; H. Perrot;
C. Serre; C. Boissiere; M. Faustini,
Angewandte Chemie International Edition,
56, 14011-14015, 2017

Crack Self-Assembly

colloidal gels* and (iii) dew self-shaping and
manipulation on hybrid surfaces.> Examples of
application of these systems will be presented.
Sensing platforms (1D, 2D photonic crystals,
graded materials, diffraction gratings) based on
several nanoporous materials were developed
for the easy-detection of toxic compounds by
using a simple and accessible tool such as the
camera of a smart phone.>*® Unusual wetting
at the nanoscale and self-shaping of femtoliter
dew droplets on sol-gel hybrid surfaces will be
also described.® At last, an « unexplored » sol-
gel chemistry of noble metals (e.g.Iridium
based materials) is proposed to fabricate
hollow and ultraporous catalytic films for
Oxygen Evolution Reactions in PEM
electrolysers.’

Dew Self-Shaping Porous Metals by Sol-Gel

.

>

e

5. M. Faustini; A. Cattoni; J. Peron; C.
Boissiere; P. Ebrard; A. Malcheére; P.
Steyer; D. Grosso, ACS Nano, 12, 3243-
3252, 2018

6. M. Boudot; A. Cattoni; D. Grosso; M.
Faustini, Journal of Sol-Gel Science and
Technology, 1-10, 2016.

7. M. Faustini, M. Giraud, D. Jones, J.
Roziére, M. T. R. Porter, M. Bahri, O.
Ersen, C. Sanchez, C. Tard, J. Peron,
Advanced Energy Materials, 2019
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Fabrication of two-layer nanocomposite WC/a-C coatings by a
combination of pulsed arc evaporation and electro-spark deposition in
vacuum

Dmitry V. Shtansky,* Konstantin A. Kuptsov, Aleksander N. Sheveyko, Daria A. Sidorenko

National University of Science and Technology “MISIS”, Leninsky prospect 4, Moscow 119049,
Russia

Abstract:

New cost-efficient technology combining pulsed
arc evaporation (PAE) and electro-spark
deposition (ESD) in vacuum was developed and
implemented to coat Ti with two-layer WC/a-C
coating in a single technological run using the
same WC-6%Co electrode. A thick bottom ESD
layer (70-90 um thick) was composed of B-Ti
(~70%), B-(W,Ti)Cix and a small amount of a-
Ti. A thin upper PAE layer had two sublayers
(3.2 and 1.6 pm thick) sequentially deposited in
an Ar and C,H, atmosphere. Both sublayers had
a nanocomposite, nearly amorphous structure, in
which small disordered B-WCix crystallites
were dispersed in a-C matrix. The two-layer
PAE/ESD coating demonstrated a superior
tribological performance when compared with
its single layer counterparts: both low wear rate
(1.4x107 mm3/Nm) and coefficient of friction
(0.15-0.18) were documented. This was
provided by a combination of high toughness
and thickness of the ESD layer (which
prevented the substrate  from  plastic
deformation) and low friction coefficient of the
top PAE layer (due to its nearly amorphous
WC/a-C structure with a large amount of
graphitized carbon acting as a solid lubricant).
At the same time, it was attributed to tailored
mechanical properties of the coating system
whose hardness gradually increased from 3.6
GPa (Ti substrate) to 7 GPa (bottom of the ESD
layer), then to 13 GPa (top of the ESD layer),
and finally to 20-21 GPa (PAE coating). In-situ
mechanical TEM tests demonstrated that the
PAE/ESD interface withstood stresses as high as
560 MPa without failure, thereby indicating
high adhesion strength between the layers.

Keywords: WC/a-C coatings, pulsed arc
evaporation, electro-spark deposition, friction
and wear, in-situ mechanical test.
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Figure 1: Scheme of rotating deposition module
mounted on a 3-axis computer numerical control
unit. 1 — WC-Co electrode, 2 — substrate, 3 —
circular anode, 4 — ignition electrode, 5 — brush
assembly, 6 — electric motor, 7 — insulating
ceramics.

Figure 2: TEM micrographs of two-layer
PAE/ESD coating.
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Facile Synthesis of Lead lodide Nanostructures by Chemical,
Hydrothermal, and Microwave Techniques and their
Characterizations: A Comparative Study

S. AlFaify?", Mohd. Shkir, I.S. Yahiya' ?, V Ganesh!, Bakhtiar Ul Hag" 3

!Advanced Functional Materials & Optoelectronics Laboratory (AFMOL), Department of Physics,
Faculty of Sciences, King Khalid University, P.O. Box 9004, Abha, Saudi Arabia.
ZNano-Science & Semiconductor Labs, Department of Physics, Faculty of Education, Ain Shams
University, Roxy, 11757 Cairo, Egypt.
3Department of Physics, Faculty of Science, Universiti Teknologi Malaysia, UTM, Skudai, 81310
Johor, Malaysia.

Abstract:

Lead iodide (Pbl,) nanostructures have been
synthesized by chemical, Hydrothermal, and
Microwave irradiation techniques. SEM
analysis indicated the formation of aligned
nanocrystals and nanorods of an average
diameter between 110 nm to 400 nm. The
powder X-ray diffraction and FT-Raman
spectroscopic analysis confirm the formation of
a 2H-Pbl, polytypic predominantly. These
studies also show that there is no extra phase
due to any kind of impurity in the synthesized
nanostructures. The optical energy band gap of
nanostructures  prepared by  chemical,
hydrothermal, and microwave irradiation
methods were found to be 2.283, 2.493, 2.542
eV, respectively, as obtained from UV-VIS
absorption measurements and 2.345. 2.356,
2.375 eV, respectively, as calculated from
diffuse reflectance data. These values show a
clear increase in the band gap due to the
confinement  effects in  the  prepared
nanostructures. Photoluminescence spectra were
recorded at a fixed excitation wavelength and
show a clear blue shift in the emission peaks
which is due to the recombination of free
excitons with the band to band type transitions
and to quantum  confinement effects.
Furthermore, the dielectric study has been
performed and a good enhancement in the
dielectric constant has been observed due to the
small size of the fabricated nanostructures in
comparison to the bulk material. For a
fundamental understanding of the Pbl;
nanostructures, band structure calculations have
been carried out utilizing the full potential
linearized augmented-plus-local-orbital  (FP-
L(APW+lo)) method based on the density
functional theory. Apparently, the Pbl;
nanostructures have promising potentials for
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optoelectronic applications and as precursors in
modern perovskite solar cells.

Keywords: Pbl,, Nanostructure, Hydrothermal,
Microwave, SEM, X-ray diffraction, FT-Raman
spectroscopic analysis, Optical & Dielectric &
Photoluminescence properties, Optoelectronic &
Perovsklte solar cell applications.

Figure 1. SEM micrographs of Pbl
nanostructures prepared by co-precipitation (As-
As), hydrothermal (Bi-B;), and microwave
irradiation (C:-Cz) techniques.

References:
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detectors. Crystal Research and
Technology 42, 456-459 (2007).

2. Xiao, R., Hou, Y., Fu, Y., Peng, X., Wang,
Q., Gonzalez, E., & Yu, D. (2016).
Photocurrent mapping in single-crystal
methylammonium lead iodide perovskite
nanostructures. Nano letters, 16(12), 7710-
7717.

Page 9



Nanostructured inks based on gold nanoparticles and polyelectrolytes

N. Bridonneau,'® S. Zrig,2® F. Carn'?

L Université de Paris, Laboratoire Matiére et Systemes Complexes, Paris, France
2 Université de Paris, Laboratoire Interfaces Traitements Organisation
et DYnamigue des Systémes, Paris, France
3 Université de Paris, Labex “Science and Engineering for Advanced Materials”, Paris, France

Abstract:

Evaporating colloidal suspension leads to the
formation of a variety of solid patterns, ranging
from the concentric rings of a dried coffee drop
to the uniform deposits of solid pigments left
after paint drying. In the last decade, several
groups have shown that evaporating suspensions
of plasmonic nanoparticles is an efficient way
toward the elaboration of nanostructured
functional devices such as for instance gauge
sensors,! substrate for Surface-Enhanced Raman
Spectroscopy (SERS)? or diagnostic tools®. In
spite of these achievements, the final deposited
nanostructures are rather big (~ um) compared
to the size of the nanoparticles, restricted to a
limited number of 2D patterns, and the
interparticle distance is poorly controlled,
hindering the development of applications.

To increase the structural control at the
nanometric scale, we developed a new method
to self- assemble gold nanoparticles in bulk
(3D) before deposition on model surfaces with
controlled roughness and charge density. The
nanostructuration  relies on  electrostatic
interaction  between  negatively  charged
surfactants stabilizing the gold particles and

ammonium  functions of a polylysine-
polyethyleneglycol copolymer designed on
purpose.

This presentation will first present the different
structures (SAXS and cryo-TEM) obtained in
bulk by complexation between nanoparticles
and polymers (polyelectrolytes or grafted
polymers). Then, the correlation will be
established between these 3D structures and the
2D patterns obtained after droplet deposition
and drying as a function of the surface
characteristics (sign of surface charge and
charge density) and the speed of droplet
deposition (p-pipette or inkjet printer). These
results will be compared to those obtained with
reference individual nanoparticles.

Keywords: nanoparticle, gold, coffee ring,
complexation, ink-jet printing
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Scheme 1: Deposition of nanostructured inks
using the inkjet printing technique
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Substrate Dependent Molecular Doping of Supported Graphene
by Charge Transfer Process

A. Armano'?, G. Buscarino®?, M. Cannas?, F. M. Gelardi*, F. Giannazzo®, E. Schiliro?,
R. Lo Nigro*, and S. Agnello*?4,*
1 Universita degli Studi di Palermo, Dipartimento di Fisica e Chimica, Palermo, Italia
2 Universita degli Studi di Palermo, ATeN Center, Palermo, Italia
% Universita degli Studi di Catania, Dipartimento di Fisica e Astronomia, Catania, Italia
4 Consiglio Nazionale delle Ricerche—Istituto per la Microelettronica e Microsistemi, Catania, Italia

Abstract:

Graphene (Gr) is one of the most promising
carbon based nanomaterials for various
applications in microelectronic. In fact, thanks
to its two-dimensional structure, the Gr is
featured by excellent properties which make it a
good candidate in the development of many
nanoscale devices: radio-frequency transistors,
barristors, vertical THz transistors,
nanocomposites, and solar cells, for both rigid
or flexible systems. However, the feasibility of
these applications requires an accurate control
of Gr charge carrier properties, such as density
and charge sign. Soft thermal treatments in
molecular oxygen atmosphere have proved to be
a profitable way to pursue these aims,
preserving the quality of Gr [1-5]. By this
technique, the oxygen diffusion in the interstitial
space between graphene and substrate, allows to
induce a stable p-type doping in Gr, through the
charge balancing in a oxygen reduction reaction
(Figure 1). Herein, we report the study on the
dependence of this doping process on the use of
various oxides (SiO2, Al,O3, and HfO2) as
support for Gr made by chemical vapor
deposition. In particular, the different efficiency,
and dynamics of the doping process are
highlighted. By using Raman spectroscopy
(Figure 2), a threshold temperature for doping is
revealed, as well as a different kinetics. These
features are related to the peculiar water affinity
of substrate surface, which determines different
number of reaction sites, and thus different
maximum available doping. Moreover, the
temperature distribution of the oxygen reaction
sites is revealed, and related to the doping
kinetics. Therefore, we conducted a systematic
study of doping dependence on the features of
the grafene-substrate interstitial space. In
particular, by opportune chemical treatments,
we modulated both its dimension (changing the
Gr-substrate distance), and the hydrophilicity of
the surface.
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Keywords: graphene, carbon-based
nanomaterial, 2D nanomaterial, doping, charge
transfer, thermal treatment, Raman
spectroscopy, surface water affinity, oxygen
reduction.
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High Planarity Nitrogen-doped Grahene Synthesis from Imidazole
Ring Materials using Solution Plasma Process

Y. Muta?, N. Saito'22"

! Department of Chemical Systems Engineering, Nagoya University
?Institutes for Innovation for Future Society
3Conjoint Research Laboratory in Nagoya University, Shinshu University

“Corresponding author e-mail: hiro@sp.materials.nagoya-u.ac.jp

Abstract:

Nitrogen-doped graphene is one of the new
material that expected for use as oxgen
reduction reaction catalyst, conductive thin
film, and so on. Our research group has been
studying  about  nitrogen-doped-graphene
bottom up synthesis using solution plasma
process (SPP). However, the conventional
graphene synthesized from 6-members ring
material (pyridine, es.) had low planarity and
crystallinity. In these days, we successfully
prepare nitrogen-doped graphene with high
planarity and crystallinity from 5-members
ring material. However, the 6-members ring
synthesis from 5-members ring mechanism is
unclear. So it must be revealed for next step
study like as increasing synthesis rate, and so
on. In this research, we aimed to elucidate the
initial formation reactions from 5-members
ring molecule.

Imidazole was selected as reactant. All the
molecular structures were optimized using an
ab-inito MO calculation program: the Gaussian
09. To estimate the primary path, the transition
state of the reaction was determined by an
intrinsic reaction coordinates (IRC)
calculation. Moreover, the reaction was
discussed from the viewpoint of the variation
of standard modes.

From the result of the IRC and the vibration
calculation, the reaction proceeds with the
trend of some steps. The structure change is
shown in Figure 1. The intermolecular C-C
bonding  rotate 90 degrees and then 5-
members ring dimer structure will be
transformed to 6-members ring structure. The
modes involved in the transition state showed
the following changes. At first, the expansion
between the imidazole becomes unstable. And
next, C-N connection in the imidazole will
start to expand. After that, the C-C connection
between the imidazole will rotate.

It was suggested that the reaction proceeds by
starting expansion and contraction because of
the balance of n-conjugated state around C-N
connection collapses by obtaining a charge of
N in imidazole.

In this study, it suggested that a compound
having an imidazole ring is suitable as a
synthesis source of high planarity nitrogen-
doped graphene using solution plasma.

Keywords: solution plasma process (SPP),
nitrogen-doped-graphene, ab-inito MO
calculation

Figure 1: Imidazole 5 to 6 members ring transformation reaction
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A Novel Amino-rich Carbon Synthesis through Liquid Phase
Plasma for Efficient Heavy Metal lons Capture

M. Tipplook,* N. Saito,-234*

1 Department of Chem ical Systems Engineering, Graduate School of Engineering, Nagoya University
2 Center for Energy and Environmental Science, Shinshu University
3Japan Science and Technology Corporation (JST), Open Innovation Platform with Enterprises,
Research Institute and Academia (OPERA)
“4Japan Science and Technology Corporation (JST), Strategic International Collaborative Research
Program (SICORP)

Abstract:

Amino-modified carbons  (NHz-C)  are
promising as an adsorbent for the removal of
several pollutants such as heavy metal ions due
to their cost-effectiveness, high surface area,
and powerful complex formation with the heavy
metal ions. However, it is still a great challenge
to develop NH>-C with high amino group
loading for enhance the adsorption capasity.

In this study, a one-step synthesis of NH2-C
through discharge plasma in mixed solution of
carbon and amino precursors was investigated.
It was presented as a new synthesis route to
loading high amino-groups on the carbon
adsorbent.  Results  showed that the
characteristics of the NH»-C such as amino
group incorporation, morphology,
microstructure, and porosity could be
conveniently adjusted by the amino precursor
content. The maximum adsorption capacity was
observed to be 145.84, 127.59, 109.72, and
94.93 mg-g* for Cu?*, Pb?, Zn?*, and Cd?*,
respectively. These values were remarkably
higher than that of NH2-SWCNT, NH.-
MWCNT, NH.-activated carbon, NH,-graphene,
NHz-graphite  synthesized by a conventional
process. The adsorption mechanism was
controlled by the electrons sharing between
amino group and heavy metal ions. Besides, the
NH,-C was regenerated and found to be
applicable for reuse in five consecutive
adsorption/desorption cycles without significant
loss in adsorption capacity, making it a great
potential material towards water purification.

Keywords: solution plasma process, amino
modified carbon, adsorbent, heavy metal ions,
waste water treatment, adsorption.
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Figure 1: Schemetic illustration of the solution
plasma process setup for the synthesis of the
NH»-C.
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Unidirectional coupling of surface plasmonic waves on silver
surfaces with asymmetric nanogroove fabricated with glancing

angle deposition technique
Chong-Cin Hou, Ti-Li Lin, Hung-Chih Kan

!Department of Physics, National Chun Chen University, Chiayi, Taiwan ROC

Abstract:

We report on our results of the excitation of
surface plasmonic waves with asymmetric nano-
grooves on Ag films fabricated with electron
beam lithography and glancing angle deposition
technique. We patterned the Poly(methyl
methacrylate) (PMMA) film with nano grooves
of various widths on a indium tin oxide (ITO)
coated glass substrate. The silver film was
deposited on the smaple surface with a glancing
incident angle. This leads to the asymmetry of
the groove structure on the Ag film (Fig. 1). By
foucing a laser beam of 532 nm wavelength on
the groove we were able to excite surface
plasmonic waves on the Ag/air interface and
characterized the intensity of the surface
plasmonic waves with nearfield scanning optcal
microscopy (NSOM). We found that the
asymmetry in the intensities of the surface
plasmonic waves excited on both side of the
groove depends strongly on the width of the
groove as well as the thickness of the underline
PMMA film. Uniderectional coupling of the
surface plasmonic waves propagating on either
side of the grooves on the Ag/air interface can
be achieved with proper choice of the groove
width as well as PMMA film thickness. We
simulated the interaction between the incident
light and the groove structures with finite
difference time domain method, and analyze the
intensity of the surface plasmonic wave
intensities on the Ag/air interface. The results
of our simulation shows excellent agreement wit
the measurements. Futhermore, our simulation
also indicate the unidirectional coupling of
surface plasmonic waves with individual
asymmetric grooves are also automatically
broad band in nature.
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Keywords: Surface plamonic  waves,
unidirectional coupling, nanogroove, nearfield
scanning opical microscopy, finite difference
time domain method, FDTD.

Figure. 1 The SEM image of the top view of
the assymetric nanoslit structure fabricated wity
glacing angle incidence deposition method.
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Magneto-Electrodeposition of CoFe>.O4 and Granular Co-Cu
Nanowire Arrays
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Abstract:

In telecommunications systems, many studies
have been undertaken to integrate non recip-
rocal passive components. A self-biased
magnetic nanocomposite based on nanowire
arrays of cobalt ferrite CoFe;O4 and cobalt-
copper Co-Cu nanoparticles was elaborated by
magneto-electrodeposition ~ technique  into
nanoporous alumina membranes .

CoFe;04 and granular Co-Cu nanowire arrays
were electrochemically prepared in nanoporous
alumina membranes in the presence of external
applied magnetic field. We demonstrate that the
application of a magnetic field MF during the
synthesis of nanowires can control their
chemical and physical properties. XRD studies
have shown the presence of a polycrystalline
appearance for electrodeposited nanowires. The
morphology and the chemical composition of
CoFe;04 and Co-Cu nanowires were studied by
scanning electron microscope and energy
dispersive X-ray spectrometry (SEM / EDXS),
the results showed that the wire diameter vary
between 200 and 350 nm and that the magnetic
field changes the elemental percentages of iron,
cobalt and copper inside the membrane pores.
The AFM images show that the magneto-
electrodeposited samples have a higher surface
roughness. SQUID studies indicate that the
nanowires electrodeposited by the application of
a magnetic field have a coercive field Hc of
1300 and 700 Oe , and a squareness ratio M/Ms
of 0.31 and 0.37 for CoFe;Os and Co-Cu
nanowires, respectively.

As a consequence, the  as-prepared
nanocomposites are a promising candidates for
the future coplanar microwave circulators
operating without external magnetic field. To
work  towards  the integration and
miniaturization of circula tors, nanotechnology
can offer interesting sol-tions.
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Keywords: electrodeposition, nanowires, cobalt
ferrite, cobalt-copper,  alumina membrane,
magnetic field.
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Figure 1: SEM image for CoFe;Os nanowires
electrodeposited in AAO membrane.
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Surface functionalization of single crystal Molybdenum Disulfide:
role of of surface defectivity
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Abstract:

Possibility of cleaving Transition Metal
Dichalcogenides (TMDCs) unveiled a broad
prospect in a variety of application spanning
electronics, optoelectronics, Sensors,
piezoelectric etc. thanks to its paramount features
concluding, high charge carrier mobility and
on/off ratio, direct band gap in the form of
monolayer, as well as high chemical stability and
many others.

Attaching molecules of different functionality on
2D-TMDCs like MoS; would even increase their
capability, making them a potential candidate for
a wider range of applications.

Perfect lattice of MoS, found to be chemically
inert, reduces the possibility of formation of a
reliable bond with molecules. Pristine MoS,,
regardless of the way it has been produced,
contains different types of defects. Among those,
sulfur vacancies are the most abundant one,
found to be chemically reactive and available for
anchoring group of molecules like thiols.

In this work, we study the influence of surface
defectivity rate on functionalization efficiency of
MoS;. We have prepared samples with two
different defectivity rate by annealing single
crystal MoS; in vacuum at 300 and 500 °C.
Functionalization was achieved through dipping
the samples in ethanol containing 1 mM
Mercaptoundecyl phosphonic acid (MUPA)
molecule for 24 hours. To study the influence of
thermal treatment and chemical functionalization
on interface electronic properties and the nature
of interaction between molecule and MoS;
substrate, we have applied a variety of
characterization techniques concluding, x-
ray/ultraviolet ~ photoelectron  spectroscopy
(XPS/UPS), p-Raman and ATR-FTIR analysis.

Based on our findings, thermal treatment
introduces sulfur defects which its amount
increases by increasing the annealing
temperature. On the other hand, functionalization
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occurs filling the sulfur vacancies by thiol
anchoring group of the MUPA.. Also, it has been
found that, functionalization degree of the
sample annealed at 500 °C, increased three times
relative to its untreated counterpart, which is a
clear evidence of the influence of surface
defectivity on functionalization degree.
Keywords: MoS;, thermal treatment, sulfur
vacancies, thiol functionalization.

> [Motecute
" Loweeny | g

fen-degree

dd ddd g d d o o

4 e 'S 888688888

A
/ Functionalization

d ot g g o

|- S S S S8 6§ §-

Heat Transfer (Q)

Sulfur removal

Figure 1: Annealing the sample creates sulfur
vacancy, that are filled by MUPA molecules
through wet-chemical functionalization. The
functionalization degree is based on S2p core
level by XPS analysis.
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Electric Field Induced Template-Less Ultrafast Micro/Nano Patterning
of Polymer Thin Film
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Abstract:

Electric field induced instability at the
polymer/air or polymer/polymer interface has
been extensively studied over the decades due to
its potential application in soft lithography. So
far patterning of a polymer thin film in a well-
organised fashion following this method
requires templated electrode and is a time
consuming and costly affair. We propose a
simple ultra fast technique which gives rise to
the templateless patterning of thin viscoelastic
polymer film without any sophisticated
equipment. We used polymer — anisotropic
liguid crystal bilayer system with highly
dissimilar dielectric permittivity to induce
ultrafast destabilization of the interface. As an
experimental model system, we report Poly
dimethyl siloxane (PDMS) -5CB bilayer
sandwiched between two transparent Indium Tin
Oxide (ITO) coated glass electrodes in a parallel
plate capacitor arrangement (Figure 1a). Up on
application of the electric field, micro/nano
wells are formed randomly with local hexagonal

closed pack arrangement with specific
lengthscale (Figure 1b). This process of
instability is  Kkinetically faster  (almost

instantaneously) than that of the PDMS-Air
bilayer system. As the time scale of the
destabilization of the interface is merely of the
order of few seconds and anisotropic 5CB being
a dielectric material that exhibits electrowetting
phenomenon, the motion of 5CB-PDMS-AIr
contact line can be wused to align the
microstructure formed at the interface of the
PDMS-5CB (Figure 1c). We propose a
methodology for fast micro/nano scale ‘e-
writing’ based on the above principle. We also
demonstrated  that  well-arranged  one-
dimensional array of microwells fabricated in
this manner can be used as pixelated light
reflectors when filled with LC and can be
switched ‘off” and ‘on’ in presence or absence
of solvent vapor respectively.
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Figure 1: a) Schematic of the experimental set
up for the electric field induced patterning of
polymer thin film. b) AFM image of the
hexagonal close-packed microstructure at the
polymer surface. ¢) Electric field and dynamic
contact line (EF-DCL) induced 1D alignment of
microwells in PDMS.
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Silver/Collagen Composite Coating on Porous Titanium Oxide by
Electrochemical Deposition
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Abstract:

Endosseous implants have been shown to be an
excellent method for replacing natural teeth.
However, inflammation around the implant due
to bacterial adhesion and its subsequent
colonization at the implant site is considered a
major cause for implant failures [1]. Silver
nanoparticles have become increasingly popular
in biomedical applications due to its ability to
destroy pathogens in superior potency at lower
concentrations as compared to when bulk silver
guantities are applied [2]. Electrochemical
deposition is a high efficient process for coating
silver on Ti implants. However, the deposited
silver exhibited a dendritic structure and cannot
disperse uniformly on Ti implant, as shown in
Figure.1(a) and (c).

This study aimed to reduce the size of the
deposited silver particles and improve the
uniformity of the silver on Ti surface by adding
collagen into the electrolyte. A porous oxide was
formed on Ti by micro-arc oxidation following
by electrochemical deposition of silver in silver
and collagen containing solution. The effects of
electrochemical-deposition voltage, duration and
collagen concentration on the composition of the
coating were investigated.

Results indicated that a long deposition duration
and high voltage resulted in high amounts of
silver on the titanium oxide surface. In addition,
silver grew into a dendritic structure under long
deposition duration. Addition of collagen into
electrolyte is beneficial to uniformly disperse the
deposited silver particles by inhibited the silver
deposition rate. However, high collagen
concentration and the long deposition duration
caused silver particles to agglomerate. The
agglomerates comprised sliver and collagen
identified by x-ray diffraction spectroscopy and
Fourier-transform infrared spectrometer,
respectively. The deposited silver particles not
only covered the surface of the oxide layer but
also existed in the pores inside the oxide layer
observed by cross-sectional transmission electron
microscopy. The  silver/collagen  coating
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exhibited improved anti-microbial activity
toward gram-negative Escherichia coli than Ti
owing to the antibacterial effects of the silver
nanoparticles. The novel composite
silver/collagen coatings can potentially be used
in orthopedic and dental implants to
simultaneously improve osseointegration and
prevent post-surgical infection.

Endosseous silver

Keywords:

implants,

Figure 1 Surface morphology of (a) silver
coating and (b) silver/collagen coating on Ti. (c)
and (d) is silver element distribution image of (a)
and (b), respectively.
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Polymer nanocomposites based on 2D fillers: A challenge?
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Abstract:

The most important advantage of two-
dimensional (2D) particles as fillers is their
large surface area that enhances the interface
with the polymer. This peculiarity leads to
significant improvements in different properties
of the polymer matrix with the insertion of very
low content of particles, which may not reach
1% by masst. In the case of 2D particles, the
high dispersion degree in the polymeric matrix
by using melt mixing process might turn in a
challenge due to the need for tuning the
processing conditions for the singular shape of
2D particles. Two new strategies were used to
insert pre-exfoliated 2D material into the
polymer matrix, liquid-phase feeding (LPF), and
solid-solid deposition (SSD) (Figure 1)
Graphene (Gr), graphene oxide (GO), hBN and
MoS; were already used as 2D material and
several polymers (PS, PCL, PLA, HDPE,
LDPE, PET and PBAT) were used as matrices.
The strategy was chosen based on melting
behavior of each polymer. All 2D materials
were obtained by liquid exfoliation techniques
and previously characterized by several
techniques (Raman, AFM, TGA and XRD). The
polymer nanocomposites were characterized by
using traditional techniques (tensile mechanical
test, molecular weight, rheological
measurements and  transmission  electron
microscopy). Moreover, a technique beyond
micro and nanoscale was also used allowing the
evaluation of the nanocomposite morphology
for  millimeter  samples size  (X-ray
Microtomography). The results show that both
methods could be suitable as large-scale
manufacturing, and the process parameters must
be optimized to obtain a low level of
agglomerates (Figure 2). The methodologies
described here show indications that can be
extendable to all thermoplastic polymers and 2D
materials providing nanocomposites  with
suitable morphology to obtain singular
properties and triggering the start of the
manufacturing process on a large scale.

Keywords: 2D material, polymer
nanocomposite, manufacturing, characterization.
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Figure 1: Schematic of SSD and LPF methods,
developed  for  2D/polymer  composite

processing at a high production rate?.
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Figure 2: TEM image of PCL/GO (a) and X-
ray Microtomography of PS/GO (b).
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Construction of Functional Conical Nanopores in view of sensing
applications
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Abstract:

Alzheimer is a distressing disease, which comes
from an accumulation of protein aggregates
such as amyloid fibrils. It inflicts a lot of
pressure on both the patient and his family since
no treatment exists for now. Amyloids and how
they aggregate themselves seem to be a marker
for the predisposition of Alzheimer!. However,
there is presently no dedicated equipment able
to follow or analyze, in real time, the amyloid
fibril formation.  Single nanopore detection
technology is considered as one of the major
breakthroughs in the field of nanotechnology
over the last decades?. Indeed, the “Oxford
Nanopore” company is able now to propose
biological nanopores able to sequence DNA
molecules® with high performances. Unlike the
biological ones, solid-state nanopores present
advantages such as robustness and a diameter
modulability ranging from a few to hundred of
nm. This makes them good candidates for
detecting objects from short DNA strands to
nanoparticles*. However several factors should
be overcome to detect small proteins such as
amyloid fibril. We can cite for instance the
unspecific adsorption of proteins in the
nanopore, the nanopore lifetime, or the free
energy barrier to enter or escape the nanopore.
Here, we aim to use functionalized nanopores to
measure the state of aggregation and allow an
early medical supervision of the patient. The
nanopore surface coverage by PEG molecules
will help amyloids or other structures to enter
and diffuse inside the nanopore. The
measurement of the electrical intensity going
through this nanopore could thus be the ideal
way to quantify these amyloid translocations.
By studying the intensity variation observed
when a molecule structure translocates through
the structure, it seems possible to have a better
knowledge of what kinds of amyloid can be
found in a patient blood sample. We develop in
this  study, numerical simulations on
functionalized conical nanopores to take
advantage of the ionic current rectification
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effect. We present early work of nanofluidics
obtained by molecular dynamics simulation on
these nanocones. For this, we compare the
behaviour of water molecules and of different
ions under the presence or the absence of PEG
functions on the nanopore surface. These
preliminary results with only solvent molecules
will allow us to determine the best geometrical
functionalized nanopore to analyze the amyloid
fibrils translocation inside the nanocone.

Keywords: functionalization, conical nanopore,
molecular dynamics simulation, electrical
detection.
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Figure 1. Left
nanopore functionalized by PEG molecules.
Right : ionic currents through the nanopore
caused by Li* and CI- diffusion under different
electrical fields

. side view of the conical

References:

1. Chiti, F.; Dobson, C. M. Annu Rev
Biochem 2006, 75, 333(b) Knowles, T. P.
J.; Vendruscolo, M.; Dobson, C. M. Nat
Rev Mol Cell Bio 2014, 15, 384.

2. Lepoitevin, M.; Ma, T.; Bechelany, M.;
Janot, J. M.; Balme, S. Advances in Colloid
and Interface Science 2017(b) Wanunu, M.
Phys Life Rev 2012, 9, 125.

3. Deamer, D.; Akeson, M.; Branton, D. Nat
Biotechnol 2016, 34, 518.

4. Balme, S.; Coulon, P.-E.; Lepoitevin, M.;
Charlot, B.; Yandrapalli, N.; Favard, C.;
Muriaux, D.; Bechelany, M.; Janot, J. M.
Langmuir 2016, 32, 8916.

Page 21




Marrying Spin Crossover and Graphene Field Effect Transistors
for Novel Sensing Devices
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Abstract:

Spin crossover materials, which are well-known
molecular materials, have pronounced switching
behavior that can be induced by environmental
factors.! Combined with graphene in the form of
a gated graphene field effect transistor,? we aim
to combine these materials to produce new
structures that are useful in biosensing, for
instance as a breath analyzer to identify small
molecules.

By careful design of the hybrid structures,
graphene field effect transistors were fabricated
that could electrically detect spin switches in the
spin crossover material, while they were
physically and electrically separated from each
other (see figure 1). Further on, we produced thin
films of the spin crossover materials which were
used in device fabrication to perform biosensing
through electrical detection of induced spin
switches in presence of a variety of volatile
organic compounds. To follow up on this work,
we want to extend the set of analytes with
biologically relevant molecules using our unique
device as a sensing platform.

Keywords:
Graphene field effect transistor, spin crossover,
sensing,

contactless molecular  material

engineering
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Figure 1: Schematic representation of a
graphene field effect transistor (GFET)
constructed on a SCO microcrystal, separated by
a dielectric spacer. Spin transitions are
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monitored remotely by changes in the electronic
properties of graphene, induced by variations in
the electrostatic potential of the crystal.
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Abstract:

Carbon dots (CDs) are one of the new research
areas on carbon nanomaterial, which are
represented by carbon nanotubes (CNTs) and
graphene. The CDs have the unique optical
property due to quantum confinement effect by
their particle size. Using the fluorescence
property, the CDs can be utilized many kinds of
applications such as bio imaging, photocatalysts
and ion/molecule detection. Many researchers
have focused on the doping of hetero atom in
the CDs because the concentration and type of
hetero atom are dominant factors to control the
intensity and color of fluorescence. Solution
plasma (SP) is an unconventional synthesis
process for highly hetero-atom doped carbon
materials at  room  temperature. A
polymerization of cyclic organic monomer by
electron transfer at interface of the plasma /
liquid and their low synthesis temperature allow
to existence of the hetero atoms in the carbon
frameworks. In this study, nitrogen doped
carbon dots (NCDs) were synthesized by
solution plasma and nitro group molecules
detection by NCDs was investigated. The NCDs
were synthesized using pyridine and water
mixture by the SP. The NCDs emitted a strong
blue fluorescence (420nm) light under UV light
at 350 nm. The nitrogen concentration of NCDs
increased up to 16 at. %, as a result, the
guantum yield of NCDs increased to 43 %,
simultaneously. The fluorescence property can
be changed by Foster resonance energy transfer
(FRET) between NCDs and specific molecule.
In order to reveal molecule detection property of
NCDs, various Kkinds of nitro aromatic
compounds were used. Especially, the rapid
decreasing of intensity of fluorescence (about
4%) was observed by even 1ppb of 4-
nitrophenol (Figure 1).
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Figure 1: Fluorescence change of NCDs with
different concentration of 4-nitrophenol
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On the Study of Omni-phbicity of Doubly Reentrant 3D
Structures by Using Two-photon Polymerization
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Abstract:

Recently, scientists found that the mushroom-
like nanostructures on the springtail cuticle
show anti-penetrating [1]. This special pattern is
composed of mushroom-like nanostructure,
which can be classified as “doubly reentrant
structure” because of the negative curvature on
the overhanging part. Such structures have been
demonstrated to be effective in preventing liquid
penetration. When the liquid contacts to the
array of doubly reentrant structures, it would
wet the top surface first and start to penetrate.
The penetration of liquid would stop when the
contact frontier reaches the bottom of the
overhangs, where the surface tension point
upward. Theoretically, all kinds of liquids can
be blocked at this point if there is no other
external force. While it is difficult in
nanofabrication of the doubly reentrant
nanostructures. There were only a few groups
successfully fabricate such structure and achieve
superhydrophobic properties without further
surface chemical modification [2, 3]. Despite
using etching process and gray-tone lithography,
however, these processes were too complex, not
high flexibility and with the high cost.

In this study, we utilized two-photon
polymerization (TPP) platform developed by
ourselves. It can manufacture 3D arbitrary
nanostructures with sub-micron resolution. In
TPP, when a near-infrared femtosecond laser is
focused into the UV-curable photoresist, two-
photon absorption would take place in a focused
spot with high photon density. Through this
mask-less lithography process, we can fabricate
the structure easily, fast and have high
flexibility. Figure 1 shows the SEM and FIB
images of the doubly reentrant structure. The
water contact angle of photoresist is about 33°
when it is smooth. However, the angle increases
from 33° to more than 150° on the structured
surfaces. This result indicates that without any
further chemical modification the structures
make the surface become superhydrophobicity
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even if it is intrinsic hydrophilic material
(Figure 2).

Keywords: two-photon polymerization, omni-
phbicity, superhydrophobic, nanofabrication.

Figure 1: SEM images of the doubly reentrant
structure.

structured surface

smooth surface

Figure 2: The contact angle of (a) smooth
surface and (b) structured surface of the same
material
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Preparation and characterization of PVA nanocomposites with
bio-functionalized NDs
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Abstract:

Poly (vinyl alcohol) (PVA) has a long and
successful history of applications in the
biomedical and pharmaceutical area. At the
forefront of multidisciplinary research in
nanomedicine, carbon nanomaterials have
demonstrated unprecedented potential for a
variety of regenerative medicine applications.
Nanodiamonds (NDs) are a unique class of
carbon nanoparticles that are gaining increasing
attention to their biocompatibility, highly
functional surfaces, optical properties and
intriguing physical properties. In this work, we
have developed advanced PVA and NDs based
nanocomposite membrane in a single step using
a solution-casting method from an aqueous
medium and achieved high dispersibility of NDs
in the PVA matrix. The resulting
nanocomposites have excellent properties
derived from NDs and PVA. It has been found
that thermal and mechanical properties increase
dramatically with increasing NDs content,
suggesting a strong chemical interaction
between NDs and PVA. We assume that NDs
will be a suitable nano-filler for PVA
membranes. This work examines properties of
PVA matrix reinforced with NDs particles and
their potential application in biomedical field.

Keywords: nanodiamonds, nanocomposite,
membrane, poly(vinyl alcohol), TGA, DMA,
DSC, SAXS/WAXS, SEM
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Figure 1: Schematic illustration of the
interaction between PVA and NDs particles.
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Effects of He ion irradiation on silicon carbide nanowhiskers

E. Aradi*, J. Lewis-Fell, G. Greaves, S.E. Donnelly and J.A. Hinks

aSchool of Computing and Engineering, University of Huddersfield,
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Abstract:

Silicon carbide (SiC) is currently intended to be
used as structural confinement material in some
nuclear fusion and Generation IV fission reactor
projects. This because it possesses remarkable
high temperature strength, chemical inertness
and small neutron capture cross section that
make it promising for applications in advanced
nuclear systems such as DEMO fusion reactor
[1]. In these environments SiC will be exposed
to high level of irradiation, high temperatures
and accumulation of helium gas bubbles from
radioactive decay. Nanoporous materials have
been shown to possess high radiation tolerance
due to their large free surface that acts as a
unsaturable sink for radiation induced damage
[2]. Using in-situ transmission electron
microscopy studies, we investigate the response
of SiC nanowhiskers (NWSs) as a model system
for nanoporous SiC to radiation damage, and
compared to thin foils whuch represented bulk
SiC, with an aim of revealing its radiation
tolerance in nuclear environment. The SiC
samples were irradiated with 6 keV He at
temperatures between 100 and 1273 K and
doses up to 50 dpa. At temperatures below 250
K, the NWs amorphised at almost 10 times the
dose which the foils amorphized. At
temperatures between 250 K and 500 K, the
NWs remained crystalline and no He bubble
nucleation occurs up to the doses studied.
Between 773 and 1273 K, He bubble nucleation
occurs with the bubble density increasing with
increasing dose. In contrast to single crystalline
samples at 1273 K, no He platelets or bubble
discs were observed in the NWs with increasing
dose indicating a high radiation tolerance.
Radiation induced segregation and precipitation
was also observed to occur in the NW samples
for high temperature irradiation.
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Keywords:  silicon  carbide; irradiation;
nanoporous; nanowhiskers; radiation damage,
amorphisation, He bubbles; radiation tolerance.

Figure 1. Bright field transmission electron
microscopy images for (a) SiC NW and (b) SiC
foils irradiated with 6 keV He to 10 dpa and at
room temperature. The insets show the selected
area diffraction patterns fpr the respective
samples showing the NW being partially
amorphous while the foil was completely
amorphous.
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Similarities and differences of fractional end charges in graphene
zigzag ribbon and polyacetylene

S.-R Eric Yang

Physics Department, Korea University, Seoul, Korea

Abstract:
In polyacetylene and graphene nanoribbons a
solition with a fractional charge exists as a

domain wall connecting two different phases.

In polyacetylene a fermion mass potential in
the Dirac equation produces an excitation
gap, and a twist in this scalar potential
produces a zero energy soliton. Similarly, in
gapful graphene nanoribbons a distortion in
the chiral gauge field can produce a solitonic
domain wall between two neighboring
zigzag edges with different chiralities [1].
The existence of a soliton in polyacetylene
can lead to formation fractional charges on
the opposite ends of polyacetylene.
However, the situation is different in
graphene nanoribbons since
antiferromagnetic coupling between the
opposite zigzag edges gives rise to integer
boundary charges [2].

We show that presence of disorder in
graphene nanoribbons partly mitigates the
effect of antiferromagnetic coupling between
the opposite zigzag edges. As a consequence
of this, midgap states can have fractional
charges on the opposite zigzag edges in the
weak disorder regime [3]. The probability
density of such a state is shown in Fig.1. The
measurement of the differential conductance
in atomically precise graphene zigzag
nanoribbons [4] using a scanning tunneling
microscopy may provide rich information on
the distribution of edge charges.
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Figure 1 A midgap state with fractional
charges of 1/2 residing on the opposite
zigzag edges. Plot displays the probability
density of the midgap state as a function of
coordinate (x,y).
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The Influence of Graphene Oxide on the Epitaxial Integration of
PLD-grown SrTiOs with Si(001) substrate
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! Advanced Materials Department, Jozef Stefan Insitute, Ljubljana, Slovenia
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3 National Institute of Chemistry, Ljubljana, Slovenia
* Department for nanostructured materials, Jozef Stefan Institute, Ljubljana, Slovenia
“ Corresponding authors. Email addresses: zoran.jovanovic@ijs.si, matjaz.spreitzer@ijs.si

Abstract:

Epitaxial  integration of oxides  with
semiconductor substrates is often limited by the
lattice mismatch between the two material
systems and their dissimilar chemical properties.
However, in case of 2D materials the strict
requirements of traditional epitaxy can be
mediated by the weak van der Waals
interactions. As a results, a 2D material, such as
graphene, can allow remote epitaxial registry
with a substrate at long distances [1] or act as a
template by itself [2].

In the present work, we have investigated the
potential of graphene oxide (GO) as epitaxy-
enabling agent for the pulsed-laser deposition
(PLD) growth of strontium titanate (STO) on
Si(001) substrate. We have determined that GO
can direct the growth of STO to a smooth,
compact and pinhole-free layer, with single out-
of-plane orientation. Furthermore, our results
show that directing growth of STO on GO is
less demanding in terms on interface control and
vacuum conditions, which are important
advantages for development of large area PLD
processes.

Keywords: pulsed-laser deposition, silicon,
graphene oxide, strontium titanate, epitaxy,
oxide electronics.
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Figure 1: X-ray diffractogram of SrTiOz PLD-
grown on graphene oxide-mediated Si (001)
surface.
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Electric Conductivity in Silicone-Carbon Black nanocomposites :
percolation and Variable range hopping on a fractal

R. NEFFATIL,' J. M. C. Brokken-Zijp?

1 King Khalid University, Department of Physics, PO. Box 9032, Abha 61413, KSA
2The Dutch Polymer Institute, Technical University of Eindhoven, PO. Box 513, 5600 MB
Eindhoven, The Netherlands

Abstract:

DC conductivity, of silicone-Carbon Black (CB)
nanocomposites is measured when changing
various experimental parameters and correlated to
the fractal morphology of CB network (Figure 1a).
The influence of filler volume fraction,
temperature and electric field strength, are
discussed using percolation and variable range
hopping on a fractal as theoretical background.
One also investigates effects of curing rate and CB
content on both surface’s morphology and
conductivity (figure 1b).

The fractal aspect of CB network is studied by
optical microscopy (OM) as well as Small angle X
rays scattering (SAXS). Electric conductivity is
measured using four points setup. AFM and STM
are used to study respectively surface morphology
and conductivity.

Low percolation threshold ¢c = 0,15 % and scaling
exponent pu~2,6 of conductivity with CB volume
fraction. The later exponent is correlated to the
measured fractal dimension di=2,4. Conduction at
low temperature proceeds by mean of variable
range hopping on the CB fractal network with a
Mott’s exponent m=0,65 and temperature To = 64
K. Non-Ohmic conductivity curves at different
temperatures could be superposed into a unique
master curve and the onset field of non-linearity
Scales with temperature with a typical exponent
xt~1,2. At low curing rate, capillary forces have
time to bring down all CB particles from the
surface into the bulk whereas at fast curing rate the
roughness and conductivity of the surface remain
high.

Keywords: DC electric conductivity,
nanocomposites, percolation, Variable range
hopping, non ohmic conduction, surface

morphology , surface conductivity
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Figure 1: (a) Optical Microscope picture (X40) of
1wt% cured silicone-printex XE2 revealing the
fractal Carbon Black network. (b) AFM picture of
silicone-printex XE2 with different Carbon black
content and different curing rate (1F) 1wt%
without inhibitor. (5F) 5wt% without inhibitor
(1S) 1wt% with 0,5 wt% inhibitor (5S) 5wt% with
0,5 wt% inhibitor. Color scale is 0-60nm from
dark to clear.
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Exploring the densification behavior of iron powder admixed with
nanopowder and nanographite

Swathi K. Manchili*, Johan Wendel, Eduard Hryha, Lars Nyborg

Department of Industrial and Materials Science, Chalmers University of Technology,
Gothenburg 41956, Sweden

Abstract:

Improving the density of the press and sinter
powder metallurgy components has constantly
been pursued since it opens up the possibilities
for their adaption into new and demanding
application areas. Of the different ways to
improve the sinter density, addition of
nanopowder to the conventional micrometer
sized metal powder is considered to be an
effective solution. Nanopowder, owing to its
high surface-to-volume ratio activates the
sintering process at lower temperatures.
Therefore, blending nanopowder to typically
used micron-sized powder can contribute to a
higher sinter density. Additionally, it can be
hypothesized that the melting point could be
reduced when the particle size is reduced to
nanometer levels. Furthermore, the presence of
nanographite can also influence the sintering
process by acting as a dispersed reducing agent
and aiding the process of sintering.
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This study addresses the application of different
kinds of nanoscale constituents as additives to
conventional micron-sized iron powder. The
powder blend is subjected to press and sinter
route. The sintering phenomenon and also the
influence exerted by the nanoscale additives is
studied.

Keywords: sintering, dilatometry, electron
microscopy, press and sintering, nanopowder,
nanographite
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Investigation of Vertically-Aligned Multi-Walled Carbon Nanotubes
Bundles Mutual Coupling

L.Beccacece!?", S. Xavier!, C.Tripon-Canseliet?, Y. Oussar®
1 Thales Research and Technology, Palaiseau, France
2Sorbonne Université — Faculté des Sciences - CNRS, Paris, France
3ESPCI Paris —PSL - CNRS, Paris, France

Abstract:

Despite vertically-aligned singlewall (SW) or
multiwall (MW) CNTs technology have been
theoretically studied by the international
scientific community (e.g. [1], [2]) for antennas
application, experimental demonstration of
monopoles or dipoles based on this technology
have not been performed yet. On the other hand,
for thermal management and interconnexions,
vias fabrication [3], [4] with vertically aligned
MWCNT (VAMWCNTS) bundles settles at a
good level of mastering. In this paper, we
investigate, for the first time fabrication and
characterization of coplanar waveguide (CPW)
based RF-devices integrating two large
VAMWCNTSs bundles grown with thermally
enhanced chemical vapor deposition (TECVD)
process at 700°C, to analyse microwave signal
coupling between them. The device we present
consists in a CPW line characterized by a length
of 600um, a signal trace width of 120um,
integrating a gap of 20um at the center of the
signal line and VAMWCNTSs bundles with a
diameter of 100um and a length of 730um. The
fabricated device is depicted in Fig. 1.

After S-parameters measurements operated
between 100MHz and 25GHz with a Rhode &
Shwarz ZVA50 network analyzer we found that
thanks to the mutual coupling between the
bundles we can enhance the signal transfer, as
shown in Fig. 2. In the overall frequency band
we see an average increase of 5% in the
transmission  coefficient, brought by the
VAMWCNTS bundles.

EHT = 500KV
wicth = 1.185 mm

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

Figure 1: CPW-based device
VAMWCNTS bundles.
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Figure 2: Return Loss and Insertion LosS
comparison for the CPW-only and for the CPW
integrating the two bundles.

Keywords:  Carbon  nanotubes,  CNTSs,
MWCNTs, CNTs bundle, RF-device, mutual
coupling, CPW
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Unprecedented 1D Double Wires and 2D Mobile grids:
Co/Bipyridine coordination networks at the solid/liquid interface
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Abstract:

Series of molecules with bipyridine terminal
unit bearing a central bridge (bpy-X-bpy) can
adapt a cis-to-trans isomerization which can
generated various self-assembled architectures
and have been successfully observed by
Scanning Tunneling Microscopy(STM) at the
solid/liquid interface ¥ 2. Introduction of Co?*
ions on these assemblies generates an in situ
chemical reaction between the terminal
bipyridine groups from the ditopic ligands and
Co*" ions. Large monodomains of 1D double
wires are formed by Co?ligand coordination,
with polymer lengths of more than 150 nm. The
polymers are organized in parallel 8 nm apart,
the voids between two wires being occupied by
solvent molecules. Non-linear two dimensional
(2D) grids, showing high surface mobility, co-
exist with the wires. The wires are formed from
linear chain motifs where each cobalt center is
bonded to two bipyridines. 2D grids are
generated from a bifurcation motif where one
cobalt bonds to three bipyridines. Surface
reconstruction of the grids and of the 1D wires
were observed under the STM tip. Analysis of
these movements strongly indicates surface
reaction at the solid liquid enviroments 3.

Keywords: STM, isomerization, coordination,
ligands, Colbalt, pyridine, solid liquid interface

Figure 1: STM images showing the revolution
from bpy-X-bpy self-assemblies to Co-
bipyridine coordination polymers.
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Effect of carbon nanotubes and seawater ageing on interlaminar
fracture toughness of glass fiber/epoxy composites

C. Rubio-Gonzalez", J.A. Rodriguez-Gonzalez
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Abstract:

The ability of carbon nanotubes to improve
mechanical properties of fiber reinforced
composites has made them an excellente
candidate as nanofillers for the design and
fabrication of composite structures. However,
when composite structures are exposed to
seawater ageing, their interlaminar interfaces
can be adversaly affected due to hydrolysis,
plasticization and matrix swelling, causing
delamination when they are subjected to
impact and fracture loading conditions. Thus,
research on the interlaminar fracture toughness
of composite laminates modified with carbon
nanotubes is needed to prevent delamination
failure of composite structures especially when
they are under environmental degradation like
seawater ageing. In this regard, the present
work investigates the influence of carbon
nanotubes and seawater ageing on the mode |
and mode Il interlaminar fracture toughness of
based-prepreg glass fiber/epoxy composite
laminates. To this aim, double cantilever beam
and end notched flexure tests were conducted
to evaluate the mode | and mode Il
interlaminar fracture toughness of the glass
fiber/carbon  nanotubes/epoxy  composite
laminates with and without seawater ageing.
The first part of the investigation reports the
moisture absorption content of composite
laminates exposed to seawater ageing for 4512
h at ~70 °C. Then, the outcomes of the
interlaminar fracture tests are presented in
terms of the resistance curve of the specimens
with  and without carbon  nanotubes.
Experimental results showed the positive effect
of carbon nanotubes on the mode | and mode Il
interlaminar fracture toughness of composite
laminates compared to the neat glass
fiber/epoxy laminate. It was also found that
seawater ageing promotes a moderately
increase in the interlaminar fracture toughness
of composite laminates due to matrix
plasticization. These results were explained in
terms of the damage mechanisms and

morphology observed at the fracture surfaces
of tested specimens by scanning electron
microscopy.

Keywords: Carbon nanotubes, interlaminar
fracture toughness, seawater ageing, damage
mechanism.

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts Page 33



NanoMetrology
Session |.C:
Nanomaterials
characterization /
Modelling

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts



From the Atomic Structure to the Optoelectronic Properties
Studies of 1D and 2D Nanostructures via TEM

R. Arenalt23~
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Abstract:

The recent advances in transmission electron
microscopes (TEM) bring access to electron
probes of one angstrom within energy
resolutions of <100 meV even working at low
acceleration voltages (40-80 kV) [1-2]. These
performances offer new possibilities for probing
the optical, dielectric and electronic properties
of nanomaterials with unprecedented spatial
information, as well as for studying the atomic
configuration of nanostructures [1-15]. In this
contribution, 1 will present a selection of recent
works involving all these matters. These works
will concern the study of the atomic structure &
configuration of 1D and 2D atomically thin
nanostructures  (including  nanotubes &
graphene/graphene-like materials,
nanodiamonds in pristine and hybrid forms) as
well as the opto-electronic properties studies
carried out via EELS measurements [2-15].
These works will illustrate the excellent
capabilities offered by the use of a Cs probe-
corrected (S)TEM, combined with the use of a
monochromator, to study these properties within
a very good spatial resolution. In summary,
these studies elucidate critical questions
concerning the local chemistry and the structure
of these materials. This detailed knowledge is
essential  for  better understanding the
outstanding properties of such nano-structures.

Keywords: 1D-2D nanomaterials, transmission
electron microscopy, plasmonic nanostructures,
HR(S)TEM, EELS, electron tomography.
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Atomic Scale Imaging and Spectroscopy: insight into single atom
behaviour and collective electron motion in 1D and 2D materials
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Abstract:

In this talk the characterisation of properties of
1-D and 2-D nano-materials via transmission
electron microscopy on a highly spatially and
energy resolved scale will be presented,
covering observations on carbon nanotubes and
graphene, as well as on 2-D TMDCs which are
currently attaining great interest. It will also
touch on a more recent and increasingly
investigated, different class of 2-Ds, namely
Domain Walls in ferro-electrics.

Single atom behaviour in 1-Ds and 2-Ds,
including the determination of sites and
dynamics of individual foreign
atoms/vacancies/ad-atoms/electric dipoles will
be revealed via high angle annular dark-field
(HAADF) scanning transmission electron
microscopy. Moreover, first observations of the
behaviour of atoms introduced via ion-beam
implantation in  order to controllably
functionalise 2-D and, generally, nano-
materials, will be shown. One of the aims of ion
implantation in combination with atomic-scale
assessment of the implanted material is the
proof of concept for the fabrication of nano-
devices, e.g., single photon emitters, employing
2-Ds.

The talk will furthermore follow the
development and application of methods for
atomic-scale  bandstructure characterisation,
revealing, a.o., the local electronic structure and
energetics connected with defect states and,
especially, with collective electron (plasmon)
excitations. The use of electron energy loss
spectroscopy (EELS) in the low loss regime, in
order to determine bandstructure and, in
particular, plasmon energies, localisation and
enhancement in  specific  nano-structured
environments, will be demonstrated.

Keywords: 1-D and 2-D materials, atomic scale
transmission  electron  microscopy  and
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spectroscopy, ion implantation, sites/
constellations/ dynamics of individual atoms
and defects, electronic structure, plasmons,
nano-devices.

SRS

Figure 1: Shown on the left is an atomic
resolution HAADF image of 2-D MoS; (with
overlaid model structure representing Mo as
blue and S as yellow balls), ion-implanted with
Se. The red arrows point towards a Se atom
substituting S (1), substituting Mo (2), attached
as ad-atom (3), and a S di-vacancy (4). On the
right are four image simulations with Dr Probe,
of the respective atom constellations in the left
image.

All experimental results are supported by image
and EELS simulations and modelling, which in
turn are backed up by DFT calculations of the
nano-material’s bandstructure, supporting the
observation of the sites of atoms, their dynamics
and energetics,.

The talk will also touch on what the future will
bring in terms of observing materials behaviour
on the nano/atomic scale under environmental
conditions (in liquids and gases, under heating
and biasing), via in-situ TEM.
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Dynamic Contact Behaviours between Crystalline Nanoparticles
W. F. Sun,*" P. W. Chen,!
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Abstract:

Contact behaviours at the ultrasmall nanoscale References:

are sensitively dependent on the atomic .

arrangement a)llnd g)lay an import role in 1. Sun, W: F., (2013), The dynamic effept on
. . . mechanical contacts between nanoparticles,

engineering the mechanical, thermal or Nanoscale. 5 12658-12669

electrical conductivity properties of T '

nanodevices. However, the effect of surface
steps common in crystalline nanoparticles on the
high-speed nanoscale contact behaviours has
been rarely touched upon. In this work, high
speed contact behaviours between diamond
nanospheres including contact force, contact
radius and mean contact stress have been
studied using fully atomistic molecular
dynamics simulations. This work could
strengthen the capability of solving the
problems experienced in practical applications
where high-speed nanoparticle collisions are
involved, such as magnetron sputtering,
energetic nanoparticle’s explosion.

Keywords: contact mechanics, Hertz model,
diamond, nanoparticles, high-speed, molecular
dynamic simulation.
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Figure 1: Mean contact stress as a function of
nanoparticle’s strain obtained from the high
speed head-on normal impact between
crystalline diamond nanospheres of variuous
particle diameter ranging from 2.0 to 7.0 nm.
The initial relative impact velocity is 1500 m/s.
This work aims to explore the effect of surface
steps common in crystalline nanoparticles on the
dynamic mechanical response.
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Seeing Small: Understanding Catalyst Nanoparticles in Fuel Cells
by Advanced Electron Microscopy

Paulo J. Ferreira,%>3*

L University of Texas at Austin, Materials Science and Engineering Program, Austin, TX, USA
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Abstract:

A thorough knowledge of the atomic structure
and composition of catalyst nanoparticles is
paramount to the development of advanced
materials for proton exchange membrane fuel
cells (PEMFC), one of the most promising
energy conversion devices for automotive and
stationary applications. Pt and Pt-based alloys
nanoparticles (NPs) are currently used as the
catalyst to promote the kinetics of the hydrogen
oxidation and oxygen reduction reactions in the
anode and cathode of the fuel cell, respectively.
Yet, the durability of the catalysts remains the
main issue for their commercialization.

In this talk, the focus is to understand the
behavior of Pt and Pt-alloy NPs during the
various stages of fuel cell cycling. For this
purpose a set-up was developed to simulate the
effect of voltage cycling on the cathode side of
the fuel cell. In this set up, catalyst NPs
supported on carbon nanotubes and amorphous
carbon were deposited on a gold TEM grid
attached to a gold plate, which is used as a
working electrode in a three electrode
electrochemical cell [1,2]. The NPs were then
observed by advanced transmission electron
microscopy, before and after cycling. The
experiments show particle migration in
conjunction with carbon corrosion during the
initial cycles, whereas the appearance of single
atoms and atomic clusters on the surface of the
carbon support appear after additional voltage
cycling as a result of surface dissolution of NPs.
For the case of alloyed NPs, the experiments
show a heterogeneous deposition of Pt on the
NPs.

Keywords: Catalysts, Nanoparticles, Proton
Exchange Membrane Fuel Cells, Aberration-
corrected TEM/STEM, Tomography, Identical
Location TEM.
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Figure 1: Appearance of single atoms and
atomic clusters on the carbon support after
voltage cycling, b) Deposition of a single
atom on the surface of a nanoparticle.
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Modelling Graphene Wrinkles Formation on Metal Substrate in
CvD
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Abstract:

Chemical vapour deposition (CVD) is a popular technique for producing high-quality graphene sheets
on a substrate. However, the cooling process causes the graphene sheet to undergo a strain-induced,
out-of-plane buckling resulting in graphene wrinkles. These wrinkles often lead to undesirable effects
on the properties of the graphene sheet. In this talk, we construct a mathematical model to understand
the conformations of these wrinkles. Initially an arch-shaped wrinkle is modelled this is then
generalised to incorporate graphene self-adhesion through van der Waals interactions across the
wrinkle sides. Variational techniques are utilised to determine the lowest-energy conformation for
both models. We find these models predict lowest-energy structures similar to those seen in
experiments.

Keywords: graphene, chemical vapour deposition, wrinkels, calculus of variations, van der Waals
interactions.
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Characterization of nano-TiO in commercial sunscreens via
Inverse Supercritical Fluid Extraction and Miniaturized
Asymmetrical Flow Field-Flow Fractionation
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Abstract:

Ambiguous media coverage about the pros and
cons of “nano-enhanced” consumer products in
recent years has significantly propelled the
discussion about their safety. With this ongoing
discussion, regulatory authorities such as the
European  Commission  launched  several
regulations dealing with the declaration of
products,  which  contain  nanomaterial
ingredients. One is the “European Regulation
EC No 12232009 of 30 November 2009 on
cosmetic products, in which it is stated that “all
ingredients present in the form of nanomaterials
shall be clearly indicated in the list of
ingredients. [...] by the word ‘nano’ in
brackets” [1]. However, until now, there is still a
clear lack of analytical methodologies, which
can provide a straightforward and reliable
testing procedure for such products.

We present here a novel approach to reliably

assess the nanoparticulate content  of
commercially available sunscreens.  This
approach  encompasses a mild and

environmentally friendly removal of water and
lipophilic sunscreen ingredients via inverse
supercritical fluid extraction (inverse SFE)
followed by the determination of the size
distribution as well as the elemental
composition of the nanoparticulate content via
miniaturized Asymmetrical Flow Field-Flow
Fractionation [2] hyphenated with UV, Multi-
Angle Light Scattering and Inductively-coupled
Plasma Mass Spectrometry detection (mAF4-
UV-MALS-ICP-MS) [3,4].

This setup enables a straightforward and clear
distinction of “non-nano sunscreens” from
“nano sunscreens” with high confidence under
environmentally friendly conditions and has the
potential to be the testing procedure of choice,
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when it comes to the verification of the “nano-
labelling” of commercially available cosmetic
products.

Keywords: Field-flow fractionation, nano,
titanium dioxide, cosmetics, sample preparation,
inverse supercritical fluid extraction.

UV signal at 254 nm (arb. unit)

elution time (min)
Figure 1: Size distribution of titanium dioxide
nanoparticles in a commercial sunscreen after
inverse SFE treatment and mAF4-UV-MALS
analysis (reproduced with permission from 4.).
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Impedance Standards for Scanning Microwave Microscopy
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Abstract:

The scanning microwave microscopy (SMM) is
a still rather new member of the family of
scanning probe techniques. It has attracted
attention due to its ability to characterize various
electrical properties of samples, like dopant
density, sheet conductance and dielectric
properties. The basic working principle is to
send a microwave signal to the scanning tip,
where it is reflected depending on the sample
underneath. The material parameters at the tip-
sample contact determine the measured
reflection coefficient, Si1, in amplitude and
phase. As demonstrated recently in a report of
SMM measurements on n-doped GaAs films
[1], authors are able to extract quantitatively
carrier densities of unknown GaAs samples after
calibrating their SMM using Si1 measured on
three samples with known dopant density. The
method is based on the same principle as the
short-open-load (SOL) algorithm used for the
one-port calibration of vector network
analyzers. The same three-term error model can
be applied to the SMM [2].

Here, we present SMM  measurements
performed on gold micron-scale structures
fabricated on a free SiN membrane. To check
the SOL equivalent method, we produce four
similar structures (see Fig.1 as an example)
having different nominal sizes to obtain various
capacitances between 1-10 fF as confirmed by
our Comsol simulations. Among these four
samples, we choose randomly three devices as
known samples to calibrate our SMM and the
impedance of the remaining unknown device is
calculated and compared to its nominal value
(red diamonds in Fig.2) obtained from our
simulations. As illustrated in Fig.2, a good
agreement  between nominal values of
impedance and those obtained using the SOL
equivalent method and either raw experimental
S11 (blue crosses) or Siiz acquired from
simulations  (black circles). While all
(experimental and simulated) data plotted in
Fig.2 are only obtained at 9.41 GHz, Comsol
simulations suggest that this conclusion remains
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valid in the whole frequency range between 1-
50 GHz.

Keywords: Scanning microwave microscopy,
scanning  probe  microscopy, microwave,
impedance standards, calibration algorithm,
electrical properties, semiconductors.

Figure 1: Scanning electron microscopic image
of one capacitor. Gray and black regions are the
deposited gold film and the exposed SiN
membrane respectively. The scale bar is 4 pum.

N -0-nominal value
t lt\\\ —+-SOL using experimental data
ledr 3} |o-SOL using calculated data
L \\
S
—Se3 b
~
N
N’
£
]
SR
~¢
1e3 L L
Sample 1 Sample 2 Sample 3 Sample 4

Figure 2: Comparison between nominal values
of impedance (red diamonds) and those
obtained by applying the SOL equivalent
method to experimental Si; (blue crosses) and
to values acquired from Comsol simulation
(black circles). Here, the used frequency is 9.41
GHz.
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Abstract:

The envisioned lightweight, high strength and
enhanced durability characteristics of nanofiber-
reinforced metal-matrix nanocomposites
(MMNC) are attractive to a number of
industries such as the aerospace, automotive and
chemical industries. Carbon nanotubes (CNTS)
are a type of light and strong material and hold
promise as reinforcing fibers for disruptive
MMNC technology. The load transfer on CNT-
metal interfaces plays a critical role in achieving
the enhanced bulk mechanical properties of
CNT-reinforced MMNC. However, the
interfacial load transfer characteristics of CNT-
metal interfaces remain not well understood,
which is in part due to the technical challenges
associated with the small sizes of these
nanostructures and nano interfaces. We report
guantitative nanomechanical measurements of
the mechanical strengths of the respective
interfaces formed by individual double-walled
CNTs with aluminum (Al) and titanium (Ti).
The nanotube-metal interfacial strength is
characterised by using in situ scanning electron
microscopy hanomechanical single-nanotube
pull-out techniques, as illustrated in Figure 1.
The nanomechanical measurements reveal a
shear-lag effect in the load transfer
characteristics of the CNT-metal interfaces.
CNT is found to possess a much stronger
binding affinity with Ti as compared with Al
The study also reveals that thermal annealing
has a profound impact on the CNT-metal
interfacial strength. The research findings are
useful to better understand the reinforcing
mechanism of nanotubes and ultimately
contribute to the optimal design and
performance of nanotube-reinforced MMNC.

Keywords: interfacial  strength, carbon
nanotubes, metal matrix nanocomposites,
thermal annealing, nanomechanical testing.

Figure 1: Figure illustrating the in situ scanning
electron microscopy nanomechanical single-
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nanotube pull-out testing scheme that is
employed to measure the mechanical strength
of the nanotube-metal interface. The tested
interface is formed inside a sandwiched
metal/nanotube/metal  composite. A pre-
calibrated atomic force microscopy cantilever
that is mounted to a 3D nanomanipulator stage
acts as a force sensor.
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Nanomechanical Properties of embedded silica beads:
nanoindentation versus PFT-QNM
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Abstract:

Nanomechanical  properties are  key
parameters to understand the macroscopic
behavior and mechanical strain partitioning
of materials. Nowadays different techniques
based on the interaction between a specific
probe and the studied sample have been
developed to obtain the mechanical
properties. The widely used is the classical
depth-sensing instrumented nanoindentation
where the curve force-displacement is
recorded when a vertical rigid indenter
penetrates the material. More recently the
Peak  Force  Tapping Quantitative
Nanomechanical Mapping (PFT-QNM)12],
based on an Atomic Force Microscopy
(AFM),  provides local  mechanical
properties with a force control of the applied
force on the cantilever combined with the
spatial resolution of the AFM. In this mode,
the probe is intermittently in contact with
the sample during a short period. The
maximum applied force to the cantilever is
controlled to limit sample deformation to
few nanometers. This mode achieves to the
quantitative  nano-mechanical properties
such, deformation, adhesion and the contact
modulust®l. In this study, we propose to
analyze and compare the mechanical
properties of silica beads embedded in an
epoxy resin using instrumented
nanoindentation tests and PFT-QNM
measurements  (Figure 1.a). Used as
packaging for microelectronic devices, this
composite  material (Figure 1.b) is
investigated to reach mechanical, thermic
and electrical properties required to protect
high integrated device!*. The aim main is
take advantage of this two complementary
probe-sample techniques for obtaining
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nanomechanical properties of a material
with a relative high Young’s modulus of
72 GPa determined by nanoindentation and
the DMT (Derjagin, Muller, Toropov)
model used for the PFT-QNM (Figure
1.c.d).

Keywords: Silica, nanomechanical,

nanoindentation, AFM, PFT-QNM, Young's
modulus, hardness
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Figure 1: a) Optical view of the silica beads
embedded in the epoxy matrix b) AFM
topography, c) Contact modulus mapping and
d) Deformation signal related to the mechanical
hardness.
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Abstract:
Recent years have seen a growing interest in
carbyne, the ideal infinite linear chain based on
sp-hybridized carbon atoms. Real finite chains
of alternated single and triple bonds are called
polyynes, promising functional nanostructures
which can be used for the development of
advanced materials and devices for energy and
electronic applications [1,2].
In this work, we investigated size-selected
polyynes synthesized by pulsed laser ablation
(PLA) in water focusing on their stability in
time at different conditions.
PLA is a versatile and effective technique that
allows the production of nanostructures. In
particular, it is known that ablation of graphite
or carbon-based particles suspended in solvent
allows the formation of a series of hydrogen-
capped polyynes of different length. The laser
pulse absorbed by the target forms a plasma
plume of the ablated material. The plume
expands and cools down generating a cavitation
bubble. The liquid rapidly quenches the bubble
and favors the aggregation in nanostructures.
An open issue is the stability of these linear
carbon chains, in fact they tend to rearrange and
cross-link forming sp? bonds. In order to find
simple and scalable way to stabilize polyynes by
PLA in water we performed spectroscopic
studies of mixture and size-selected polyynes by
UV-Vis and  surface-enhanced  Raman
spectroscopy (SERS) where Ag colloids are
used as SERS-active medium. The ablation of a
graphite target was performed by a Nd:YAG
nanosecond pulsed laser at 532 nm in different
volumes of water (100 ml, 50 ml, 10 ml, 2 ml)
and the synthesized hydrogen-capped polyynes
have been studied both as a mixture and as size-
selected chains (CnH2: n=4-16) separated by
high-performance  liquid  chromatography
(HPLC).

Our mixture of hydrogen-capped polyynes
shows a strong decrease in the intensity of the
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peaks in the SERS and UV-Vis spectra already
after 1 day, in accordance with literature.
However, we have studied two stabilization
strategies, the size-selected polyynes and the
dried mixture of polyynes with Ag colloid, and
we have observed in both cases stability at least
after 2 months (see Figure 1). Finally, to find
new conditions of stability of polyynes in view
of developing novel nanomaterials we
investigate the effects of the change of the
ablation conditions such as temperature,
influence of pH and addition of metallic salts to
water.

Keywords: polyynes, pulsed laser ablation in
water, PLA, stability, UV-Vis spectra, SERS
spectra, HPLC, Ag colloids
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Figure 1: UV-Vis spectrum of size-selected
polyynes (Csg) as prepared and after 2 months; in
the inset, UV-Vis spectrum of the mixture of
polyynes as prepared and after 7 days.
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Abstract:

Nanoindentation is a well-known
characterisation technique dedicated to local
mechanical testing of materials at small scales.
In the past decades, numerous efforts have been
made to expand the capabilities of
nanoindentation  technique [1]:  real-time
electron imaging, coupling with multifunctional
characterisation ~ tools, high  temperature
measurements,...

The present submission reports the development
of a home-made multifunctional characterisation
device based on a commercial nanoindentation
head. This device combines mechanical to
electrical  characterisations, and can _be
integrated in-situ_in _a Scanning Electron

Microscope (SEM) :

> Electrical characterisations cover both
resistive and capacitive measurements.

» In-situ  SEM integration allows precise
positioning  of  nanoindentation  tests
(precision better than 100nm) as well as the
positioning of electrically-coupled
indentation maps.

Selected applications will be shown:

» Dielectric permittivity determination under
mechanical load: an experimental procedure
and a data-processing method have been set
up to quantitatively extract the dielectric
permittivity of insulating films from
capacitive-nanoindentation  (Fig.1). The
procedure eliminates the effect of the stray
capacitance which usually disturbs local
capacitance measurements by AFM.

» Leakage current through insulators under
mechanical load: Insulating films are know
to degrade when subjected to mechanical
stresses. This phenomenon is critical for
industrial ~ applications  (microelectronics,
electrotechnics,...). The present device
allows the real-time monitoring of this
insulation degradation. Leakage mechanisms
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with or without mechanical load will be
discussed.

» Multifunctional property mapping: The
combined mapping of mechanical and
electrical properties is also possible. An
illustration will be shown on a multiphase
alloy developed for its compromise between
high tensile strength and high electrical
conductivity.

A multifunctional characterisation tool will be
presented, as well as selected applications.
Prospects are  numerous capacitive-
nanoindentation can fill a gap between
guantitative characterisations at macro-scales
and relative characterisations at nanoscale;
leakage measurements under mechanical loads
should help the understanding of oxide

degradations; SEM-integration  opens to
multifunctional property mapping;...
Keywords: Multifunctional local

characterisations;  Nanoindentation;  In-situ
SEM; Dielectric permittivity; Leakage current.
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Figure 1: Local measurements of dielectric
permittivity on different silica films (compared
to macroscopic Hg-probe measurements).
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Synthesis, Characterization and Thermal Conductivity Modeling
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Abstract: In this work an easy method for
synthesizing silver (Ag) nanoparticles through
chemical route in an aqueous medium under
atmospheric condition at ambient temperature
has been developed. The synthesized
nanoparticles have been characterized with
different techniques, such as, X-ray diffraction,
Fourier transform infrared spectroscopy, field
emission scanning electron microscopy, energy
dispersive X-ray spectroscopy, high resolution
transmission electron microscopy, UV-visible
spectroscopy and dynamic light scattering
measurements. Experimental observations have
revealed the absence of any metal oxide layer
around the nanoparticles which are found to
remain stable under ambient conditions. The
nanofluids have been prepared by dispersing the
nanoparticles in water medium. The thermal
conductivity of the nanofluids with different
volume fraction loading of Ag nanoparticles has
been measured by transient hot wire method and
the results have shown an increasing trend of
enhancement in thermal conductivity with
nanoparticles concentration within low volume
fraction loading range.

A multiscale model comprising of molecular
dynamics (MD) simulations coupled with
Brownian dynamics and associated
microconvection simulation has been developed
focusing on the interfacial heat conduction from
a heat source to a nanofluid for estimating the
enhancement in thermal conductivity of the
nanofluid. The prediction of the model agrees
well with experimental data and hence, the
model can be used for thermal design of the
nanofluid.

Keywords: Ag nanoparticles, Nanofluids,
Thermal Conductivity, Stability, Multiscale
Modeling.
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Figure 1. (a) Schematic representation of a
sample nanofluid considered in the present
multiscale model, (b) Enhancement in thermal
conductivity estimated on the basis of present
multiscale model and also experimentally
obtained values for water based Ag nanofluid,
with varying volume fraction loading of
nanoparticles.
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Detection and characterization of nanoparticles via stimuli-

induced heating
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Abstract

A large variety of methods exists to analyze
engineered nanoparticles (NPs) in liquid or solid
complex environments, however, depending on
the environment the methods suffer from
limitations in complexity of sample preparation,
NP specifications or data analysis requiring
specific expertise.

For instance, fluorescent microscopy, e.g.
requires fluorescence NPs or labelling with
fluorescent dyes, which can, however, change
the properties and behavior of NPs [1]. Other
methods used to detect and quantify NPs or
analyze their size, size distribution, and
colloidal state in complex environments like
dark-field hyperspectral imaging, electron
microscopy, dynamic light scattering or
inductively coupled plasma mass or optical
emission  spectrometry  (ICP-MS/ICP-OES),
require complex and time-consuming sample
preparation, are lacking spatial information,
only analyze a small portion of the sample, or
chemically digest the NPs for their
guantification.

A number of NPs have the ability to produce
heat upon external stimulation (e.g. magnetic
NPs upon stimulation by an alternating
magnetic field) [2], plasmonic NPs (e.g. gold
(Au) NPs, silver (Ag) NPs) by absorbing and
scattering light [3], or upon other mechanisms
(e.g. carbon nanotubes) [4].

In this talk I will present a new technique based
on lock-in-thermography (LIT) to measure and
guantify the heat produced by NPs upon light
stimulation. This heat can be recorded with an
infrared camera and is processed by a specially
developed LIT algorithm to yield 2D-images for
detection of NPs and analysis of their properties
(e.g. aggregation, dissolution). The advantage of
this set-up is the fast and accurate detection of
NPs in a variety of matrices, without requiring
complicated sample preparation and a large
analysis area.

Keywords: nanoparticle analysis, nanoparticle
detection, aggregation, dissolution, detection,
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Figure 1: Figure illustrating the different
possibilities of analyzing nanoparticles with
LIT. The advantages are the rapidity of the
measurements, the large analysis area (3.5 cm?)
and the detection and analysis of nanoparticles
in solid and liquid environments without
complicated sample preparation.
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Comparison of the oxygen barrier properties of nano ZnO coated
PET and PHBHHXx packaging films via ultrasonic spray coating
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Abstract

Synthetic polymers are widely used due to their
low cost! and high performance. On the other
hand, these synthetic polymers have a negative
impact on the environment because most of them
are non-biodegradable and they can not be
decomposed by microorganisms or bacteria.
Bioplastics are more environmentally friendly due
to their biobased origins and/or biodegradability?.
However, their barrier properties are not optimal
for food packaging applications. In the past,
nanoparticles (NPs) of zinc oxide (ZnO), titanium
dioxide (TiO2) and aluminum oxide (Al,O3) have
been used in matrices of various bio(polymers)
through different processing methods such as
extrusion blow moulding?, solvent casting* etc., to
optimize the barrier properties. Wet chemical
deposition, physical vapor deposition and
chemical vapor deposition are the prominent
deposition techniques of these nanoparticles.

In this research, ultrasonic spray coating — a wet
chemical technique — has been adopted to deposit
ZnO NPs on commercial poly(ethylene
terephthalate) PET and self-made poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate)
PHBHHXx films. In order to achieve a uniform
coated layer, several experiments were performed
to optimize the ink concentration and operating
parameters of the spray coating method. An ink
with 2.5 wt.% ZnO NPs was prepared in 1 wt.%
polyvinyl alcohol (PVA), isopropanol (IPA) and
de-ionized (DI) water. Optimized parameters of
spray coating process were following: pump flow
rate (0.1 ml/min), path speed (10 mm/sec),
generator power (2.5 watts), nozzle to substrate
distance (75 mm), hot plate temperature (30 °C)
and amount of coated layers (50x). The scanning
electron microscope (SEM) results demonstrate a
uniformly deposited ZnO NPs layer on PET film
(Fig. 1) and its barrier properties e.g. oxygen
transmission rates (OTR) results show a
decreasing trend for a coated PET film as
compared to a neat PET film. For PHBHHXx
packaging film, a non-uniform coated layer of
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ZnO NPs was observed in SEM results (Fig. 2),
due to poor adhesion of ZnO NPs on its surface.
Therefore, a non significant decreasing trend is
observed for OTR results of a ZnO NPs coated
PHBHHX film.

Zn0 NPs coated layer Zn0O NPs coated layer

Fig. 1: SEM cross-sectional image of a 50-layer
ZnO NPs coated PET film

Fig. 2: SEM cross-sectional image of a 50-layer
ZnO NPs coated PHBHHX film

Keywords: Poly(ethylene terephthalate) (PET),
Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)

PHBHHXx, ultrasonic spray coating, oxygen
transmission rate.
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Resistivity of Nanometer Thick Manganite Films Under
Elastic Strain
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Abstract:

A complex study of the electron transport and
magnetic characteristics of epitaxial manganite
films Lao7BaosMnOs; (LBMO) was carried out
under conditions of the crystal structure tension
caused by a mismatch between the parameters
of the LBMO crystal and the substrate. The
epitaxial thin films with the thickness 40-100
nm were grown by Pulsed Laser Deposition at
T=700-800C in pure oxygen pressure 0.3-1
mbar. The substrates (110)NGO, (001)STO,
(001)LAO, (001) LSAT and ferroelectric
crystals (011) PMN-PT were used. By
comparison of the lattice parameter of LBMO
targets with substrate’s one the lattice
mismatches ~ were  derived [1,2]. A
nonmonotonic temperature dependence of the
resistance of a LBMO film deposited on
ferroelectric crystals PMN-PT was observed.
This feature is typical for manganites and
indicating the presence of ferromagnetism in the
system. Ferroelectric crystal PMN-PT was used
as an active substrate for application of elastic
stress to the manganite films. The strong
anisotropy of resistive parameter was observed.
Figure 1 shows the dependence of the resistance
of the LBMO film on the electric field strength
applied normally to the substrate. The resistance
was measured in two directions parallel to [001]
and [011] axes of the substrate. Hysteretic
dependence of the resistance of the LBMO film
on the piezoelectric strain of the substrates was
detected. The strongest variation of the
resistance of the film is observed in the same
area of the electric field as variation of the
mechanical deformation of the substrate [3]. It is
shown that the stabile resistive states arise as a
result of asymmetric inplane deformations of the
films.

Keywords: epitaxial manganite film, lattice
mismatche, piezoelectric deformation, resistive
states.
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Figure 1: The dependence of the resistance of
the LBMO film on the electric field strength
applied to the substrate (011)PMN-PT.
Measurements are made in two directions
parallel to [100] and [011] axes of the PMN-PT
substrate.
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Aunps-supported magnetite nanoparticles: a composite material for
catalysis and energy storage
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Abstract:

Magnetic nanomaterials have been intensively
explored  for  various  technological
applications in these last years. FesOuanps are
one of the most widely used magnetic
nanomaterials, which has inherent high
surface to volume ratio and magnetic
property™l. As well as the pristine form, they
can be used as different nanocomposites
materials including Fez04@ Aunps,
FesO.@Ptnes, and FesOs@carbon dots. The
combination of  different  nanoscale
functionalities is capable of endowing the
substrate with enhanced properties giving
great application potentials in different fields
(i.e. catalysis, environmental remediation,
sensors, energy devices, etc.)?El, In this work
a convenient method for the preparation of
Aunps Supported magnetite nanoparticles
(FesO4@Y ne-Au or Fes04-Au) was presented.
FesOunps, Obtained by co-precipitation of iron
sulphate salts in alkaline media (i.e. NH3)
were used modified with a propynylcarbamate
moiety (or pristine) and then reacted with an
aqueous solution of chloroauric acid as the
only reactant, without any need of additional
reducing and/or stabilizing agents®I®l. These
system have been used for the preparation of
electrodes for pseudocapacitors assembly
obtained by electrodeposition. Composite
materials based on Fes0.@Yne-Au (or Fes04-
Au) and polyaniline (PANI) have been growth
up on graphite foil by cycling the potential in
a 0.5 M H;SO4 + 0.1 M LiCIlOg4 solution. The
film characterization by SEM and EDS as
well as the charge-discharge test (C/D) and
impedance test (EIS) will be presented.

Keywords: Magnetite, Au nanoparticles,
Conducting  polymers,  Pseudocapacitor,
Electrodeposition.

Figure 1: Figure illustrating the composite
film used in this work and the
pseudocapacitor preparation.
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Electromagnetic Shielding Effectiveness and Dissipation of
Electrostatic Discharge of PC/ABS Filled with Nano Carbon
Black
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Abstract:

Objective of this research was to study the
electromagnetic  shielding effectiveness (SE)
and dissipation of electrostatic discharge (ESD)
of polymer blends between polycarbonate (PC)
and acrylonitrile-butadiene-styrene (ABS) filled
with carbon black powder (CBp) and carbon
black masterbatch (CBm). The mixtures of
PC/ABS/CB composites were prepared for the
injection molding to make the specimens with
thickness of 4 mm. The D-optimal mixture
design which was the constrained mixture
designs was applied with this experiment
(Figure 1). The experiments were performed
with limitation of carbon black which could not
exceeding 17 percent by weight due to the melt
flow rate of mixture. The EMI SE was measured
between the frequency ranges of 800 to 3,000
MHz according to the MIL-STD-285. The result
showed that the trend of the SE values increases
with increasing amount of the filler. The particle
sizes had little effect on the SE values due to the
mixing method. Carbon black powder which
smaller particle sizes is not dispersed well in the
plastic matrix. The SE values of PC/ABS/CBp
is close with the SE values of PC/ABS that
filled with carbon black masterbatch. The results
of the performance testing for shielding
electromagnetic waves showed that there were
limitations of these composited material
applications  because the electromagnetic
shielding effectiveness was not high enough
when compared to metal materials. The surface
resistivity of the PC/ABS/CB composites was
determined according to the ASTM D257 for
studying and dissipation the effects of
electrostatic discharge (ESD). It was found that
the surface resistivity of the plastic with no
additives was 102 Q/ square. When the amount
of fillers was increased, the trend of surface
resistivity of plastic composites decreased to the
range of 10° - 10! Q/square, which was suitable
for the application in the dissipation of
electrostatic discharge which require materials
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with a surface resistivity in the range 10* to 10!
Q/square. This plastic composite can be used in
the electronic packaging.

Keywords: PC/ABS; carbon black,
electromagnetic shielding effectiveness,
dissipation of electrostatic discharge
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Figure 1: Mixture Design.
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Role of Defects in the Sensing Mechanism of Single-Wall
Carbon Nanotube Field-Effect Transistors
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Abstract:

In nanotechnology, understanding the effect of
interfaces and defects becomes critically
important in determining a material’s properties
and device performance. It is well known that
one-dimensional and two-dimensional materials
exhibit excellent physical, electrical, thermal,
and optical properties, making them highly
desirable for a wide array of applications.
However, their low dimensionality also means
their performance can be susceptible to defects
in the material and the interfaces they form with
other device components. Carbon nanotubes are
often used in sensing applications, typically, in a
field-effect transistor configuration (CNTFET).
The interface between the contact electrode
metal and the nanotube forms a Schottky
barrier, which has an important role in
establishing both transistor and sensor
characteristics. Modifications to this interface
by the environment can modulate the barrier and
produce a change in device characterisitics.
Transistor operation may also be modified by
the presence of defects in the carbon nanotube
structure. The role of defects and the interplay
between the Schottky barrier and the defects
present in the carbon nanotube represent critical
areas of interest for CNTFET based sensors.
Therefore, the purpose of this study is to explore
how defects in single-wall carbon nanotubes can
affect the sensing mechanism of CNTFET
devices. Gas exposure measurements were
performed on near pristine (low defect)
nanotube devices and compared with induced,
highly-defective nanotube devices. By utilizing
selective passivation to isolate structural
components that contribute to the sensing
mechanism, results show that the presence of
defects, and their relative densities, has a critical
role in gas sensing performance. With only
nanotube sidewall gas interaction, the response
shows contrary behavior depending on low or
high defect densities. The presence of these
defects, or worse, inaccurately assuming their
absence in as-grown nanotubes, likely explains
why several research groups still continue to
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debate the gas sensing mechanism. These
results represent an important step toward
understanding the effect of both interfaces and
defects for carbon nanotube sensor development
and adds a critical piece of understanding
necessary for the development of future
nanoscale sensors.

Keywords: carbon nanotubes, field-effect

transistor, defects, Schottky barriers, sensing,
selective passivation
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Figure 1. Figure depicting selectively
passivated CNTFET device used for exploring
the effect of defects in carbon nanotube
structure on transistor characteristics. Individual
single-walled carbon nanotubes are fabricated
into field-effect transitors. The electrodes and
interface region are passivated using aluminum
oxide, isolating these regions from gas
molecules thereby separating the sensor
response due to the interface from that of the
nanotube channel.
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YF3:Yb3, Er** luminophore as a potential new sensor of high

pressure and high temperature
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Abstract

In recent years the measurements of the high
pressure and temperature using luminescence
properties of nano- and microcrystalline
luminophors  started to be intensively
investigated. Such materials allows contactless
sensing of pressure/temperature in applications
were it is hard or imposible to utilize commonly
used sensors, such as: high pressure chambers,
temperature  sensing of small elements,
biosensing, etc. Part of such luminescent
materials  are inorganic nano-  and
microcrystalline  luminophores doped with
lanthanide(I11) or (11) ions, such as: Sm?*, Ers*
Tm?, Eu®*, Nd*, Pr¥*, Ho*. They have good
luminescence properties, narrow emission bands
resulting from 4f-4f electron transitions, very
good chemical and physical stability, resistance
to photobleaching, thermalized levels, small
broadening of emission bands with the
temperature. Temperature or pressure can be
determined by relating its value with
luminescence parameters: luminescence
intensity ratio, band ratio, lifetimes, peak
centroid position, full width at half maximum.
New contactless sensons can be applied for
development of new materials in high
pressures/temperatures, simulations of
geological processes, temperature measurements
of small objects (e.g.: cells, nanowires).

In this work we would like to show you the
preparation  method and  spectroscopic
characterization of the YFs:Yb%, Er®
luminophore excited with IR light. We
determined the possibility of using this material
as a sensor for both temperature and pressure up
to 478 K and 8 GPa, respectively. We also
checked if it is possible to determine both
parameters at the same time. Sample was
additionaly characterized with techniques, such
as: XPRD, SEM, EDS.

Keywords: upconversion, contactless sensing,
high pressure, high temperature, luminescence,
ittrium fluoride YFs3, lanthanide.
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Multifunctional nanomodifiers of cellulose fibers based on
core/shell type structure doped with chosen Ln** ions
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Abstract:

Cellulose based composites have recently
attracted incraesing attention. A perfect example
of these composites are the cellulose fibers
modified with the use of special modifiers or
fillers. The presence of modifier particles inside
or on the surface of the fiber ensures their
unique properties. So far many different types of
modified fibers have been obtained, e.g.
antibacterial, catalytic, conductive, magnetic,
photoluminescent, thermochromic and so on.
However, the preparation of cellulose fibers
exhibiting more than one  additional
functionality is still a challenge.

We report a way of preparation of luminescent-
magnetic cellulose fibers. The fibers owe their
properties to the introduction of modifier
nanoparticles (NP). The modifier NPs were
composed of core/shell type nanostructures,
having a magnetic core covered by an inner
silica shell and an external luminescent shell,
consisted of rare earth fluorides doped with Th**
and Eu®* ions. The response to the applied
external magnetic field and the bright
multicolour luminescence is guaranteed by the
magnetite (FesO.) core and the external shell,
respectively. The fibers were produced by a
dry-wet spinning method, with the use of
N-methylmorpholine-N-oxide (NMMO) as a
direct solvent of cellulose. The synthesis of the
modifier NPs involves the deposition of
lanthanides-doped fluorides on the magnetic
core/shell surface. Magnetic, spectroscopic,
structural, morphological and surface properties
of synthesized products were investigated.

These types of luminescent-magnetic fibers are
excellent material for textile and documents
protection, because they are almost impossible
to counterfeit, and at the same time their
authenticity can easily be proven using UV light
or a magnetometer.

The work was supported by grant no.
POWR.03.02.00-00-1026/16 co-financed by the
European Union through the European Social
Fund under the Operational Program
Knowledge Education and by Polish National
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Figure 1: Photographs of luminescent-magnetic
fibers captured by a neodymium magnet, taken
in day-light (a) and under UV-light, A = 254
nm (b).
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Abstract

Two-dimensional (2D) materials are generally
referred to thin-layered materials consisting of a
single or a few layers of atoms. A typical
example is graphene, a single layer of carbon
atoms arranged in hexagonal lattice. Since the
successful isolation of graphene more than a
decade ago, there has been a new wave of
research to explore other 2D materials, such as
phosphorene,  Mxenes,  transition  metal
dichalcogenides, and borophene, to name just a
few. These materials are attractive for their
potentially diverse applications in electronics,
photonics, sensing, and energy devices due to
the unique properties of thin-layered materials
in terms of electrostatic efficiency, mechanical
strength, tunable electronic structure, optical
transparency, and sensor sensitivity.

MXenes consist of few atoms thick layers of
transition metal carbides, nitrides, or
carbonitrides. These conductive, layered
materials with tunable surface terminations have
been shown to be promising for energy storage
applications, composites, photo catalysis, water
purification, and gas sensors. In this work, we
report the characterization of mechanical
behavior of TizC,Tx (MXene) papers.
Free-standing and flexible TisC,Tx papers were
fabricated by vacuum-assisted filtration of given
volume of TisC,Tx solution via filtration
membrane. The concentration of TisC,Tx was
about 4 mg/ml, and the thickness of the TisC,Tx
paper varied from 5 um to 40 pm. X-ray
diffraction (XRD) patterns was obtained by
benchtop XRD system. A field-emission
scanning electron microscope was used to
obtain high-magnification of cross-section area
of TisC,Tx paper. A typical image of Mxene
paper is shown in Fig. 1.

The thickness and size distribution of TisCyTx
flakes was obtained by the statistical analysis of
more than 200 TisC,Ty flake samples, using an
atomic force microscope. Thermogravimetric
analysis (TGA) of a strip of TisC,Tx paper
(about 5 mg) was performed. Mechanical tests
of TisC,Tx paper was performed on a dynamic
mechanical analyzer. For quasi-static tensile,
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cyclic tensile, and creep test of TisC,Tx strips,
strain-controlled, force-controlled, and creep
mode were used respectively, with preload of
0.01N. A typical stress-strain curve is shown in
Fig. 2. The results of mechanical
characterization (tensile, cyclic, and creep) of
Mxene papers will be discussed in some detail
the presentation.

Keywords: Two-dimensional materials, Mxene,
Mechanical behavior.

Fig. 1 — microscopic image of the cross-section
of a Mxene paper.
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Fig. 2 — A typical stress-strain curve of Mxene
paper under tensile load.
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Mechanical properties and dislocation nucleation in
nanoparticles with blunt edges

Jonathan Amodeo?, Khalid Lizoul?
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Abstract

While generally renowned for their
functional properties, nanoparticles (NPs)
also exhibit  particularly  fascinating
mechanical properties such as a size-
dependent elastic regime as well as
increased yield strength and ductility. In
addition to SEM and in situ TEM tests,
atomistic simulations are extensively used
to complement experimental approaches
and successfully provide theoretical
evidences of elementary plasticity
mechanisms in nano-objects. Nevertheless,
samples designed for MD nanomechanical
simulations are regularly model-shaped.
Indeed, virtual NPs and nanowires (NW5s)
exhibit faceted flat surfaces bounded by
sharp edges and vertices  whilst
nanospheres are generally perfectly (and
symmetrically) shaped, contrary to their
more random experimental counterparts.
What are the consequences of such shape
simplifications?

Attempting to confront this fundamental
guestion, we propose here to investigate the
mechanical response and the elementary
plasticity processes of blunt NPs under
compression compared to their originally
perfectly cubic and sharp shape using a
large set of MD simulations.

The L1, NizAl crystalline structure is used
as it provides a wide selection of
dislocation-based processes but results still
apply to other crystalline structures.

While the lack of size-effect in originally
cubic-shaped NPs is confirmed, a strong
shape-effect is noticed i.e. smoothing
corners and edges leads to strengthening.
Furthermore, while the plastic deformation
of nano-objects is generally attributed to
dislocation-based processes happening
from the surface of the sample, here we
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show that homogeneous dislocation
nucleation also occurs in blunt NPs giving
a certain range of sizes, in a similar manner
to nanoindentation.

The nucleation of partial dislocation in
partial slip systems with higher Schmid
factors is also confirmed as well as their
contribution to deformation twinning.

A similar set of simulations applied to Si
NPs will also be presented.

This study emphasizes how much the
design of virtual samples is crucial to
model nano-objects mechanical properties
using MD and provides new insights on
potential incipient plasticity features at the
nano-scale.
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Effective properties of nanoparticle clusters in resonant regimes

C. Blanchard *, D. De Sousa Meneses

CNRS, CEMHTI UPR3079, Univ. Orléans, F-45071 Orléans, France

Abstract:

The general framework of this contribution
concerns the optical properties of clusters made
up of particles that are small compared to the
wavelength of the incoming light. One way to
study this problem is to employ a multipole
approach whose chief foundation is to split the
field arriving at each particle into two sources: (i)
the external incident field which must be
expanded in terms of vectors harmonics and (ii)
the scattered fields of all the other particles after
having rewritten them in terms of vector
harmonics about the origin of the current particle.
Note that the former initiates the scattering
process while the latter is usually obtained by
using the addition theorems. If the retained
number of orders N in the expansion is not
sufficient, the calculated fields may result
inaccurate and even totally wrong. Obviously N
must not be less than that necessary when
computing an individual particle. At first glance,
it might be tempting to claim that the expansion
needs a decreasing quantity of multipoles as the
particles get smaller. However, the surface-to-
surface distances between the particles is another
crucial parameter and it is known that the
required N to reach convergence increases when
the scatterers get closer [1]. While this last
statement is somewhat intuitive, a more
surprising result lies in that N must be
dramatically extended for very small particles
when the refractive index n has a large imaginary
part [2].

In this contribution, we consider clusters in
which the constitutive particles are randomly
distributed. The fraction volume is sufficient to
allow the particles to be close to one another. We
are therefore in the case previously mentioned
where the number of orders in the expansion can
be rather large. However, here, the emphasis is
put on particles with a real part of n that almost
vanishes. We show that if the imaginary part of n
is taken inside a certain range of values, sharp
resonances appear. For the sake of illustration,
we calculated in Fig. 1 the radiant power for a
simple system of 4 particles, arranged in a
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Figure 1: Scattering of 4 particles in terms of the
separation distance.

while the ratio particles’ radius to wavelength is
R/A=0.01.

We will show that the optical response of a
cluster comprising several hundreds of particles
is seriously altered in the regime where these
resonances arises, i.e., in the band ranging from
the transverse optical to the longitudinal optical
frequencies (wto and wio). Accordingly, the
effective refractive index nes of the material
notably diverges from the values predicted by the
effective medium theory such as Maxwell-
Garnett for instance. Our main objective is to
quantify this deviation after having proposed a
technique allowing the retrieval of nerand having
looked into the nature of the resonances.

Keywords: Scattering properties of
nanoparticles, effective medium theories.
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Cavitation Growth Dynamics of Pinned Surface Nanobubbles

D. Dockar,™* M. K. Borg,! J. M. Reese,*

! University of Edinburgh, Institute of Multiscale Thermofluids, Edinburgh, EH9 3JL, UK

Abstract:

Cavitation is a complex fluid phenomenon
where a bubble can spontaneously form in a
liquid in response to a local drop in pressure.
Accumulated generation and  subsequent
collapse of these cavitating bubbles can have
very destructive effects on engineering surfaces
and have long been a problem in
turbomachinery. However, being able to control
and target these collapsing bubbles at the micro
to nanoscale could have promising applications,
such as for surface cleaning, waste-water
treatment, and cancer treatment and diagnosis.
Many classical analyses of cavitation, such as
the Blake threshold and Rayleigh-Plesset
equation, assume sphericity of the nucleating
bubble!. However, approaching the nanoscale,
bubbles can be found existing stably on
hydrophobic ~ substrates.  These  surface
nanobubbles have spherical cap shapes and
grow with a constant contact radius (CCR) due
to pinning of the contact line?. These two key
details mean that the classical models often fail
to capture the behaviour of surface nanobubble
cavitation.

In this work we use high fidelity Molecular
Dynamics (MD) to investigate the cavitation
dynamics of surface nanobubbles in response to
different  environmental  pressures.  We
demonstrate that the threshold for unstable
cavitation growth can be many MPa lower for
surface nanobubbles, compared to the classical
prediction for spherical bubbles, We describe a
new model that can predict the corrected
threshold for surface nanobubbles®. We also find
that the dynamics of surface nanobubble
oscillations differ from current models, in
particular an increased resonant frequency, and
we offer possible explanations for these effects.

Keywords: cavitation, surface nanobubbles,
molecular dynamics, nanofluids, contact line,
pinning, stability, interfacial flow
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Figure 1: Molecular dynamics simulation of
surface nanobubble cavitation growth. Pressure
is controlled by vertical displacement of the top
channel wall. The patterned lower channel wall
provides contact line pinning.
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Optical properties of the polyvinyl chloride / graphene oxide
composites
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Abstract:

A new syntesis method is proposed for the
obtaining of composites based on polyvinyl
chloride (PVC) and graphene oxide (GO). In
contrast with the previous protocols [1], which
were reported to result in membranes, we
prepare PVC spheres by the interaction of the
commercial PVC grains with hexyl ethyl
cellulose (HEC) and lauroyl peroxide (LPO) at
the temperature of 60°C. The addition of GO
sheets dispersed in dimethylformamide (DMF)
at above synthesis mixture leads to the
composites of the type the PVC spheres coated
with the GO sheets, having a graphene
concentration equal to 0.5, 1, 2, 3, 4 and 5
wt.%,. Using Raman  scattering, IR
spectroscopy, photoluminescence (PL) and
scanning electron microscopy (SEM), new
optical properties of the PVC spheres covered
with the GO sheets are reported. According to
the SEM investigations, this method allows to
transform the PVC grains with the size between
75 um - 227 pm into spheres with sizes varying
from 0.7 um to 3.5 um, when the GO
concentration in the PVC/GO composite mass
increases from 0.5 to 5 wt.%. As increasing the
GO concentration in the PVC/GO composite
mass, the main changes in Raman and IR
spectra of these materials consist in: i) the
change of the ratio between the relative
intensities of the Raman lines situated in the
spectral ranges 600-750 and 2850-3000 cm?,
assigned to the vibrational modes of stretching
C-Cl and asymmetrical stretching CHs; , from
0.39 to 1.63; ii) the gradual increase in the
intensity of the D and G Raman bands of the
GO sheets; and iii) the ratio between the
absorbances of IR bands localized in the spectral
ranges 600-750 and 2750-3250 cm* is changed
from 1.28 to 0.36, when the GO concentration is
equal to 0 and 5 wt.%, respectively. These
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changes indicate the appearance of several
repeating units of the type CICH=CH-,
CH,=CCI- and/or -CH=CCI- as a result of the
partial dehydrogenation of the macromolecular
chains. A consequence of this process is the
generation of new C-OH bonds onto the GO
sheets surface. A PL band with the maximum at
325 nm is reported in the case of the PVC
spheres. In this context, a PVC PL quenching
process is demonstrated to be induced by the
increase of the GO sheets concentration in the
PVC/GO composite weight. An application of
this composite will be as flame-retardant
material for interior finishing, the transport and

clothing industry as well as construction
products
Keywords: graphene, macromolecular

compound, composites, Raman scattering, IR
spectroscopy, photoluminescence.

Figure 1: SEM images of the PVC spheres
covered with the GO sheets.
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Paradigms for the Interaction of Nanoscale Objects with
Living Organisms:

Kenneth Dawson
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e-mail: Kenneth.A.Dawson@chbni.ucd.ie

Abstract

Man-made nanostructures are of the size and
nature that they gain access to new biological
(intracellular and other) compartments, and
there are potentially endogenous energy
dependent mechansims to lead them there. We
summarise the foundations and progress to
date in this arena. In particular we clarify the
range of nanoscale (surface, shape etc) control
parameters that may determine the biological
outcomes. These consideration suggests an
enduring potential to target substances to
specific locations, for benefit of therapeutics,
and the progress to date is summarized.

In the (typical) absence of exquisite control of
the nansocale structures (and thereby
processes) in vivo, nanoscale materials are
(guided by biomolecular coronas derived from
the biological environment) incorporated and
ultimately processed within endogenous intra-,
trans- and cellular trafficking and processing
pathways. There they may persist for extended
periods of weeks, months (or longer)
potentially either leading to persistent dis-
regulation of signaling and other biological
processes, or slow degradative production of
secondary (and other downstream) metabolites
not commonly observed in other situations.
The absence of much in depth understanding
of the long term effects represents the most
obvious risk in the arena.

It is clear that new future dimensions are
opening up at the nanoscale, involving
convergent outcomes between the nanscale
structures, gene editing, and other forms of
biological intervention. These areas are in their
infancy, but one can already see many of the
key issues for the future.

As a community, and a society, our
management of these arenas was dedicated,
and sincere and quite effective, but we
confronted new questions and issues, without
the tools early on to deal with them. What we

learned from responsible management of ‘risk’
issues (in the larger sense) may be useful for
future generations of risk managers in other
arenas.
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Safety testing of manufactured nanomaterials
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Abstract:
This presentation will introduce OECD’s
programme of work on the safety of

manufactured materials, which was established
in 2006. OECD is an intergovernmental
organisation.  The programme of work is
managed by the Working Party on
Manufactured (WPMN), which includes
representatives from OECD governments
together with some non-member governments,
other international organisations, industry,
NGOs and academia. The programme works
towards globally science-based approaches to
the regulatory safety testing of nanomaterials.
A major achievement of the programme has the
OECD Recommendation on the safety testing
and assessment of manufactured nanomaterials,
which was adopted by the OECD Council in
September 2013. The OECD Council is the
governing body of OECD represented at
ambassadorial level. This Recommendation is
an OECD legal instrument, which guides the
work of OECD’s WPMN. This presentation
will go on to describe the main features of the
Recommendation. It will also note the various
regulatory tools for testing and assessment,
which have been adopted under the auspices of
the Recommendation. This will include an
overview of the efforts to adapt existing Test
Guidelines, or adopt new Test Guidelines,
relevant to nanomaterials. It will also consider
tools related to exposure assessment. A report
will also be noted, which was adopted by the
OECD Council in May 2019. It covers the
implementation of the Recommendation in
OECD members countries, (including the EU),
as well as other adherents to this legal
instrument. The presentation will focus on how
the Recommendation has assisted, and continues
to assist, in the adaption of regulatory
framework to nanomaterials.

Keywords: OECD, nanomaterials, science-
based safety assessment, test guidelines, hazard
identification, risk assessment, legal
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instruments, exposure assessment, physical-
chemical properties.
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Growth inhibition of Staphylococcus Aureus (Staph) and
Escherichia coli (E. coli) by a combined treatment of ZnO
nanoparticles and femtosecond laser light
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Abstract:

Recently, efforts have been made to create a
transparent ceramic cranial implant comprised of
nanocrystalline yttria-stabilized zirconia (nc-
YSZ) that will provide optical access to the brain.
This has been referred to as Window to the Brain
(WttB) in the literature [1]. WttB (Figure 1) will
allow the use of laser and photonic treatments
and diagnostics in areas with difficult optical
access in the brain. For example, the WttB
platform would allow for non-invasive
antibacterial treatments based on laser light. This
is important as conventional antibiotics are
prevented to reach the brain tissue due to the
blood brain barrier. Moreover, infection is still
one of the frequent cranial implant complications
[2-3]. To address potential infections in the WitB
platform, we have studied the antibacterial effect
of commercial Zinc Oxide (ZnO) nanoparticles
and femtosecond laser light on bacterial solutions
of Staphylococcus aureus (S. aureus) and
Escherichia coli (E. coli). Infrared (1030nm)
laser light was used to enhance the antibacterial
effect of ZnO nanoparticles by irradiating
bacterial solutions with low power ultrashort
laser pulses (890mW, 230fs).

In our previous study [4], we concluded that the
effect of the combination of ZnO nanoparticles
and femtosecond laser treatment had the highest
growing inhibition on Escherichia coli (E. coli)
than each alone. E. coli is one of the most
common studied bacteria, however, S. aureus is
the most common bacterium found in cranial
implant infections. In this study, we will present
the combined effect of these killing methods and
a comparison between the two bacteria strains
and to independent and sole treatments of ZnO
and femtosecond laser light.

Keywords: Transparent nanocrystalline yttria
stabilized-zirconia, Window to the Brain,
Antibacterial treatments, Staphylococcus aureus,
Escherichia coli, zinc oxide.
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Figure 1: Conceptual schematic of the Widow to
the Brain (WttB)

References:

1. Y. Damestani, C.L. Reynolds, J. Szu, M.S.
Hsu, Y. Kodera, D.K. Binder, B.H. Park, J.E.
Garay, M.P. Rao, and G.Aguilar (2013)
Transparent nanocrystalline yttria-stabilized-
zirconia calvarium prosthesis,
Nanomedicine: Nanotechnology, Biology,
and Medicine, 9, 1135-1138.

2. Joby Jaberi, Kenneth Gambrell, Paul
Tiwana, Chris Madden and Rick Finn,
(2013), Long-Term Clinical Outcome
Analysis of  Poly-Methyl-Methacrylate
Cranioplasty for Large Skull Defects, J. of
Oral and Maxillofacial Surgery, 71, e81-
e88.

3. Yasaman Damestani et al (2016), Evaluation
of laser bacterial anti-fouling of transparent
nanocrystalline  yttria-stabilized-zirconia
cranial implant, Lasers in Surgery and
Medicine, 48, 782-7809.

4. Alvarez, C., et al. (2018), Antibacterial
studies of ZnO nanoparticle coatings on
nanocrystalline  YSZ irradiated with
femtosecond laser light, Optical Imaging,
Therapeutics, and Advanced Technology in
Head  and Neck  Surgery  and
Otolaryngology, V. 10469. International
Society for Optics and Photonics.

Page 64



Strategies of biological similarity to ensure safe use of
conventional + novel nanomaterials
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Abstract:
Nanomaterials are commercialized in a various
grades that are optimised in composition, size,
shape, coating for specific applications. As the
scope of the different reporting and registration
schemes in EU countries, in the USA and
Canada includes nanoforms of widespread
materials, the need arises to evaluate if the
different grades can be grouped for risk
assessment purposes. Additionally, there is
necessity to ensure the safe use of innovative
nanomaterials early during R&D, ideally by
read-across without animal testing.

The project nanoGRAVUR (BMBF, 2015-

2018) developed a framework for grouping of

nanomaterials. Different groups may result for

each of the three distinct perspectives of

Occupational, Consumer and Environmental

safety. Each is assessed by a risk matrix that

integrates hazard and exposure indicators. The
indicators are harmonised between the three
perspectives and are based:

e tier 1 on intrinsic physical-chemical
properties (what they are) or GHS
classification of the non-nano form (human
tox, ecotox, physical hazards);

e tier 2 on extrinsic physical-chemical
properties, release from nano-enabled
products, in-vitro assays with cells (where
they go; what they do);

e tier 3 on case-specific testing, potentially in-
vivo studies to substantiate the similarity
within ~ groups or  application-specific
exposure testing

The methods developed by nanoGRAVUR fill

several gaps highlighted in the ProSafe reviews,

and are useful to implement both the ECHA
concept of nanoforms as well as the EPA
concept of discrete forms.

Case studies include families of Fe203, SiO2,

CeO2, organic pigment, ZnO, Cu, TiO2

(nano)forms. Benchmark nanomaterials and

benchmark nano-enabled products are essential

to achieve reproducible groupings across
different labs with slightly differing equipment

(e.g. for dustiness, sanding, dispersion stability,
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reactivity). Benchmark materials span the
dynamic range of each property (often about
three to five orders of magnitude), and thus help
to assess the relevance of any dissimilarity
between different nanoforms. For all properties
investigated, we derive decadic bands as
appropriate level of biological relevance, and
compare which properties are most suceptible to
different (nano)forms.

The methods and case studies are currently
further developed in the GRACIOUS H2020
project, which adds the perspective of read-
across and  introduces  purpose-specific
requirements for the level of certainty and
similarity.

Keywords: grouping, similarity, dissolution,
reactivity, transformation, dispersion stability
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Nanocrystals for Medicinal Applications
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Abstract:

Last decade has seen a flourishment in the study
of the properties of inorganic nanoparticles for
medical applications. Nanoparticles display
properties that are strongly determined by both
morphology and environment and in the
physico-chemical context where they are
immersed, therefore allowing to monitor and
manipulate  biological  states.  Inorganic
nanoparticles behave as "artificial atoms", since
their high density of electronic states -which
controls many physical properties- can be
extensively and easily tuned by adjusting
composition, size and shape and used in
biological environments. Indeed,
nanotechnology’s ability to shape matter on the
scale of molecules is opening the door to a new
generation of diagnostics, imaging agents, and
drugs for detecting and treating disease at its
earliest stages. But perhaps more important, it is
enabling researchers to combine a series of
advances, creating thus nanosized particles that
may contain drugs designed to kill tumours
together with targeting compounds designed to
home-in on malignancies, and imaging agents
designed to light up even the earliest stage of
cancers. In fact, a description of cancer in
molecular terms seems increasingly likely to
improve the ways in which human cancers are
detected, classified, monitored, and (especially)
treated, and for that, nanoparticles, which are
small and therefore allows addressing molecular
structures in an unique manner, may be
especially useful for those tasks.

One of the most fascinating effects of loading or
conjugating a nanoparticle and a drug, is how
the biodistribution of that drug is altered. By
associating the drug to the NP, its
physicochemical fate is modified, and, indeed, it
is the properties of the NP and the conjugate
what determines the fate (pharmacokinetics and
biodistribution) of the carried drug. Thus,
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nanocarriers can strongly contribute to
modifications in  pharmacokinetics  and
biodistribution, by driving the drug through
different  pathways, depending on the
physicochemical properties of the nanocarrier
(e.g., size and surface charge), which is
especially appealing in the case of very toxic
drugs.* The fate of the drug and the vehicle will
also strongly depend on the portal of entry,
either injected (intravenously, intramusculary,
peritoneal), via the gastrointestinal track, via the
respiratory system or through the skin.

It is also necessary to investigate the aspects
related to the unstable nature of NPs and their
biotransformations. In fact, while there is an
increasing body of evidence that pristine
manufactured NPs can enter and affect
organisms when dosed under standard exposure
scenarios, this evidence often lacks proper
exposure assessment in terms of rates of change
between NP states during their exposure time.
The underlying strategy is an analogue of the
integration of kinetic (what does the body do to
the drug) and dynamic (what does the drug do to
the body) concepts in pharmacology, where the
most exquisite knowledge of the interactions
between substances and the organism, down to
the genotypic variation, with a clear control of
intended and side effects exists.

Keywords: Inorganic
delivery, biodistribution,
pharmacokinetics.

nanoparticles, drug
pharmacodinamics,
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Single-molecule Protein Analysis Using Nanopores

Xiaohua Huang*, Wenxu Zhang and Sylvia Liang

Department of Bioengineering, and Materials Science and Engineering Program,
University of California at San Diego, La Jolla, California, USA 92093-0412

Abstract:

Existing technologies for protein analysis
remain very limited, or even premitive as
compared to genomic technologies. Unlike
DNA which can be easily amplified and
sequenced, proteins cannot be amplified.
Therefore, sensitive and quantitative protein
analysis rquires a technology that is capable of
direct single-molecule measurments. In theory,
the nanopore technology has such a capability.
The seminal idea of using protein nanopores for
direct sequencing of biopolymers such as DNA
and protein was conceived by George Church
and David Deamer almost three decades ago®.
Today, direct single-molecule sequencing of
long DNA molecules using nanopores has
become a reality? 3. On the other hands, protein
analysis or sequencing using nanopores is still
relatively unexplored due to some technical
limitations, in particular the inability to
consistently  translocate unfolded proteins
through nanopores, and the difficulty in the
engineering of the required nanopores and
electronic amplifiers.

Here we will present our work on a nanopore
method for direct single-molecule analysis of
proteins. We will discuss the basic theory on
protein identification wusing ionic current
blockage profiles of fully denatured proteins and
whole proteome databases. We will also present
some preliminary experimental results on the
acquisition of current blockage profiles using
solid-state nanopores and the computational
algorithms for direct single-molecule protein
identification.

Keywords: single-molecule protein analysis,

nanopore, electrophoretic transport,
nanofabrication, neural network, signature
fingerprinting, proteome database, neural

network, machine learning.

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

»
S

w
o

»
a

Current (nA)
o

|
N

o
@

0.0

50 80

Time (s)

Figure 1: Unfolding and imparting charge to
proteins for electrophoretic transport through
nanopores. Shown is the current blockage
profile of the translocation of unfolded bovine
serum albumin through a silicon nitride
nanopore with a diameter of ~3 nm and a
thickness of 10 nm. Two events are enlarged
and shown in the insets.
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Future of nanoparticles research in mosquito control with
lasers and consciousness

Soam Prakash

Quantum Biology labs, Faculty of Science, Dayalbagh Educational Institute, Dayalbagh Agra India

Abstract

Nanoparticles research for mosquito control*
has grown extensively in last 20 yrs and
different nanoparticles of different geometry
have been synthesized extensively for
controlling vectors of many diseases such as
Malaria, Dengue, Zika, Chikungunya,
Filariasis. Controlling of vectors at all places
of different climatic and geographical regions
warrant  cutting edge technology. The
synthesis of different geometries could be
achieved by integrating different wave length,
phases, colors, frequencies, intensities, The

desired results are obtained by skilling
specific characteristics like Laser,
consciousness.(Soni and

Prakash,2011,12,13,14,15,16 and Yadav and
Prakash,2018,Parisha and Prakash 2018, etc ).
We have experimented extensively on control
of mosquitoes larvae in our laboratories by
adapting various advanced technologies using
EM, X-RDs, AFMs  with  synthesized
nanoparticles and found significantly that not
only human consciousness interferes but even
laser beams when integrated do can
significantly modify the geometry of
nanoparticles viz, AuNPs, AgNPS, ZnNPS
and even some bimetallic nanoparticles like
AU-AGNPs. This indicates a grand future
design in experimentation for not only
controlling mosquitoes of different countries
and climatic regions and different species but
can enhance the synthesis and control over
manufacturing of Nanoparticles research. This
scenario** shall be discussed during the
presentation.
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New surfactants in wet ball milling and an innovative

embedding of Nanocrystals into a granulate matrix

Dr. Matthias Rischer
Director Drug Delivery & Innovation Projects, Losan Pharma GmbH, Germany

Abstract: The Nanocrystal Technology by
wet ball milling is getting more and more
interest and importance for experts in
formulation screening, tox study and
clinical trial sample supply for low soluble
API’s with a problem in bioavailability. The
reason is a fast set-up and scale-up of the
manufacturing process, the easy application
of the liquid Nanocrystal formulations in
such  studies and the  available
downprocessing possibilities to come to the
final dosage form (capsules, tablets,
stickpacks). Losan Pharma has invented in
a cooperation a new and fast screening

system for nanomilling which has
meanwhile  reached = commercialisation
(Zentrimix ~ 380R® from Hettich Labs,

Germany). In order to widen the application
of the Nanocrystal system new surfactants
with improved toxic and hemolytic
properties in comparison to the reference
sodium dodecyl sulfate (SDS) have been
used with a potent model drug substance to
evaluate their potential as stabilisers in the
Nanocrystal suspensions. As SDS is very
limited in use due to its toxicity expecially
for tox studies or parenteral applications
new surfactants need to be developed to
improve this situation. In addition a new
downprocessing approach is presented to
embed the obtained Nanocrystal
suspensions via a extrusion like process into
a granulate (with the possibility of a
continuuos granulation) and a comparison
has been made to the conventional fluid bed
spray drying process which has been
implemented before.

Keywords: Screening methods, DoE, wet ball
milling, nanocrystal suspensions, granulation,
dissolution, oversaturation
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Figure 1: Figure illustrating the efficient and
predictive nanomilling screening equipment
with a short description of its function
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Feasibility of Ultraaccurate Nanopore DNA Sequencing

Wenxu Zhang* and Xiaohua Huang

Department of Bioengineering, Program in Materials Science and Engineering ,
University of California, San Diego, La Jolla, California, USA 92093-0412

Abstract:

Three decades later after it’s conception?,
nanopore DNA sequencing has become a
reality> 3. The nanopore technology being
commercialized by  Oxford  Nanopore
Technologies Inc. offers unprecedented long
reads, high speed and throughput, the capability
to identify modified bases, portability and low
initial equipment cost. Raw sequencing
accuracy has improved dramatically and
sequencing cost is also dropping very rapidly
over the past two years. It is becoming a
competitive and go-to technology for
sequencing, in particular for de novo genome
sequencing and assembly. However, its
tremendous potential and widespread adoption
have been hindered by the relatively low
consensus accuracy that can be achieved due to
systematic sequencing errors. Most errors are
primarily deletions and insertions because of the
difficulty in precise decoding of homopolymers,
which is perhaps one of the greatest obstacles
remaining.

We will present our work on the physics of
nanopore DNA sequencing, and its limitations
and theoretical potential using computational
modeling.  First, based on experimental
sequencing data, we constructed a physical
model for nanopore DNA sequencing. We
simulated nanopore DNA sequencing using
computational modeling and finite element
methods. We developed the algorithms and
neural network-based machine learning for
sequencing decoding. We also explored the
nanopore architerture required for detecting the
transition events during the nucleotide-
tonucleotide translocation for counting of
homopolymers. Our work indicated the
feasibility of detecting such events for highly
accurate sequencing of homopolymers. We will
present our results on the maximal potential and
limitations of the current generation of nanopore
sequencing technologies, and the exciting
perspective of ultraaccurate long-read DNA
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sequencing using nanopore technologies in the
near future.

Keywords: Nanopre, DNA  sequencing,
homopolymers, neural network, machine
learning, computational modeling, simulations,
finite element methods.

Homopolymer counting and ultraaccurate DNA sequencing
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Figure 1. Resolution of homopolymers and
ultraaccurate DNA sequencing. Shown on the
top panel is the simultated current blockage
profile of the translocation of a DNA sequence.
The bottom panel shows a portion of the
decoded sequence that contains a 11-base long
poly C stretch.
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The mechanical properties of electrospun fibrinogen, blended
fibrinogen:PCL and fibrinogen:collagen nanofibers

M. Guthold,** C. C. Helms?, S. R. Baker?, J. Sigley?, E. Voyles?, S. Banerjee!, J. Sharpe!, Z. Zhang?, J.
Diaz-Silveiral, K. Bonin!

1 Wake Forest University, Department of Physics, Winston-Salem, NC 27109, USA
2 University of Richmond, Department of Physics, Richmond, VA 23173, USA
3 University of Leeds, Leeds Institute of Cardiovascular & Metabolic Medicine, Leeds, LS2 9NL,
United Kingdom

Abstract:

Background. Fibrinogen, collagen and poly-¢-
caprolactone (PCL) are suitable, non-
immunogenic and widely available materials to
form cell scaffolds for biomedical and tissue
engineering applications. Fibrinogen forms the
provisional matrix in wound healing, collagen is
a key protein of the extracellular matrix, and
PCL is an approved biocompatible and
biodegradable polyester. Cells are sensitive to
the biochemical, structural and mechanical
properties of the substrates they are grown on.
Having a suite of different, mechanically well-
characterized, biocompatible materials would
accelerate progress in tissue engineering.
Objective. Create nanofibers that have similar
dimensions to the fibers of the extracellular
matrix, and determine their mechanical
properties.

Methods. Fibers with diameters on the order of
hundred nanometers were electrospun from
fibrinogen, collagen and PCL, and blended
fibrinogen:collagen and fibrinogen:PCL. The
mechanical properties of these fibers were tested
with an atomic force microscopy (AFM)-based
technique.

Results. Fibers spun from different materials
displayed a wide range of mechanical
properties, providing a range of options for
different bioengineering applications.
Highlights include: Pure fibrinogen and
collagen fibers mimic the properties of their
natural counterparts (fibrin and collagen fibers);
electrospun fibrinogen fibers are significantly
softer, more extensible and more elastic than
electrospun collagen fibers. PCL fibers show
similar properties as fibrinogen fibers. Blended
fibrinogen:collagen fibers are more extensible
than either fibrinogen or collagen fibers. PCL
blended fibers show large, plastic (permanent)
deformations and extreme strain softening.
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Conclusions.  Significant progress has been
made in creating a library of nanofibers, made
from biocompatible materials fibrinogen,
collagen and PCL, and determining their
mechanical properties.

Keywords: nanofibers, fibrin fibers, electrospun
fibers, fibrinogen, collagen, polycaprolactone
AFM lateral force measurments, mechanical
characterization
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Figure 1. Combined AFM/optical microscope
set-up to determine the mechanical properties of
nanofibers.
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Charged polysaccharide multilayers as protein-repellent coatings
for medical implant materials

Matej Bracic!, Tamilselvan Mohan!,Rupert Kargl*?, Karin Stana-Kleinschek!?

! Laboratory for Characterization and Processing of Polymers (LCPP), Faculty of Mechanical
Engineering, University of Maribor, Maribor, Slovenia.
2 Institute for Chemistry and Technology of Materials (ICTM), Graz University of Technology,
Stremayrgasse 9, 8010 Graz, Austria.

Abstract:

The biofilm formation triggered by uncontrolled
protein adsorption, on small-diameter vascular
graft implants is one of the leading cause of
infections during implantation. Herein, we
report of polysaccharide based nano-coatings as
protein-repellent coatings to tackle this
challenge. A simple layer-by-layer strategy to
functionalize surfaces of poly(caprolactone)
(PCL) with antifouling multilayers
manufactured from the positively charged
aminocellulose and the negatively charged
cellulose sulphate was employed successfully.
The multilayers formed coatings of up-to 20
pg/cm2. The zwitterionic nature of the coatings
has shown to repel bovine serum albumin
(BSA), y-globulin, and fibrinogen proteins, as
shown by means of a quartz crystal
microbalance.

Given the multiple functionalities and different
physiochemical properties of polysaccharide-
based multilayer coatings, this system showed
to be easily extended to various material
surfaces, thereby broadening its potential
applicability also in microfluidics, diagnostic
biosensors and others.

Keywords: aminocellulose, cellulose sulphate,
polysaccharide multilayers, protein-repellent,
guartz crystal microbalance
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Figure 1: A scheme of protein-repellent
charged-polysaccharide multilayers on a PCL
surface.
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Graphene-Based Coatings for Inhibiting Bacterial Growth
in Hospital Environment

I. Bellagamba,** H.C. Bidsorkhi,»* E. Bruni,>* D. Cavallini,>* M. Saccucci,® A. Polimeni,?
D. Uccelletti,>* M.S. Sarto,“*
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Abstract:

The proliferation of antibiotic-resistant bacteria
represents a considerable problem that affect
hospital ~environments. This increases the
occurrence of major infections for patients during
their hospitalization. One of the possible ways of
pathogen infections is the direct contact of the
patient’s body with high-touch surfaces and
instruments. In this context, the wuse of
nanomaterials for bactericidal surface treatments
[1] may represent an innovative solution. Recent
scientific breakthroughs have demonstrated that
graphene-based  nanomaterials  show  great
antimicrobial properties [2, 3], without exerting
relevant cytotoxic effect on human cell lines [4, 5].
In this work, three different graphene-based
coatings have been evaluated for inhibiting
bacterial growth on surfaces. In particular, we
assessed the bacterial growth inhibition due to
graphene nanoplatelets (GNPs, Fig.1a), zinc-oxide
nanorods (Fig.1b) sprayed on GNPs coatings (ZnO-
GNP) and zinc-oxide-decorated GNPs (ZNGs,
Fig.1c), on either metallic (Fig.1d), plastic or
polymer-texture substrates. The suspensions have
been applied by the spray deposition method. The
main  antimicrobial mechanism  of these
nanostructures is based on membrane punctuation.
This mechanical damage is a characteristic
behavior of GNPs, ZnO-NRs and, in particular, of
ZNGs [1, 3]. The antimicrobial activity of the
coatings has been evaluated on Gram-positive
(Staphylococcus aureus) and Gram-negative
(Pseudomonas aeruginosa) bacteria, which are the
main pathogens associated with nosocomial
infections. Results obtained from the colony
forming units count (CFU) method show that all the
coatings have a good antibacterial behaviour. As an
example, we report (Fig.1e) the survival curve of S.
aureus after the different coating deposition on
metallic surface.

Keywords: graphene-based coatings, bactericidal
properties, bacterial inhibition, graphene nano-
platelets, zinc-oxide nanorods.

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

/

Figure 1: SEM imaging of (a) graphene nanoplatelets
(GNPs), (b) zinc-oxide nanorods (ZnO-NRs), (c)
zinc-oxide-decorated GNPs (ZNGs), (d) ZNG-
coating on metallic substrate and (e) survival curve of
S. aureus deposited on metallic nosocomial surface
treated with the nanostructures.
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Interaction of Telomeric DNA i-motif with Carbon Nanotubes. A
Molecular Dynamics Analysis of the Structure and Stability

T. Panczyk,t" P. Wolski,! P. Wojton!

1 Jerzy Haber Institute of Catalysis and Surface Chemistry
Polish Academy of Sciences, Krakow, Poland

Abstract:

Non canonical DNA structures like i-motifs and
G-quadruplexes play important role as
regulatory elements for replication and
transcription processes and in the development
of cancer. Their appearance and stabilization in
response to presence of some ligands is an
important topic in the design of novel anicancer
drugs. It was found [1] that carboxylated carbon
nanotubes are unique ligand which can
selectively stabilize i-motifs at neutral pH.

This work deals with the analysis of the
protonated and deprotonated states of the natural
sequence d[(CCCTAA)sCCCTAA] of the
telomeric DNA forming the intercalated i-motif.
The i-motif is analyzed as an isolated structure
or paired with the complementary sequence
d[TTAGGG(TTAGGG)3] which, in turn, forms
the G-quadruplex structure.

We found that hydrogen bonds exist in the case
of protonated i-motif and this form is
thermodynamically the most stable. The
hydrogen bonds, however, vanish in the case of
unprotonated i-motif and we found that i-motif
in such a case deteriorates spontaneously
towards hairpin or random coil structures. [2]
Thus, the isolated i-motif at the neutral pH is
thermodynamically an unstable structure. A
different situation appears when the i-motif
exists together with the complementary G-
guadruplex. Then, the overall structure becomes
very stable no matter which pH conditions are
considered. At acidic pH the stability of the
overall structure is obvious due to appearance of
hydrogen bonds within the Hoogsteen pairs in
the i-motif. However, at the neutral pH these
hydrogen bonds vanish. Nevertheless, we found
that the i-motif is still preserved and only some
weakening of the structure is observed.

Analysis of the interaction of the i-motif with
functionalized carbon nanotubes leads to the
conclusion that adsorption does not significantly
affect the stability of the i-motif structure. I-
motif binds strongly to the nanotube surface and
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move on the surface quite freely with
preferential occupation of the nanotube tips. The
protonation state affects the structure of the
adsorbed i-motif: unprotonated state tend to
deteriorate and wrap the nanotube surface while
the protonated one keeps its stiff structure intact.
Thus, the conclusion is that the observed
stabilization of the i-motif by carboxylated
nanotubes is mainly due to local reduction of pH
and transition of the i-motif from the
deprotonated to the protonated state. (This work
was supported by Polish National Science
Centre, grant 2017/27/B/ST4/00108)

Keywords: telomere, DNA, i-motif, carbon
nanotube, molecular dynamics

Figure 1: Figure illustrating the structure of the
i-motif — carbon nanotube constructs. (A)
unprotonated i-motif; (B) protonated i-motif

References:

1. Chen, Y.; Qu, K.; Zhao, C.; Wu, L.; Ren, J.;
Wang, J.; Qu, X. (2012) Insights into the
Biomedical Effects of Carboxylated Single-
Wall Carbon Nanotubes on Telomerase and
Telomeres., Nat. Commun. 3, 1074..

2. P. Wolski, K. Nieszporek, T. Panczyk
(2019), G-quadruplex and  i-motif
Structures within the Telomeric DNA
Duplex. A Molecular Dynamics Analysis of
Protonation States as Factors Affecting
their Stability, J. Phys. Chem. B., 123, 468—
479.

Page 75



Nanotech / Biotech
Session I1.B:
Nanotechnology for drug
and gene delivery

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts



Incorporation in Titanate nanotubes as a way to improve
compression properties of active pharmaceutical ingredients
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Abstract:

Titanate nanotubes (TNTs) are biocompatible
nanomaterials with a particular tubular shape
and good physicochemical stability that make
them interesting for pharmaceutical
applications. Indeed TNTs can be filled with
active pharmaceutical ingredients (APIs) and
may serve as drug carriers for therapeutic use.
Based on the fact that tablet is still the most
frequently pharmaceutical form developed by
industry, tableting ability of TNT-API
composites was investigated.

Compressibility of i) pure TNTSs, ii) 4 different
APl  (diltiazem  hydrochloride  DiltHCI,
diclofenac sodium DicNa, atenolol ATN and
hydrochlorothiazide HCT) and iii) TNTs loaded
with the APl was studied using a powder
functionality test based on energetic analysis of
compression and rupture cycles [1]. The
equipment (Lloyd 6000R uniaxial press)
provided tablets of the samples without any
excipient, and therefore allowed thorough
investigation of the behavior of the components.
The 50-250 MPa compaction range was
explored. Pysicochemical characterisation of the
composites was also performed using SEM, FT-
IR and DSC-TG [2].

Results indicated that, compared to pure API,
TNT-API  composites presented improved
compressibility due to better flowability and
particle rearrangement and improved plasticity.
Although this positive effect was clear for the 4
types of API, differences were observed,
depending on the efficacy of API incorporation.
Indeed flowability improvement was high for
DiltHCI and DicNa that were shown to
completely fill the TNTs, while it was less
pronounced for ATN and DicNa that were only
partly incorporated in TNTs. Reduced elasticity

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

was observed in all cases, even when APl was
not fully incorporated (case of the strongly
elastic ATN).

Post compressional  properties such as
compaction ratio and tensile strength, confirm
the improved compression ability of all TNT-
APl : higher densification and mechanical
strength were obtained over the entire
compression range investigated.

In conclusion, TNTs are promising carrier
materials, providing important technological
benefits in the field of direct tablet compression.
TNTs improve the flowability of the
incorporated API, decrease elastic recovery and
enlarge the compression range. The presence of
TNTs enhance the compactibility of the 4 API
tested, even when incorporation is incomplete.
This observation proves that the processability
of TNTs is extremely good, which makes this
excipient a promising carrier nanomaterial.

Keywords: Titanate nanotubes, direct tableting,
compressibility, composites, diltiazem
hydrochloride, diclofenac sodium, atenolol,
hydrochlorothiazide
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Nanoinks for photothermally responsive inkjet-printed patterns:
from hyperthermia and drug release to encrypted writing
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Abstract:

Gold nanostars (GNS) and nanoparticles of
inorganic materials (eg CuS) display intense
LSPR absorptions in the Near IR that once
photoexcited relax thermally. Accurate tuning of
the coatings of such NP allow to dissolve them
in solvent mixtures suitable for inkjet printers
and to obtain 2D printed patterns on flat bulk
surfaces. GNS can be inkjet printed on a paper
substrate, observing a significant photothermal
effect (AT = 20 °C) when patterns are under
NIR excitation (800nm) even with low laser
intensity (I = 0.2 W/cm?). Model molecules can
be grafted on the exposed surface of GNS in the
printed patterns and released thanks to heating
by NIR irradiation, as an example of smart
devices for localized thermal treatment
combined with temperature-triggered drug
release.! Similar results can be obtained with the
less expensive CuS by exciting inkjet printed
patterns at 800 nm, with the additional
advantage of excellent biocompatibilty with
human fibroblasts.? Beside irradiation intensity,
printing parameters such as as drop density,
number of printed layers, and the permeability
of the coated paper substrates can be modulated
to finely tune the observed AT of printed GNS.®
Moreover, the nature and the thickness of the
coatings can be tuned in order to avoid a close
contact distance between GNS branches in
printed patterns, thus preventing LSPR
ibridization and mantaining the sharp shape of
absorption bands. At a given set of printing
parameters, this drives to a peaked trend of the
observed AT vs irradiation wavelength (Air) of
the pattern, Figure 1. This allows either to write
and read simple information using a single Air
(YES answer for AT > threshold) or to use
multiple Air to write and read complex
information like thermal bar codes and anti-
counterfeit signatures.*

Keywords: gold nanostars, photothermal effect,
inkjet-printing, hyperthermia, encrypted writing
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Figure l:absorption spectrum (solid line) of an
inkjet printed pattern of GNS on glass. Red
points: observed T increase (vertical right axis)
with laser sources having the same intensity but
different Air. Lowest row: photothermal images,
(by thermocamera) of a laser beam impinging
upon a printed pattern at the A corresponding
to A-F points.
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Abstract:

Graphene quantum dots (GQDs), fragments
limited in size of a single-layer two-
dimensional graphene, are considered as the
next generation of carbon-based
nanomaterials with enormous potential in
biomedical field. Due to their outstanding
physical, chemical and biological properties,
these nanomaterials have shown promising
applications in cancer therapy.! When
compared  with  other  carbon-based
nanomaterials, GQDs exhibit biologically
interesting properties, such as low toxicity,
chemical inertness, water solubility and the
ability to be internalized inside cells by
endocitosis which make them ideal nano-
carriers for drug delivery.? The quantum
confinement, which confers fluorescence to
these nanostructures, allows the
simultaneous detection and treatment of
cancer cells, making them suitable platforms
for theranostic purposes.® The
surface/volume ratio and versatile surface
functionalization allows their multimodal
covalent and non-covalent conjugation with
drugs, targeting ligands, and polymers, in
order to improve their pharmacological
profile.4®

GQD, synthesized by acidic oxidation and
exfoliation ~ of  multi-walled  carbon
nanotubes (MWCNT) have been conjugated
with anticancer agents and with targeting
ligands that could specifically recognize
specific receptors on the cells surface and
induce receptor-mediated endocytosis in
order to minimize the systemic toxicity and
undesirable side effects typically associated
with conventional therapy (Fig. 1).The
reported results lead to targeted therapies
forcancer  treatment,  opening  new
possibilities in the use of anticancer drugs
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poorly soluble in water andendowed with
systemic toxicity.
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Figure 1: Drug Delivery Systems GQD based
for targeted anticancer therapy

Keywords: Drug delivery system, graphene
guantum dots, targeted delivery, anticancer
activity
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Abstract:

In recent times, nanoparticles (NPs) are widely
used in medicine due to their unique
physicochemical properties, such as small size,
low toxicity and high reactivity. When used for
the drug delivery applications, they can
stimulate and/or suppress the immune response
by interacting with blood proteins.! The
conformational changes of proteins after
conjugation with NPs are an important aspect
for immunogenicity. The compatibility of the
NPs with the immune system is mainly
determined by their surface chemistry. In this
work, we have studied the human serum
albumin (HSA) protein—gold nanoparticle
(AUNP) interactions focusing on the nature of
AUNP surface and pH of the medium. HSA
exhibits different isomeric forms and undergoes
conformational changes at different pH
conditions (e.g. pH 3.8, 7.4, and 9.3).2

AuNPs with different surface functionalization
(citrate, PEG-OMe, PEG-COOH, PEG-NH;,
and glycan) were chosen to investigate the effect
of surface functionalization on protein structure.
Both UV-Vis and dynamic light scattering
(DLS) measurements have confirmed  the
formation of protein corona. No significant
change (or a slight red shift) is observed in the
localized surface plasmon resonance (LSPR)
position (at 523 nm), which may indicate the
weak interaction between core AUNPs and HSA.
Circular dichroism (CD) spectroscopy studies
suggested that HSA conjugated to AUNPs
undergoes a change in the secondary structure
(decrease in alpha-helix) at various pH for all
functionalized AuNPs. This change in protein
secondary structure might be due to the type of
dominant interaction between NPs and HSA (i.e
electrostatic, hydrogen bonding). Our results
showed that both surface charge and pH of the
medium influences the changes in HSA
structure. For example, neutral PEG-OMe-
AuUNPs do not induce changes in protein
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structure at all investigated pHs and may be
considered safe for drug delivery applications,
whereas positively charged PEG-NH2-AuNPs
induces conformational changes in HSA at all
pH conditions, being therefore a non-safe
system for delivery applications.

Keywords: gold nanoparticles, human serum
albumin, protein corona, surface modification,
pH, immunogenicity.
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Figure 1. Schematic representation of the
formation of AUNP-HSA corona at different pH

conditions (top) and the variety of functional
groups at the NPs surface (bottom).
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Abstract:

Metal nanoparticles have gained significant
attention in recent years because of their unique
physical and chemical properties, making them
suitable for drug delivery and targeting, a
together with cancer treatment. The surface of
metal nanoparticles can be modified to target
cancer cells, specifically by conjugating a
specific targeting moiety to the surface of the
metal nanoparticle (1). Currently, gold
nanoparticles (AuNPs) are being used in drug
delivery and cancer treatment, because of their
potent photothermal effect responsible of a
controlled drug delivery. Nanoparticles stability
in a biological medium is crucial for its
utilization as a drug delivery system. For this

reason, several characteristics must be
considered before utilizing this type of
materials.

Microfluidic can provide evidence of the
behaviour of the Protein-corona formation onto
AUNPs when are subjected to hydrodynamic
forces, in a hydrodynamic regime which can
contrast the macroscopic scale (bulk) scenario

3).
In this work, we studied the interactions of gold
nanospheres (AuNS) and gold nanorods

(AuNR) functionalized with polyethylene glycol
(PEG) and folic acid (FA) with different plasma
proteins by microfluidic. We analyzed their
behaviour in a hydrodynamic regime,
mimicking the natural environment, comparing
their behaviour in a macroscopic scale (Figure
1).

Protein-nanoparticles samples were analysed by
different techniques: a) TEM to analyse the
morphology, and homogeneity of the
nanoparticles before and after of the interaction,
b) Dynamic light scattering, to evaluate the
hydrodynamic diameter and c) Zeta potential, to
analyse how the surface charge change with the
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presence of protein corona. D) UV-VIS-NIR
spectroscopy, to analyse the surface plasmon
resonance of the nanoparticles in presence of
protein, e) Micro-BCA assay to quantify the
protein attached to the nanoparticle, f) Atomic
absorption to quantify the gold content
interacting with the protein and g) Circular
dichroism to analyse the secondary structure
content of the protein before and after
interaction with nanoparticles.
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Figure 1: Schematic representation of the
proposed work. Protein-corona formation by
hydrodynamical parameters.

The results demonstrated that the AuNPS were

coating by proteins in different manner
depending on the flow rates.
Keywords: protein folding, biomaterials,

biomedical applications, microfluidics, folic
acid, gold nanoparticles, polyethylene glycol.
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Abstract:

Cardiovascular diseases, including
Atherosclerosis, are one of the leading causes of
death in western society and there is a clinical
need for new approaches for improved therapies
[1]. Targeted  nano-therapeutics  to
atherosclerotic sites can provide safer, more
efficient and effective treatments through
localization and release of encapsulated
therapeutics specifically at the desired region
[2]. Studies have shown that atherosclerotic
lesions localize at specific regions that may
include tight curves and bifurcations along the
blood vessel [3]. The goal of our research is to
understand particle dynamics, deposition and
adhesion in models of arterial bifurcations under
physiological conditions. We have designed and
fabricated 3D real-sized arterial bifurcation
models cultured with human umbilical vein
endothelial cells (HUVECSs). The models were
connected to a programmable perfusion system
for injection of particles. Our results show that
different particles tend to localize at specific
sites within the bifurcation based on
hemodynamics and particles properties. These
findings highlight the key role of hemodynamics
and particle characteristics when developing
targeted nano-carriers to the vasculature.

Keywords: Nano carrires, Drug targeting,
Blood vessels, Atherosclerosis, Bifurcations,
Hemodynamics, Vascular targeting
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Figure 1: (a) a PDMS 3D real-sized model of
the human carotid artery bifurcation, cultured
with endothelial cells, (b) the deposition of 2um
particles (in red) to endothelial cells (nucli
staining in blue) inside the model, at two
different time points under physiological flow,
showing the increase of adhesion of the
particles as a function of time.
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Abstract:

Lipid-core micelles (LCMs) are composed of
lipid self-associated copolymers dispersed in
aqueous solution and have been developed as
drug delivery systems for poorly water soluble
drugs, including cardiovascular and
antineoplasic agents. On the other hand, the
buccal route of administration is a non-
conventional route for delivering drugs and
elicits several advantages as an alternative for
oral administration, including avoiding first-
pass metabolism and low enzymatic activity,
and therefore, this route can be exploited to
delivery biological drugs. The goal of this
research was to develop buccal mucoadhesive
films loaded with rhodamine 123 (Rho) and
human insulin (Ins)-loaded LCMs as a novel
drug delivery system to deliver biologics
through the buccal epithelium.

Synthesis of drug-loaded LCMs using GRAS
excipients, and loading of those particles on the
surface of buccal mucoadhesive films comprise
the main steps of this research and were
obtained by using novel low-energy hot
emulsification and thermal inkjet printing
processes, respectively (Figure 1). This research
represents the first approach using this type of
nanoparticles as drug delivery system loaded on
mucoadhesive films for buccal nanocarrier
permeation.

We have demonstrated a high association of
Rho and Ins to LCMs, vyielding nano-sized,
spherical-shaped and monodispersed particles
(Table 1). Furthermore, the surface charge of
Ins-LCMs is less negative in comparison with
Rho-LCMs, due to the interaction among
positively-charged Ins and negatively-charged
LCMs lipid constituents. In vitro release studies
have demonstrated that the released amount of
Rho and Ins loaded on LCMs after 72 h was
26% and 88%, respectively, at 37°C in PBS 7.4.
On the other hand, HPMC mucoadhesive films
loaded with Rho-LCMs elicited 30-times higher
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permeation rate in comparison with a Rho-
LCMs suspension control, after 6 minutes of
contact by ex vivo permeation studies.
Furthermore, the cumulative amount of Rho-
LCMs that effectively crossed the buccal
epithelium after 24 minutes is almost 15 times
higher using a printed mucoadhesive film
compared to a suspension This enhanced
permeation can be related to the increase of
local disposition of LCMs, leading to a large
concentration gradient, which favors LCMs
transport. Therefore, we expect similar results
for Ins permeation using Ins-LCMs-loaded
mucoadhesive films, and consequently this
reaserch will lead to develop an alternative drug
delivery system for biological drugs using the
buccal route of administration.

Keywords: lipid-core micelle, buccal mucoadhesive
film, rhodamine 123, insulin, permeation, drug
delivery system, biological drug.
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Figure 1. Diagram of synthesis and
characterizacion of drug-loaded LCMs and
elaboration of LCMs-loaded mucoadhesive
films.
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Table 1: Physical-chemical properties of drug-
loaded LCMs. HD: hydrodynamic diameter,
Pdl: polydispersity index, ZP: zeta potential;
EE: encapsulation efficiency.

Sample

HD (nm)

Pdl

ZP (mV)

EE (%)

Rho-LCMs

26.2+2.5

0.25+0.11

-12.4+3.6

98.3+0.8

Ins-LCMs

16.6+1.0

0.20+0.05

-2.6+1.1

94.3+3.8
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Hybrid nanostructure lipid capsules: A promising nano-vehicles to
Improve anticancer activity of curcumin
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Abstract

Curcuminhas received immense interest among
scientific community for its effectiveness to cancer
cells as well as cancer stem cells. [1] High
hydrophobicity and unsatisfactory bioavailability
have been impeding clinical use of curcumin [2].
Recently, various nanoformulations are developed
to overcome these limitations [2]. However, low
entrapment efficiency, expulsion during storage,
instability, bust release, tedious development
process and formulation cost remains challenging to
gain popularity for clinical use [3].

We  developed curcumin  loaded  hybrid
nanostructure lipid capsules (Cur-HnLCs) to meet
the above challenges. Cur-HnLCs of 30 nm was
prepared. Physicochemical properties of Cur-HnLCs
such as particles size, zeta potential, encapsulation
efficiency, in-vitro drug release kinetic, and stability
was determined. Therapeutic efficacy of Cur-HnLCs
was determined using different breast cancer cells
such as MCF7, MDMB-231 as well as cancer stem
cells.

Cur-HnLCs are shown narrow size distribution
having ( potential () 8.32 mV. The cur-HnLCs are
stable for 60 days at 4 °C without change in their
size and drug leaching. High encapsulation
efficiency (>95 %) of curcumin was achieved and
controlled release of curcumin from the HnLCs was
observed. In-vitro anti-cancer efficacies of cur-
HnLCs formulation toward different breast cancer
cells were more than 2 times compared to free
curcumin. The 1Cs values of Cur-HnLCs on MCF-7
after 24 hrs of treatment are nearly 2.5 uM and 20
UM measured by [®H] thymidine incorporation and
MTT assay, respectively [Figure 1]. Cur-HnLCs
formulation was observed to kill breast cancer stem
cells effectively.

Keywords: Nanocapsules, Curcumin, Cancer,
Cancer stem cell, Drug delivery
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Figure 1. Schematic of Cur-HnLCs (A), Cryo SEM
image of Cur-HnLCs (B), comparative cellular
toxicity of curcumin, free and in HnLCs (C) and
3[H] thymidine incorporation after treatment of cells
with free curcumin and Cur-HnLCs for 24 hrs (D).

Novel curcumin nanoformuation (Cur-HnLCs) are
developed with high drug encapsulation, stability
and superior anticancer efficacy. The tunable and
narrow size distribution of our nanoformulation will
be suitable to enhance the accumulation of curcumin
by EPR effect. The superior therapeutic efficacies
toward cancer and cancer stem cells promise our
nanoformulations for effective cancer therapy.
However, in- vivo studies need to be performed to
check the therapeutic efficacy of our cur-HnLCs,
which is under process.
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Abstract:

Nanotechnologists, Pharmaceutical
scientists and medical researchers are still
engaged in a fighting against a high number
of serious and complex diseases like brain
tumor. The novel applications of
Nanotechnology to the fitness of health
increases high hopes and expectations.
Nanotechnology exploits the enhanced too
often novel physical, biochemical and
organic or biologically dimensions of
substantial at nanometer measurement and
has the potential to empower early detection,
prevention and recuperate analysis, treatment
and follow through of illnesses.

In this research work, a model is proposed to
design  “Energy  Distribution  Control
System” that will work as heat therapy for the
treatment of the fatal tumor cells at molecular
and Nano atomic level on the basis of “See
and Treat” technique by controlling the
intensity of heat by using the magical
properties of coated Gold Nano-particles.
This proposed model will be evaluated on the
Thermo Phoresis Nt. The proposed model is
concerned with the computer aided study of
Nano-particles according to the requirement
the different size of nanoparticles with
diameter less than 100nm. The present study
proposed a method to destroy the cancer
tissues without touching the healthy cells of
the body. The numerical results obtained in
graphical form and show how Nano-particles
of Gold preserve their energy as well as how
they can be used in the treatment of cancer
cells of Brain Tumor. The results are
obtained by using MATLAB simulation.
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Figure 1: Figure illustrating the fundamental
question that we are tempting to solve
experimentally: what is the importance of the
keypoint of Thermo Phoresis Nt how it preserve
the heat energy and then it use for the treatment
of cancer cells of Brain Tumour .
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Nanoscale exploration of live brain tissue by single
nanoparticle tracking and super-resolution imaging
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Abstract

Sub-wavelength localization of single nano-emitters is the basis of several super-resolution
microscopy approaches (i.e. delivering images with resolution below the diffraction limit) which are
now applied in different fields of science requiring nanoscale imaging performance. In complex
systems like thick live biological tissues, it still remains a challenge to apply super-resolution imaging
approaches. This is due to the limited brightness of fluorescent emitters, the optical aberrations
induced by the samples and/or the poor penetration of the light at visible wavelengths. To circumvent
these limitations, we recently developed several new approaches. More precisely, | will present
SELFI, an original strategy to super-localise a single molecule in 3D which allowed 3D super-
resolution microscopy to be achieved at unprecedented depths inside a biological tissue [1]. Finally, |
will present another approach based on single quantum dot tracking [2] and single carbon nanotube
tracking in the near-infrared to obtain super-resolved maps of the extracellular space within intact live
brain tissues [3-4].
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Nanoparticles for multimodal imaging and phototherapy of
cancer: towards theranostic
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Abstract:

While refinement of the conventional cancer
treatment modalities is important, research has
also focused on developing alternative treatment
modalities that are safe and potent. The
applications of nanoparticles in cancer therapy
and diagnostics have been a major stride
forward in solving some of the challenges
associated with classic treatment and diagnostics
modalities. A present status and prospects of
nanoparticles related to the selectivity of cancer
treatment, multimodality in diagnostics and
unifying the process of diagnostics and
treatment on one nanoparticle (theranostics) is
discussed.

It is highly desirable to develop novel
multifunctional nanostructured systems that can
achieve simultaneous in vivo imaging and
treatment, today named as theranostics.

Figure 1: Figure illustrating the theranostic
viewpoint envisages the combination of
targeted therapeutic and diagnostic capabilities
within a single entity.

By itself, theranostics predates the field of
nanoscience;  however, the advent of
nanoparticles (NPs) with tunable
physicochemical properties and subcellular size
enabled the realization of multifunctional
theranostic nanoplatforms.[1] Diagnostics-wise,
NPs can serve as imaging contrast agents
(optical, magnetic, X-ray, and photoacoustic)
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and enriched with the therapeutic capacity, e.g.
photothermal and photodynamic treatment.

Many kinds of nanostructures have been
reported for bio-imaging, such as quantum dots,
core/shell silica nanoparticles, polymer-coated
gold nanoparticles, carbon nanotubes, magnetic
nanoparticles. Photoluminescent (PL),
magnetically active NPs are exceptionally well-
suited contrast agents and can initiate
therapeutic process. Quantum dots are bright PL
nanoparticles which attached with photodrug
can initiate the photodynamic therapy of cancer.
Magnetic nanoparticles can be used as a contrast
agent in the magnetic resonance imaging (MRI)
and in case of applying of the variable magnetic
field can induce thermal destruction of
cancerous tissue. Rare earth-based nanoparticles
(RENPs) have shown great merit as theranostic
agents as their spectral properties can be fine-
tuned and precisely controlled.[2] The unique
advantage of RENPs lies within their ability to
absorb near-infrared (NIR) radiation and convert
it to light of both shorter and longer
wavelengths, through anti-Stokes upconversion
(UC) and Stokes downshifting (DS) processes,
respectively. On one hand, DS emission within
the biological optical transparency windows
permits to visualize subcutaneous tissue layers,
otherwise inaccessible to visible light. UC
emission can be harnessed to photoinitiate drug
release or production of reactive oxygen species
(ROS), as in the case of photodynamic therapy
of cancer (PDT). Upon the doping of different
elements such as Gd and Sm into UCNPs
structures, the prepared nanoparticles can also
be endowed with more promising functions for
multimodality imaging by the combination of

fluorescent imaging with other imaging
techniques.
Keywords: near-infrared, rare earth

nanoparticles, theranostics, upconversion.
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Integrated optics devices in spectroscopy, biosensing and medical
applications
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Abstract:

Integrated optics is one of the fastest growing
branches of optics which has several application
areas including medical imaging,
telecommunication, spectroscopy, astronomy
and so on. By combining the basic components
of integrated optics one can design an on-chip
medical imaging system, a spectrometer, or an
optical  biosensor  platform. We  have
demonstrated the first on-chip optical coherence
tomography (OCT) on-chip in 2012 [1] which is
one of the high-resolution optical imaging
modality with a very wide application range. To
do so, an optical spectrometer based on arrayed
waveguide gratings (AWG) was designed and
fabricated together with an optical wavelength-
flattened beam splitter. Moreover, different on-
chip spectrometers with novel features were
designed for various applications and some of
them experimentally demonstrated [2]. In
addition to spectrometers, on-chip beam splitters
and polarization splitters were designed and
experimentally demonstrated that could be used
in various medical imaging as well [3]. Besides
imaging, integrated optics is an excellent
technology for optical biosensing applications
as it provides compact, power and cost-efficient
devices with unique features. Our recent optical
biosensor idea combines on-chip optical
frequency combs- a Nobel prize winning idea
with ring resonators in order to be used in early
detection of lung cancer. Another emerging
field is called reconfigurable integrated optics
which allows to use the same on-chip
components for different applications by
changing specific properties of the waveguiding
material without changing the device desing. To
do so, novel materials which show different
responses to external stimulus are in high
demand. In summary, it is possible to design
custom devices by using integrated optics for
different applications at a very small scale with
unprecented performance. Novel materials
would allow novel functionalities in integrated
optical devices, therefore interdisciplinary
collaborations are necessary.
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Keywords: integrated optics, spectrometers,
optical biosensors, medical imaging, novel
materials, compact, cost-effective, beam
splitters, polarization splitters, reconfigurable

Figure 1. Schematic of the partially integrated
spectral-domain (SD)-OCT system. (a) The
complete SD-OCT setup comprising a
broadband light source, the microchip with its
optical circuitry consisting of a broadband beam
splitter and the spectrometer (purple plate,
magnified for viewing purposes), line-scan
camera, and reference and sample arms, the
latter including a scanner unit. (b) Details of the
integrated broadband beam splitter, a 3-dB non-
uniform adiabatic coupler (c) A conventional
AWG which, in contrast to our device, includes
output channels. (d) Scanning electron
microscope image of the arrayed-waveguide
section of the AWG before top-cladding
deposition. (e) Optical microscope image of
linear tapers at the waveguide/FPR interface of
the fabricated AWG spectrometer.
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Tracking stem cells and macrophages with gold and iron oxide
nanoparticles—the choice of the best suited particle
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Abstract:

Cell-based therapies, which employ living cells
as delivery systems or medicines, offer an
attractive  alternative to the traditional
therapeutics. Nanoparticle (NP)-based cell
imaging offers good potential for future
diagnosis tools in medicine. Among them, gold
and iron oxide NPs are good candidates, which
can be used as contrast agents for imaging by
computed tomography (CT) and magnetic
resonance imaging (MRI), respectively.
Therefore, cells which have been labeled with
these NPs may also be tracked. This may be of
great importance for in vivo tracking of
administered or transplanted cells.

In this work, we optimized the conditions to
label stem cells and macrophages with a library
of gold and iron oxide NPs of different sizes (5
nm - 100 nm core diameter) and shapes. We
investigated the amount of NPs which can be
delivered to different cells, as well as their
related toxic effects, in relation to the
physicochemical properties of the NPs. Our
study revealed that, in general, when cells are
exposed to NPs at similar elemental
concentration (e.g., Au or Fe), bigger NPs lead
to higher internalized elemental amounts as
compared to exposure with smaller sized NPs.
While the exposure concentrations are limited
concerning the onset of toxicity, bigger NPs
lead to better labeling than smaller NPs,
resulting in improved contrast for imaging with
enhanced biocompatibility.

Keywords: gold nanoparticles, stem cells,
cellular uptake, cell labeling.
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Figure 1: Scheme of the influencing factors in
the cell uptake study.
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Integrated Microfluidic Biochip for Biosensing Application
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Abstract:

Cardiovascular diseases (CVD) are currently the leading
cause of death worldwide. Cardiac myoglobin (cMb) is
a cardiac biomarker that is being exploited for early
diagnosis of acute myocardial infarction (AMI). We
report results of studies relating to the development of
an electrochemical microfluidic biosensor for human
cardiac myoglobin detection. The microfluidic chip was
nanoengineered using L-cysteine modified mesoporous
nickel  vanadate-graphene  nanocomposite  (Cys-
NizV205-RGO) self-assembled on gold (Au) electrode
followed by assembling  polydimethylsiloxane
microchannels. The Cys-NizV20g-RGO/Au surface was
covalently functionalized with cardiac myoglobin
antibodies (cMAb) via EDC/NHS coupling chemistry.
This cMAb conjugated cysteine nickel vanadate-
graphene based transducer (cMAb/Cys-Ni3V20s-
RGO/Au) was used to detect the human cardiac
myoglobin. The uniformly distributed nickel vanadate
(NisV20sg) nanospheres onto RGO nanosheets offered
large surface area with mesoporous structure for
enhanced loading of the cMAb. In addition,
electroactive nature of Ni3V20s-RGO nanocomposite
offers high mobility of electrons and good reaction
kinetics resulting in a new sensor platform for the
development of electrochemical microfluidic biosensor.
This ctMAb/Cys-NizV,0s-RGO/Au microfluidic biochip
showed lower detection limit of 0.02 ng mL™! for a wide
range of concentration (0.02—400 ng mL™') of cardiac
myoglobin protein (cMb) indicating high affinity to
cMb. This microfluidic biosensor showed high stability,
good selectivity and high reproducibility due to
integration of microfluidic elements with mesoporous
NizV20s-RGO. The results of these studies revealed the
efficiency of the Cys-NisV.0s-RGO/Au transducer as
an excellent biosensing device for biomolecules
detection. This microfluidic device can be applied to
detect cardiac troponin |, B-type natriuretic peptide,
cardiac troponin T and cardiac troponin C by
immobilizing the specific antibody recognition elements
and can be used for real point-of-care application in bio-
medicine.
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Keywords: Cardiac Myoglobin, NisV.0g nanosphere,
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Figure 1: Graphical representation of the fabrication of
microfluidic  biochip for detection of cardiac
myoglobin: The sensor using embedded Cys-NizV20g-
RGO as a working electrode and functionlized with
antibody of cMb molecules to specific detection of
cardiac myoglobin.
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Enhanced Coupling Effect of Gold Nanoislands and Gold
Nanoparticles for Optical Biochemical Sensing
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Abstract:
It is known that gold nanoparticles (AuNPs)

provide certain  desirable  features for
nanotechnology applications. Our previous
work on self-assembly gold nanoislands

(AuNIs) formed on glass for localized surface
plasmon resonance (LSPR) also showed that the
nanoislands provided an excellent sensing
platform for optical biochemical sensing [1]. In
this work, we attempt to use AuNPs and AuNIs
together to create electromagnetic coupling
between them, to further improve the optical
biochemical sensing capability. The study is
based on our well-studied LSPR configuration
with AuNIs formed after annealing a thinly
deposited gold film on glass. Gold films of
about 3.3 nm to 13.3 nm thick were deposited.
The effect of variation of deposition thickness,
annealing temperature and annealing time on
size and separation of AuNIs were studied. The
enhanced coupling effect between AuNIs and
AuUNPs provided high sensitivity of optical
sensing. The proof of concept was demonstrated
via the sensing of small molecules, using Pb(Il)
ions in drinking water as an example. In
achieving this, a polymer receptor was required
to provide linkage between AuNIs/AuNPs and
Pb(ll) ion. That is, the AuNIs surface was first
functionalized with suitable receptors and
AUNPs. The size and separation of AuNIs and
the coupling effect were first characterized by
the optical extinction spectrum. The change in
the optical extinction spectrum, and in
particular, red shifting of absorption band of
various AuNIs was studied. The best red shifted
AuNIs sample is that with 6.7 nm gold
deposition thickness. The initial annealing
temperature is critical to the size and separation
of the AuNIs. Using the best red-shifted AuNIs
substrate and coupled with AuNPs, optical
chemical sensing of Pb(Il) ions by our
Common-Path  Spectral Interferometry was
carried out. It achieved 0.26 radians phase
change for 1 ppb Pb(ll) ions solution. This was
slightly better than the phase change of 0.25
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radian with a similar method [1]. Further, to
demostrate the biosensing capability with the
AuUNIs/AuNPs couple, sensing of human IgG
antigen biomolecules was carried out, and the
results will be presented in the conference.

Keywords: gold nanoparticles, self-assembly
gold nanoislands, electromagnetic coupling
effect, red shifting of optical extinction
spectrum, localized surface plasmon resonance,
opti-chemical sensing, biosensing, Pb(ll) ions,
human IgG.
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Figure 1. Atomic force microscope height
scanning images of SAM-AuNIs with AuNPs.
As an illustration, a AUNP was found on top of
AuNIs.
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Construction of Functional Conical Nanopores in view of sensing
applications
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Abstract:

Alzheimer is a distressing disease, which comes
from an accumulation of protein aggregates
such as amyloid fibrils. It inflicts a lot of
pressure on both the patient and his family since
no treatment exists for now. Amyloids and how
they aggregate themselves seem to be a marker
for the predisposition of Alzheimer®. However,
there is presently no dedicated equipment able
to follow or analyze, in real time, the amyloid
fibril formation.  Single nanopore detection
technology is considered as one of the major
breakthroughs in the field of nanotechnology
over the last decades®. Indeed, the “Oxford
Nanopore” company is able now to propose
biological nanopores able to sequence DNA
molecules® with high performances. Unlike the
biological ones, solid-state nanopores present
advantages such as robustness and a diameter
modulability ranging from a few to hundred of
nm. This makes them good candidates for
detecting objects from short DNA strands to
nanoparticles*. However several factors should
be overcome to detect small proteins such as
amyloid fibril. We can cite for instance the
unspecific adsorption of proteins in the
nanopore, the nanopore lifetime, or the free
energy barrier to enter or escape the nanopore.
Here, we aim to use functionalized nanopores to
measure the state of aggregation and allow an
early medical supervision of the patient. The
nanopore surface coverage by PEG molecules
will help amyloids or other structures to enter
and diffuse inside the nanopore. The
measurement of the electrical intensity going
through this nanopore could thus be the ideal
way to quantify these amyloid translocations.
By studying the intensity variation observed
when a molecule structure translocates through
the structure, it seems possible to have a better
knowledge of what kinds of amyloid can be
found in a patient blood sample. We develop in
this  study, numerical simulations on
functionalized conical nanopores to take
advantage of the ionic current rectification
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effect. We present early work of nanofluidics
obtained by molecular dynamics simulation on
these nanocones. For this, we compare the
behaviour of water molecules and of different
ions under the presence or the absence of PEG
functions on the nanopore surface. These
preliminary results with only solvent molecules
will allow us to determine the best geometrical
functionalized nanopore to analyze the amyloid
fibrils translocation inside the nanocone.

Keywords: functionalization, conical nanopore,
molecular dynamics simulation, electrical
detection.
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Figure 1: Left :
nanopore functionalized by PEG molecules.
Right : ionic currents through the nanopore
caused by Li* and CI" diffusion under different
electrical fields
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Novel biosensing assay based on the integration of low refractive
index resonant waveguide grating and upconcersion nanopartices
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Abstract:

Highly luminescent 793 nm excited Nd**-doped
up-conversion nanoparticles (UCNPs) have
shown great promise in bio-applications,
benefiting from the high tissue penetration depth
and low tissue overheating effect at 793 nm.
Furthermore, as the Nd*-doped UCNPs are
deposited on a low refractive index (low-n)
resonant waveguide grating (RWG) in agueous
environment,  upconversion  luminescence
(UCL) generated from the UCNPs can be
greatly enhanced thanks to the guided mode
resonance (GMR) enhanced excitation field atop
of the low-n RWG [1]. Therefore, the
integration of UCNPs and low-n RWG can be a
good platform for biosensing applications.
Human cardiac troponinl (cTnl) is considered to
be the gold standard for the diagnosis of
myocardial infarction due to its presence only
resulting from direct damage of myocardium.
Herein, we synthesize Nd**-doped UCNPs with
multilayer core-shell structure
(NaYF.Yb* Tm*@NaYFsYb* Nd*@NaYF,
) as sensitive UCL bioprobes, and developed a
sensitive extended sandwich-type strategy for
the detection of cTnl with the help of GMR
effect. The limit of detection was determined to
be 2.5 fg/ml could meet the requirements for
clinical application, and it can be used for early
diagnosis of acute myocardial infarction.

Keywords: upconversion nanoparticles, low
refractive index resonant waveguide grating,
guided mode resonance, biosensing, human
cardiac troponin I.
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Figure 1: Schematic of sandwich type UCL
based low-n RWG biosensing assay.

References:

1. Vu, D. T, Chiu, H. W., Nababan, R., Le, Q.
M., Kuo, S. W., Chau, L. K., Ting, C. C.,
Kan, H. C., and Hsu, C. C. (2018)
Enhancing  upconversion  luminescence
emission of rare earth nanophosphors in
aqueous solution with thousands fold
enhancement factor by low refractive index
resonant waveguide grating, ACS Photonics,
5, 3263-3271.

Page 95



High-sensitivity wide-field fluorescent microscopy based on
upconversion nanoparticles and resonant waveguide grating

T.-Y. Liu,! J.-H. Lyu,! M. W.-Y. Chan,? C.-C. Hsu,' H.-C. Kan,! ,J.-Y. Lin,

! National Chung Cheng University, Department of Physics, Chiayi, Taiwan, R.O.C.
2National Chung Cheng University, Department of Biomedical Sciences, Chiayi, Taiwan, R.O.C.

Abstract:

Rare-earth (RE) lanthanide doped upconvrsion
nanoparticles (UCNPs) can produce
fluorescence that emits photons  with
frequencies higher than that of the excitation
light via multi-photon transition process [1].
Since  UCNPs mainly absorb near-infrared
(NIR) light, auto-fluorescence and scattering
can be suppressed and the photo-damage on
biological cells can also be reduced. In addition,
UCNPs are also with other advantages, e.g.,
good photo-stability, low photo-bleaching, high
biocompatibility and water solubility and all
these merits makes UCNPs suitable to serve as

fluorescent tags to obtain high-contrast
fluorescent imaging.
In this report, a novel type wide-field

fluorescent microscopy using a low-n resonant
waveguide grating (RWG) structure as a
substrate  and non-biotoxic UCNPs as
fluorescent tags is successfully developed for
observing high-resolution and high-contrast
fluorescent images of bio-specimen. Resonant
excitation of guided mode resonance (GMR)
can form strong local fields on the top of RWG
to enhance upconversion fluorescent emissions
of the core/shell/shell UCNPs [2]. The nonlinear
optical properties of UCNPs on RWG is fully
characterized and the resonant condition of
RWG excited by 793-nm laser is systematically
optimized with the assistance of a spatial light
modulator. UCF images of UCNPs are
successfully taken via a home-built RWG-based
upconversion florescence microscopy (UCFM)
system with spatial resolution of ~ 230 nm,
field of view of ~ 86 x 67 um?, and image
acquisition time of ~ 100 ms. Upconversion
fluorescence (UCF) intensities of UCNPs at 450
nm and 475 nm are enhanced about 280 and 30
folds respectively when the low-n RWG is
illuminated under resonant excitation condition
(Figure 1). Periodic fringe pattern observed in
UCF imaging under resonant excitation
condition is ascribed to the strong local field
distribution of the excitation light, which can be
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applied to the development of structured
illumination UCF microscopy.

Keywords:

rare-earth, upconvrsion nanoparticles, resonant
waveguide grating, guided mode resonance,
fluorescent microscopy
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Figure 1: Excitation intensity dependence of
450 nm, 475 nm blue UCF emissions.
Resonance represents oblique incidence at 16.1
degrees and non-resonance refers to normal
incidence (€= 0°) of the pump laser.
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High-sensitivity detection of mesothelin by surface plasmon
resonance
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Abstract

In this work, a new method with enhanced
sensitivity was applied for detecting mesothelin
by surface plasmon resonance (SPR) technigue.
This method was previously evaluated in the
lectin detection and it is based on the
functionalization of gold nanoparticles with an
specific antibody followed by the incubation of
these nanoparticles with a solution containing
several types of molecules, including the the
molecule of interest. Then, the nanoparticles
suspension was injected on a SPR biochip
which contained different types of antibodies
immobilized on the surfacel. This method was
shown to be promissory in the analysis of
proteins at very low concentration, which would
be useful in the diagnosis of several diseases.
Herein, this method was applied in the detection
of mesothelin, which is an over-expressed
protein in ovarian cancer and its cut-off point is
9 ng/mL (415 picomolar)?®. In order to detect
mesothelin in a multi component solution at
several concentrations, gold nanoparticles of 10
nm were functionalized with antibody anti-
mesothelin and incubated with the solution for
30 min. Following, the solution was injected on
a SPR biochip functionalized with antibody
anti-mesothelin, BSA and antibody anti-CA 125
(negative controls). The results showed a
detection limit of 35pM that was of great
relevance demonstrating the efficiency of the
sensor in detecting mesothelin at low
concentration. This result demonstrated the
potential of this method for future studies in
detection of biomakers, specially for cancer
diagnosis.

Keywords: Surface Plasmon Resonance,
biosensors, gold nanoparticles, enhanced
sensitivity, mesothelin, biomarkers, ovarian
cancer.
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Abstract:

Typical protocols for detecting bacterial
contamination (Salmonella typhi, Eschericia
coli, Staphylococcus aureus, Klebsiella
pneumonae, Pseudomonas aerugenusa,
Acenitobacter baumnii) in food are lengthy
encompasing initial bacterial enrichment on
broth followed by plating and a subsequent
molecular confirmation. This process requires at
least 2 days. The aim of this work is to use
modified magnetic nanoparticles (MNPs) for
capturing bacteria followed by FTIR analysis,
DNA extraction and PCR amplification for
identification.

MNPs were synthesized and functionalized with
oleic acid (OA) to impart surface
hydrophobicity!. The shape, size, crystallinity,
and functionalization of OA-MNPs were
characterized by TEM, SEM, zeta-sizer and
FTIR. Strawberry samples were inoculated in
broth media and incubated for 6 h at 37°C.
MNPs were then added to the broth with gentel
shaking for 3 min followed by collection using
a magnet. Colected OA-MNPs (with
immobilized bacteria) were Gram stained, FTIR
scanned, and subjected to bacterial DNA
extraction. Extracted DNA was assessed for
purity, integrity, and quantity. PCR was
performed using specific primers for E. coli
0157:H7 and A. baumnii.

The synthesized OA-MNPs were hydrophobic,
spherical and crystalline with an average size of
5 — 15 nm. Microscopical examination of OA-
MNPs (after Gram staining) revealed intact
bacterial cells. The FTIR spectra of the
immobilized bacteria were distinguishable from
each other?. A 2-3 fold increase in DNA
extraction yield was achieved from immobilized
bacteria compared to free ones; while
maintaining the same purity. The extrcated
DNA was amplified using Rec A or STX 1/2
primers and yielded the specific amplicon bands
for A. baumnii and E. coli O157:H7;

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

respectively. In conclusion, The developed
protocol (Figure 1) can identify pathogenic
bacteria contaminating strawberry in a short
time (8 h) and enable a one working day
decision on acceptability of fresh produce.

Keywords: Modified magnetic nanoparticles,
Strawberry, PCR, Pathogenic bacteria.
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Figure 1: Proposed scheme for fast detection of
pathogenic bacteria in fresh produce.
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Abstract:

In spinel oxides with AB>O4 structure, the A
divalent cations usually occupy the tetrahedral
positions (Th) and the B trivalent cations the
octahedral (Oh) ones. This is just the opposite
for inverse spinels as in FesO4. If some degree
of inversion exists, the structure can be
represented as (Ai1-xBx)[AxB2x]Os, where “( )”
denote Th positions in the structure and “[ ]” Oh
positions, respectively, and x is the so called
inversion parameter. The magnetic functional
behavior of these oxides is highly dependent on
the x value therefore, its measurement is of high
relevance to understand the magnetic properties
of these oxides. Conventional techniques such
as x-ray and neutron diffraction refinement,
Mdossbauer spectroscopy, X-ray absorption or
nuclear magnetic resonance can assess the
coordination of chemical species with high
precision, but without the spatial resolution
required for complex systems such as core/shell
nanostructures.

In this work, using scanning transmission
electron microscopy (STEM) and near edge
electron energy loss spectroscopy (EELS-
ELNES), we calculate the cation inversion
parameter of spinel oxides Fe3O4 and MnzO4 in
core/shell  nanoparticle configuration  with
unprecedented spatial resolution [1]. First, we
evaluate the oxidation state of transition metals
by using the onset of the L3 peak [2], and the
inversion parameter is determined from the L3
onset shift between octahedral and tetrahedral
coordination sites. Alternatively, we carry out
multivariate analysis (MVA) to reveal the 2+
and 3+ components and the corresponding score
maps at atomic resolution. The cation inversion
can then be estimated as the fraction of the 3+
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ion signal in tetrahedral coordination positions.
Both methods give results comparable to those
from X-ray absorption on nanoparticle powder
samples.

Keywords: spinel oxides, inversion parameter,
electron energy loss spectroscopy, scanning-
transmission electron microscopy.
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Figure 1: a) Spectral decomposition of the Mn
L-edge with two main  components
corresponding to Mn?* and Mn®* species. The
respective score maps are shown in b).
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Progress in nanoporous anodic alumina-based optical biosensors
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Abstract

Nanoporous anodic alumina (NAA) is a
nanostructured material suitable for developing
complex and cost-effective  biomedical
applications like selective molecular separation,
chemical/biological sensing, cell adhesion and
culture, and drug delivery [1-2]. NAA is obtained
by the electrochemical etching of aluminum and
can be obtained in a self-ordered hexagonal pore
distribution of parallel cylindrical nanopores
with diameters between 10 and 300 nm [1-2]. Its
geometric characteristics such as diameter,
length and separation distance are controlled by
the anodization conditions (voltage and time of

anodization, temperature, and electrolyte
concentration) [3-4]. Chemical resistance,
thermal stability, and intrinsic

photoluminescence are some of the outstanding
properties of NAA [5]. Its highly effective
surface area (hundreds of m?/cm3) makes of NAA
an interesting platform for sensing and loading
and releasing of active agents.

Here, we present some examples of NAA for
advanced photonic structures for sensing
applications [6]. The application of periodic
variations of current or voltage during the
anodization is transferred to the material as the
periodic variation of the pore diameter with depth
and consequently, to the periodic variation of the
effective refractive index. In this way, we can
enginered one-dimensional photonic crystals
(1D-PC) with an enhanced optical response and
stop bands tunable within the UV-VIS-NIR
range. NAA 1D-PC biosensors were applied for
the detection of substances of interest to the
health and the environment like biomarkers or
heavy metals. We deeply study the fabrication
technological parameters that determine the
properties of the optical response.

In addition, we demonstrated that the
combination of NAA and selected aptamers can
be used to prepare gated probes to detect specific
substances. On these systems, the nanopores are
loaded with a fluorescent reporter (rhodamine B)
and functionalized with a short single-stranded
DNA. The gated NAA was successfully applied
to detect drugs, bacteria and fungus.
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Advanced Emerging Materials Applied in Next Generation Nano
Electronic Devices
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Abstract:

The integration of CNTs into Si-based metal-
oxide-semiconductor field effect transistor
(MOSFET) or new nanoelectronics remains a
challenge in the fields of transistors and
interconnections. CNTs are accepted as
candidates for use in molecular electronics to
overcome the physical limitation of current Si
transistors and Cu interconnections [1-5].
Bundles of CNTs are naturally deposited in
vertically direction, since they tend to adhere to
each other vertically. The concept of the
vertically aligned nanotube field-effect transistor
(VCNTFET) has been proposed, to yield the
characteristics of Si devices that will be required
in the year of 2019, as set by the ITRS roadmap .
The feasibility of realizing this vision depends on
direct approaches to selective depositions in the
trenches or holes of Si wafers. Bundles of CNTs
in the trenches and holes can provide sufficient
current density in the form of channels and
conductors, respectively. In addition, CNTs
orientation manipulation in either
horizontal/vertical also plays key role for
manufacturing. This study systematically
elucidates the synthesis of CNTs by microwave
plasma CVD (MPCVD). In this investigation, Fe
catalyst and CoSi2 film employed frequently as

gate electrodes and a contact material in Si
microelectronics are applied. The selective
growth of CNTs in trench/hole/planar
approaches is also examined. The morphology
and nanostructures of CNTs are characterized.
The field emission characteristics of CNTs
deposited in the trenches and holes are
investigated to determine electronic
performance. Figure 1 shows the linkages among
various carbon-based materials synthesized on Si
wafers under the same microwave plasma
chemical vapor deposition (MPCVD) system.
The process parameters can be divided into three
groups according to the structures of the
synthesized materials, i.e. nanotube, nanowire
and 2-D seaweed structure. The main parameters
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include temperature, CH4/H2/N2 gases, buffer

layer application, additional Si source and
patterning design for selective CNTs growth.
With regard to the synthesis of catalyst-assisted
carbon, wire/nanorod, and selective CNTSs
growth, three conditions, namely conditions 1, 2
and 3 were compared. Regard to the linkages of
forming various kinds of carbon-based crystals
and nanostructured materials, the following
conclusions can be drawn: (1) The additional
solid Si sources mainly contribute the Si
component of Si-C-N crystals and nanotubes.
Although some Si could be derived from the Si
substrate, the solid Si columns ionized by plasma
are highly active to participate in the reaction. (2)
The nano-sized catalysts promote the formations
of tubular, wire or rod morphology. The catalytic
functions of the process environments without
H2 gas differ from those with H2 gas. The

catalysts are suggested to provide nucleation sites
for Si-C-N crystal nucleation, and effectively
reduce the energy of formation in the initial
stage. The catalytic function is lost when the
growing film covers the catalytic particle. In
contrast, the role of the catalyst in forming Si-C-
N tubes is similar to that described in the vapor-
liquid-solid model. The tube grows by
precipitating of graphite sheets from a super-
saturated catalytic droplet. The formation of a
curved graphite basal plane is energetically
favorable, and so the tubular structure is formed.
(3) The CH4/H2 ratio influences the formation of

tubular and crystalline structures. A high
2
CH 4/H2 ratio favors the formation of C-sp

bonding (graphite structure), whereas, a low
3
CH 4/H2 ratio favors the formation of C-sp

bonding (diamond structure). Therefore, carbon
atoms surround and precipitate from catalysts
with different CH 4/H2 ratios form hollow tubes

or solid nano-rods. (4) N2 gas gives rise to
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bamboo-like CNTs. Introducing N atoms into the
carbon nanotube structure may induce distortion;
change the bonding to that of pentagonal,
heptagonal or other crystal lattices, and increase
bending stress.
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Figure 1: Figure 1 Process map of forming a
variety of nanostructured materials
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High Temperature Optical Metamaterials
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Abstract

In order to tailor thermophotovoltaic emitters to
match specific photovoltaic receivers we design
and investigate spectrally selective high
temperature stable emitters. We demonstrate
selective band-edge emitters based on a W-HfO2
refractive multilayer metamaterial stable up to
1400°C. Conditions for improved selectivity and
thermal stability are discussed.

The stability of nanoscaled structured materials at
very high temperatures is a scientific topic of
fundamental importance in various fields of
physical and materials sciences. Particularly,
nanostructured emitters are considered to provide
spectrally selective thermal emitters that avoid
the emission of unwanted radiative energy in the
infrared, thus, can efficiently convert thermal
radiation into electricity in thermophotovoltaic
devices. Since the emitted power scales with the
fourth power of temperature and for better match
with low band gap photovoltaic cells, very high
temperatures well above 1000 °C become very
important.

We propose a hyperbolic metamaterial for this
purpose which changes its emission properties
close to the topological transition of its
isofrequency surface. At short wavelength the
metamaterial has absorptivity close to one and
thus efficiently absorbs and emits radiation. At
longer wavelengths, beyond the topological
transition, the thermally excited hyperbolic
modes have large wavevectors and cannot leave
metamaterial due to total internal reflection. To
emit significant power at the wavelengths usable
for photovoltaic conversion (below 2 pm) the far-
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field emitter should be heated to high
temperatures and thus should be thermally stable.
We demonstrate selective band-edge emitters
based on a W-HfO, layered metamaterial. The
thicknesses of tungsten and hafnium oxide are 20
and 100 nm correspondingly. The metamaterial
selectivity comes from the change in effective
permittivity and does not rely on the phase
matching condition. Thus the metamaterial
exhibits almost angle independent selective
emission. We present a detailed study of the
thermal stability of this tungsten based thin film
metamaterial at high temperatures and under
various vacuum conditions. Elimination of the
residual oxygen from the environment allows
achieving unprecedented thermal stability up to
1400 °C without losing spectral functionality. We
attribute this stability to a confined and edge-less
geometry of thin tungsten films.
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Plasma Engineered Nanocomposite and Amorphous Films and
Coatings for Energy Industries

Ronghua Wei, Ph.D. Program Director
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Abstract:

In this lecture, the research conducted at
Southwest Research Institute® (SwRI®) in
plasma surface engineering (PSE) is reviewed.
In  particular, thick nanocomposite and
amorphous films and coatings are produced
using PSE technologies for use in severe
environments  against  erosion,  abrasion,
corrosion, or deposit of paraffin or scaling that
are often encountered in energy industries
including the oil and gas industry and the power
generation industry. The nanocomposite films
and coatings produced using a Plasma Enhanced
Magnetron Sputtering (PEMS) technology have
a nanocomposite microstructure. It is composed
of nanocrystalline MeCxN1-x (Me=Ti, Zr, Cr,
Al, V, etc. or a combination, thereof) with the
grain size of 4-10 nm in a matrix of amorphous
SiCyNz. The unique microstructure renders
super-hardness with high fracture toughness. As
a result, the coatings are able to withstand
severe erosion and abrasion against sand, slurry,
and liquid droplets. Due to the advantages of the
PEMS technology, thick nanocomposite
coatings over 500um have been produced for a
durable life time. These coatings have been
applied to parts used in the oil and gas industry
such as drill head inserts, mud pump plungers,
ball valves and seats. They are also used in the
power industry on valve stems and seats against
both erosion and corrosion. On the other hand,
the amorphous Diamond-Like Carbon (DLC)
films produced by Plasma Immersion lon
Deposition (PIID) technology exhibit a very
dense amorphous microstructure and are used
for the oil and gas industry for corrosion
protection. In addition, due to their inherent low
surface energy nature they are used against
icing, scaling, waxing and asphaltene
accumulation for downhole tooling, oil tubular
goods and heat exchangers. SWRI has developed
the PIID technology for depositing the inner
surface of 2X12m long pipes, and a total of over
50km length of these pipes have been installed
worldwide.
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In this paper we review the methods for
preparing these coatings, discuss their
microstructural, physical, mechanical and
tribological properties, and present examples for
practical applications. A few processes of these
PSE technologies have been transferred to
industries for production coating of their
components.

Keywords: Plasma Surface Enginering;,
Nnocomposite films and coatings; Erosion,
abrasion and corrosion protection; Energy
Industries.
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Abstract:

The effect of UV illumination on MoTe2
channel is investigated for NO, and NH3 sensing
response. MoTe, crystals are grown via
chemical vapor transport and mechanically
exfoliated into few layer flakes for FET
fabrication. The MoTe, FET devices used for
this work showed p-type conducting behavior at
gate biases between -60V to 60V. The
sensitivity of both NO, and NH3 gas improves
under the influence of UV light. Photoresponse
of fabricated MoTe2 devices were tested but
found to have unexplained drops in current
following UV light exposure. A spike in current
is observed after UV exposure followed by
gradual decrease until it approaches saturation
below the dark current, which is attributed to the
release of surface adsorbates (such as oxygen
and hydroxyl groups) which are known to dope
MoTe; p-type. Passivation of the surface with a
10 nm Al;Os film prevents changing of surface
adsorbents and subsequently was found to
eliminate the current drop under UV
illumination. It was also found that passivation
led to the device switching from p-type to n-
type. This is believed to be due to the loss of
surface adsorbates during the deposition of the
Al,Os film. Following the realization that the
device behavior is heavily modified by surface
adsorbents, variation of carrier gas between N
and dry breathing air is used during sensing
tests. It is found that choice of carrier gas has a
large effect on sensing performance for both
NO:; and NHs; sensing. NO- sensing is found to
yield better results using N» carrier gas while
NHs sensing is found to yield better results
using dry breathing air as the carrier gas.

Keywords: molybdenum ditelluride, two-
dimensional materials, nanomaterials, surface
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effects, UV illumination, passivation, aluminum
oxide, gas sensing applications.
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Figure 1: The response vs time for an MoTe;
device before passivation (black curve) and
after passivation (red curve). The inset shows
the transfer characteristics of the same device
before passivation (black curve) and after
passivation (red curve).
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Plasmonic nano-gaps for light matter interactions on the nanoscale
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Abstract:

In this work we report on the design and
fabrication of plasmonic nano-gaps consisting
of a silver nanoparticle coupled to an extended
silver film for the enhancements of the
spontaneous emission, Forster resonance energy
transfer and Raman scattering.

In the first part of this talk we show using
FDTD calculations plasmonic nano-gaps are
able to modify the spontaneous emission rate by
more than a 100 times and the quantum
efficiency of low quantum yield materials by 30
times [1]. Experimental studies on a range of
representative structures confirm our modelling
and reveal that such structures can modify the
emission intensity by a factor of 30 times over
the visible range.

In the second part of this talk we show
theoretically and experimentally how plasmonic
nano-gaps can be utilised to enhance Forster
resonance energy transfer. In particular we
considered nanoparticles of diameters 100 and
200 nm to form nano-gaps of width 30 nm
doped with the molecular dyes Uranin and
Rhodamine 6G as the donor-acceptor pair. We
have found that the FRET rate can be enhanced
by a factor of 3.6 times associated with retained
FRET efficiency compared to vacuum. Further
to that our work show that FRET rate in this
type of nano-gaps is linearly dependent on the
LDOS. These results are combined with 5 times
enhancement in the emission rate of the acceptor
and 14 times enhancement in its brightness as
compared to structures without nano-gaps.

In the last part of this talk we present our results
on the design and fabrication of plasmonic
nano-gaps for single molecule Surface-
Enhanced Raman Scattering (SERS)
spectroscopy. Our calculations revealed that the
enhancement in the SERS signal is mainly
associated with the dipolar mode of the nano-
gap and strongly affected by the particle size
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which was found to be in direct agreement with
our SERS measurements. Concentration
dependent SERS measurements from our
optimized nano-gaps doped with molecular dye
Rhodamine 6G showed clear differences in the
relative SERS peaks intensity at concentrations
of 2x107 M compared to the SERS spectra
measured from gaps doped with the same dye at
higher concentrations 2x10° M. Those
differences are attributed to the random
orientation of the single molecular dye in the
plasmonic gap, therefore highlighting the single
molecule sensitivity of the optimised nano-gaps.
In the single molecule regime, the SERS signal
is dependent on the molecule orientation with
regards to the field in the plasmonic
nanostructure. The dipole moment derivative of
the various Raman modes of the analyte were
determined using DFT (Density Function
Theory) calculations, and by convoluting this
information with the known dipole moment of
the plasmonic nanogap, we were able to recover
the orientation of the single molecule within the
nanogap [2].

Keywords: Spontaneous emission rate, Forster
resonance energy transfer, Raman, SERS,
FDTD, DFT,Plasmonic nano-gap.
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Tuning Fermi level pinning at metal/solid 2D/ Si heterostructure
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Abstract:

The realization of metal/semiconductor contact
with the low Shottcky Barrier Height (SBH)
represents a major interests for conventional and
spin electronics. In fact, a low Schottcky barrier
height allow to realize ohmic-like contact on
semiconductor therefore allow to reduce interface
resistanc. Concerning spintronics the reduction of
Shcottcky barrier height improve the spin
polarized current into semi-conductor.

However, Metal-Induced-Gap-States (MIGS) at
silicon metal interface leads to Fermi level
pinning close to valence band, therefore the SBH
is large. Insertion of 2D materials at interface
could resolve this problem.

We studied by x-ray photoemission spectroscopy
and electrical characterisation (I(V) and C(V))
the electronic properties of metal/2D solid/
Silicon interface. By these methods we have
shown that adding graphene at the interface
induces a high reduction of Schottky barrier
height compared to Metal/Silicon intimate
contacts [figure 1]. This large reduction of SBH
allow to reduce interface resistance and to obtain
an ohmic-like contact [figure 2]. In particulary
we found that Fermi level is fully unpinned at
graphene/Silicon interface, allowing to modulate
the SBH by modification of graphene work
function.

Keywords: silicon, graphene, boron-nitride,
semi-conductor spintronic.
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Figure 1: Schottcky barrier height as a function
of iron thickness determined by photoemission.
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These measurements have been realized with
silicon doping at 10'® cm?
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Figure 2: Current as a function of applied
voltage with (red) and without graphene (black)
at interface.
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Influence of Plate Acoustic Waves on Electronic Transport in
Low Dimensional Nanostructures
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Abstract:

The acoustoelectric effect is the generation of a
acoustoelectric current in a non-biased device
by a piezoactive acoustic wave [1]. This effect
has recently attracted the attention of
researchers as possible method to control the
motion of massive objects in the quantum
regime [2]. We suggest to use this effect for
development of high sensitive nanoelectronic
sensors. The sensitivity could be increase
through the wuse of modulation mode of
operation based on the acoustic pilot signal and
the transition from quasi-stationary
measurement to measurement at the modulation
frequency. We have produced acoustic delay
line (DL) based on shear-horizontal acoustic
wave of zero order (SHo) with resonant
frequency 2.77 Mhz in Y-X lithium niobate
plate. DL consists of two interdigital transducers
with 5 pairs of strips. The nanostructure
presented in Figure 1 was placed in the center
between IDTs. The volt-ampere characteristics
of this nanostructure in presence and at the
absence of the acoustic wave are presented in
Figure 2. The analysis has shown that presence
of piezoactive acoustic wave is influenced on
electric current in a nanowire. We will provide a
theoretical analysis of obtained results. The
work is partially supported by RSF 18-49-08005
in frame of development hybrid acousto-
nanoelectronic device and RFBR grant 19-07-
01091 in frame of development of tunnel
nanostructure.

Keywords: acoustoelectric effect, nanowire,
volt-ampere  characteristics, shear-horizontal
acoustic wave, lithium niobate plate, sensor
applications.
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Figure 1: SEM image of the nanostructure.
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Figure 2: Volt-ampere characterics of produced
nanostructure at absence (black line) and in
presence (grey line) of piezoactive acoustic
wave.
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Towards the Optimized Spintronic Response of Sn-Doped
IrO, Thin Films
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Abstract:

IrO, has been proposed as the most promising
material as spin-current detector.M In order to
explain and optimize the initial results observed
by Fujiwara et al.,™! we prepared for the first
time Sn-doped IrO- thin films, Ir1xSnkO2 (X = 0—
0.6), in the amorphous and polycrystalline
states, by reactive magnetron co-sputtering.
Choosing Sn as the dopant element is especially
interesting, since SnO, presents an insulating
behavior and, like IrO,, it grows in the rutile
structure. The only difference is an increase in
the volume cell, which makes it easier for Sn to
occupy Ir sites without any drastic structural
change. The electrical response and strength of
the spin—orbit coupling (SOC), both key
properties involved in the spin-detection
process, were carefully studied in order to better
understand and tailor its performance as spin
current detector material.

Overall, our work prove that the resistivity of
IrO, can be tuned over several orders of
magnitude by controlling the doping content in
both the amorphous and the polycrystalline
state. In addition, growing amorphous samples
increase the resistivity, thus improving the spin-
current to charge-current conversion. As far as
the SOC is concerned, the system not only
remains in a strong SOC regime but it seems to
undergo a slight enhancement in the amorphous
state, as well as in the Sn-doped samples.
Consequently, it points to a clear new
direction/approach in the quest of optimized
materials for spin current detection. ® From the
industrial application point of view, the good
results obtained in the amorphous Ir1xSnsO-
samples are especially relevant as they are easier
to fabricate. Besides, taking into account the
high price of Ir, Sn-doping also considerably
reduces costs.
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Keywords: iridates, spintronics, electrical
properties, resistivity, spin—orbit coupling, thin
films, co-sputtering.
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Figure 1: The electrical resisitivity of the Ir.-
xSNxO2 compound is proved to be tunable over
several orders of magnitude, while the system
remains in a strong SOC regime. Therefore, the
two key properties involved in the spin-
detection process are optimized.
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High concentration bolometric system with single-walled carbon
nanotubes (SWCNT) absorber
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Abstract:

We demonstrate a single-walled carbon nanotube
(SWCNT)-based microbolometer with enhanced
optical properties due to focused current-bias
between two electrodes. The Au electrodes were
deposited on an oxidized silicon substrate. The
single-walled carbon nanotubes (SWCNT),
synthesized using Enhanced Direct Injection
Pyrolytic System (eDIPS) [1], were placed
between two Au electrodes between the pointed
tips with a gap of approximately 10 um. The
SWCNT was ascertained from Raman
spectroscopy and optical absorption
spectroscopy (OAS). The morphology and the
thickness of the SWCNT film was estimated
from atomic force microscopy.

We obtained a bolometer figure-of-merit
temperature coefficient of resistance (TCR) of
greater than -2.5% by measuring current-voltage
(V) characteristics from 20 °C to 100 °C. An
optical response of 580 V/W was obtained from
a5 mW 783 nm laser. The corresponding thermal
time constant of 2.43 ms was estimated through
the optical response from the modulation of the
laser over a frequency range of 1 Hz to 1 kHz.
From measurements of the voltage response vs
temperature, we were able to estimate a thermal
conductance, 0.23 ulW /K, due to the oxide layer
acting as a very good thermal isolation. The
optical noise equivalent power (NEP) and optical
detectivity of 4.81 x 10~1'W/v/Hz and 4.61 X

108cm * VHz/W, respectively, were estimated
from the responsivity, the spectral density, and
area of the cell of the absorber, 4.9x10* cm?.

We attribute the exceptional performance of the
SWCNT microbolometer due to the increased
current density between the tips of the electrode.

Keywords: zinc oxide; graphite; photocatalysis;
solid-state reaction; time-resolved
photoluminescence; time-integrated
photoluminescence
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Figure 1: (a) Schematic diagram of the IR
device. (b) Deposited CNT (blue) between the
two tips of the electrodes (yellow) and the (c)
AFM image of the SWCNT. (d) FEM simulation
depicting the increased current density at the tips
resulting to the enhanced bolometeric response.
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Theoretical study of the electronic flow between two metals through
an insulator and under illumination: Applications at the nanoscales
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Abstract:

The purpose of this study is to derive a general
formula for the electronic flow between two
metals through an insulator and under
illumination using a model based on photon
assisted tunneling [1, 2, 3, 4]. We discuss the
limitations of this model at the nanoscales, in
particular when considering a Metal Insulator
Metal (MIM) diode. When two electrodes are
separated by a thin insulating film or by a
molecule, and if the film is thin enough, an
electron can flow between the two electrodes by
tunnel effect. Schrodinger equations can be
solved using a mode-space approach, which
consists in separating the transport direction and
the transverse confinement direction. Indeed,
appearance of transverse modes is crucial to
settle on the nanodevice working, which is of
importance when considering a molecular or
nano-electronic device. To the best of our
knowledge, no electron transport model is
available in the case of illumination.

In our study, we assume a transfer Hamiltonian
of the form H = HL + HR + HT, where HL and
HR stands for the left and right electrode
Hamiltonians respectively, and HT generates
transitions between HL and HR(t). HR(t)
describes the time-dependence of the right
electrode under illumination. Then the resolution
of the Schrodinger’s equation is performed in
cylindrical configuration. The results
demonstrate an energy quantization and the
appearance of transversal modes. Thus, the
figure la shows the current flow between two
metal electrodes through a 2 nm long insulating
molecule considered as a 1 nm radius cylinder:
one transversal mode is clearly visible and
exhibits a region of high performances, and the
figure 1b presents the energy level diagram of
the considered nano-device.

In our model, the influence of the layer and the
van der Waals interface on the current are
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ignored and we suppose a 1nm cone - shaped tip
contact. Our model is of interest for self-
assembled molecular (SAMs) diodes where no
lateral interaction occurs between the molecules,
as for example ferrocenyl-alkanethiol based
SAMs diodes showing high rectification ratios

[5].

Keywords : nanoscale, diode, current flow,
quantum, cylindrical configuration, photon
assisted tunneling.

Figure: (a) Mapping of the current flow (in mA)
through a 2nm long insulating molecule
considered as a cylinder of “1” nm radius,
versus the wavelength (in nm) of the incident
light and the voltage applied between the two
metallic electrodes. (b) Energy level diagram at
open circuit used in our simulation.
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Use of nanocarbons to provide ultra-fast charging of electric
vehicles at 350kW to 1MW, so that drivers have the same
experience of speed of recharge, cost and range as gasoline or
diesel vehicles

Stephen Voller C.Eng
CEO & Founder ZapGo Ltd, Oxford, UK

Abstract

Gasoline (petrol) and diesel vehicles can be
refueled in 5 minutes, and then travel 500 km
or more. ZapGo has developed new energy
storage technology capable of delivering the
same driver experience in a battery electric
vehicle, but without the need to upgrade the
national grid infrastructure. ZapGo Ltd
(Zap&Go) is a high technology business
founded in Oxford, UK, in 2013. ZapGo has
developed a solution to the problems
encountered by all the current generation of
appliances, devices and vehicles powered by
lithium: slow charging. Called Carbon-lon™
(C-lon®), in contrast to Lithium-ion, this
technology is based on carbon nano-materials.
The technology and a growing patent portfolio
is in part derived from Oxford University, and
in part developed independently by Zap&Go's
own scientists. The C-lon cells are
manufactured in China and Zap&Go is
currently supplying grid energy storage
solutions from their operations in Charlotte, NC
in USA.

Biography

Stephen Voller C.Eng is an experienced
business leader and a recognised authority on
energy storage technologies. He is the inventor
of Carbon-lon and he founded ZapGo Limited
in 2013 to produce the next generation of
energy storage devices based on this
technology platform, with four core values: to
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has taken several technology businesses
through concept, design and then into
production. He launched the first ever CE-
marked hydrogen fuel cell product. He
previously ran a $1bn business unit at IBM. He
is a member of the Institute of Electrical and
Electronic Engineers (IEEE) and is a Freeman
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A high output flexible triboelectric nanogenerator based on
polydimethylsiloxane/three-dimensional bilayer graphene
composites
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Abstract:

Ever since Wang et al., reported a flexible
triboelectric nanogenerator (FTENG) based
on two different types of thin polymer, in
2012, for the first time,! extensive
worldwide effort has been devoted to
fabricating high  output  performance
FTENG since it can convert mechanical
energies (such as wind energy, human body
activity, and water waves, etc) into electrical

energy 2 In this study, the
polydimethylsiloxane/three-dimensional
bilayer ~ graphene (PDMS/3D  BLG)

composites were successfully fabricated
using carbon cloth (CC) as a low-cost
flexible 3D substrate by a facile synthetic
strategy. The AU/PET and PDMS/3D
BLG/CC composites were employed as the
top and bottom electrodes to fabricate
flexible triboelectric nanogenerators
(FTENG), demonstrating such FTENG have
excellent output performance, evidenced by
the maximum peak-to-peak output voltage,
peak-to-peak current density, and output
power density reaching up to 70 V, 9.3 pA
cm?, and 0.65 mW cm2, respectively.
Moreover, after 1000 bending cycles, the
output performance of the FTENG retains
94.6% of the initial output performance,
indicating its excellent flexibility. More
importantly, such FTENG is able to
instantaneously power up to 28 and 94
green light-emitting diodes (LEDs) with the
device size of 1 x 3 cm? and 1 x 3 cm?
respectively as shown in Figure 1. These
outstanding results demonstrate that the
PDMS/3D BLG/CC composites are a
promising candidate for flexible high
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performance  and  wearable

harvesting system.

energy

Keywords: Triboelectric nanogenerator, 3D
bilayer graphene, polydimethylsiloxane,
carbon cloth, LEDs, flexible energy

harvesting system.

i

Figure 1: PDMS/ZnO/3D Gr/Ni foam based-
hybrid energy harvester. The open-circuit
voltage and short-circuit current density of
the FTENG during repetitive compressive
motions under the driving frequency of 3
Hz and various compressive forces after
1000 bending cycles.
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Abstract:

In the wide range of magnetic sensor
applications, the thermal stability of sensor
sensitivity is a crucial parameter that must be
precisely controlled to get reliable measurements.
In particular space’, automotive?, and bio-
sensing® applications where the temperature
could strongly varies from 4 K to 473 K.
Therefore, characterization of the magnetic
properties of nano-materials*® give rise to
precious information that could be decisive. Here
we present a novel method to stabilize the
sensitivity of an ultrahigh sensitive planar Hall
effect (PHE) sensor by controlling Zeeman
energy, in a wide temperature range from 110 K
to 360 K. This thermal stability of the sensor
sensitivity has been understood through the keys
physical parameters such as the anisotropic
resistivity, the magnetization easy axis, the
exchange bias field and the coercivity field.

Using this controlling method we optimized the
thermal stability of our PHE sensor down to 0.02
%/K, which is very high thermal stability
compared to others such as a PHE sensor without
any controlling method (0.1%/K); giant
magnetoresistiace sensor sensor (-0.18 %/K) and
an anisotropic magnetoresistance sensor (-0.32
%/K)®.

Control of the high thermal ity stability of mi
sensors towards relevant and accurate applications
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Figure 1. Novel method to stabilize the
sensitivity using Zeeman energy for highly
precise measurements.

Keywords: thermal stabilization, sensitivity,
Zeeman energy.
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Zinc-tin oxide diodes with distinct resistive switching modes:
from RRAM to neuromorphic applications
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Abstract:

For filamentary resistive switching (1D-RS),
defect-rich high-k dielectrics are widely reported
as an optimal choice. However, area-dependent
resistive switching (2D-RS) has been drawing
increased attention lately as it relies on non-
destructive switching events, causing less
device-to-device variations. 2D-RS requires
resistive switching matrices that can change
their resistance globally. For this, amorphous
oxide semiconductors (AOS) are an ideal choice
given, for example, the possibility of
tremendous on/off ratios in thin-film transistors.
Low temperature processing makes this class of
materials an ideal choice for System-On-Panel
architectures and allows the use of inexpensive
flexible substrates. Zinc-tin oxide (ZTO) is a
promising sustainable variant by avoiding
critical elements such as indium and gallium (as
in the conventional indium-gallium-zinc oxide)
while still enabling high performance.*

In this work we present ZTO resistive switching
diodes produced without thermal treatment. This
devices can operate in distinct modes depending
on the voltage polarity applied during memristor
device initialization: conventional 1D-RS
operation is achieved when the device sets
(switches ON) in the reverse polarity of the
diode, Figure 1 (a). 2D-RS is obtained when set
occurs in forward polarity,Figure 1 (b). Offering
a large memory window, the latter allows
analog control of multilevel cell (MLC)
operation, Figure 2. Such characteristics can
emulate the behavior of the human synapses
which is essential for  neuromorphic
computating applications.

Keywords: resistive switching, zinc tin oxide,
low-temperature  electronics,  neuromorphic
computing, artifical synapse.
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Figure 1: Endurance of ZTO memristors set in:
(a) reverse polarity, (b) forward polarity.
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Figure 2: Gradual set process in forward bias
with 1 ms pulses using pulse intervals of 4 ms
and 015 ms. (Vpulse = '2 V)
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Abstract:

Looking at the actual technology development,
we are facing an increasing demand for smart
and multifunctional surfaces on all sorts of
objects and shapes. With this, flexible and
transparent electronics is being pushed to
unprecedented performance and integration
levels.! Thus appears the necessity for a new
generation of materials combining
sustainability, low dimensions and still a wide
range of properties compatible with its
application on transistors, memories, sensors or
even energy-harvesting components. For this
end, indium-free  multicomponent  oxide
nanowires (NWSs) such as zinc-tin oxide (ZTO)
are some of the most promising material
systems for an upcoming generation of
sustainable yet high performing transparent
nanoelectronics.

Being a ternary oxide ZTO is a multifunctional
material, which can crystallize in Zn,SnO. and
ZnSn0; phase, with different types of structures
being possible for each phase. Consequently,
due to their different properties each type of
structure for this material has a wide
applicability in for example photocatalysis,
nanoelectronics, sensors and energy harvesting.
And this work presents these applications using
different ZTO nanostructures (Figure 1).

The nanostructures were produced by a seed-
layer  free  hydrothermal  synthesis  at
temperatures of only 200 °C.23 Nevertheless,
the results obtained for the different applications
show the similarity of the properties of these
nanostructures when compared with the ones
produced by vapor phase methods (at high
temperatures). Moreover, the hydrothermal
method used here proved to be a low-cost,
reproducible and highly flexible route to obtain
multicomponent oxide nanostructures, namely
Zn,SnO4 nanoparticles and ZnSnOs nanowires
(with length = 600 nm).

Keywords: ZTO, Zn>Sn0q, ZnSn0Os,
nanostructures, nanoparticles, nanowires.
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Figure 1: Several applications of ZTO
nanostructures produced by hydrothermal
synthesis.
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The Electrical Transport Characteristics of Ag-NP/n-Si nano
Schottky Diodes using Conducting Atomic Force Microscope
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Abstract:

Recently, the miniaturization of semiconducting
devices is intensively investigated to achieve
higher density devices as well as to reduce the
power consumption in production lines. Further
reduction to the feature size of devices has
required the use of photolithography and
electron beam lithography. Also monodispersed
NPs (NPs) on a substrate can provide an
excellent platform for the fabrication of such
devices in nanoscale as well as allowing lower
power consumption. The unique properties of
NP as compared to their bulk counterpart
validate them promising candidate for the next
generation of high-speed nanoscale devices.

The previous works on the Schottky diodes are
mostly based on devcies with a large contact
area between metal and semiconductor
interfaces. These studies did not investigate the
effect of nanojunctions on the electrical
characteristics. Therefore, a detailed
investigation and understanding of Schottky
diodes in the nanoscale regime is needed to be
studied throughtly.

In order to investigate the localized behavior of
nano Schottky diode [1-2] we performed the
electrical characteristics of Schottky device by
means of conductive atomic force microscope
(CAFM). The Schottky diodes are realized by
approaching gold coated tip (Au-tip), with 30-
40 nm radius, on the surface of n-Si substrate.
The diode characteristics are also extracted by
placing a silver (Ag) NP, with a 5-7 nm radius,
between the Au-tip and n-Si substrate.

The Ag NPs are dispersed on the HF cleaned n-
Si substrate by spin coating method. The nano-
Schottky diode characteristics are carried out in
the nanoscale stacking of Au-tip/n-Si as well as
in Au-tip/Ag-NP/n-Si. During all electrical
measurements the bias voltage is applied on the
substrate while the CAFM tip is kept at a virtual
ground as shown in Figure 1a.

The tapping mode topography of AFM revealed
that the NPs are monodispersed on the substrate
and the size of NPs are confirmed as ~5 nm in
radius from the height tracing of the surface
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(Figure 1b). From the electrical characteristics
of the devices, as shown in Figure 1c, we
inferred that the enhanced reverese bias current
for Au-tip/Ag-NP/n-Si device is higher than that
of Au-tip/n-Si, this is primarily due to enhanced
tunneling [3]. During the tunneling process the
Ag-NP allows more band bending at the Ag-
NP/n-Si interface, due to electric field
enhancement on the surface of the NP. Whereas,
the forward biased current was lower in case of
the Au-tip/Ag-NP/n-Si stacking device. This is
due to the fact that electrons face a dual
junction, the n-Si/Ag-NP and Ag-NP/tip
junctions, which naturally creates greater barrier
for the flow of electric current. The electrical
characteristics and the insets of AFM
topography and energy band structure of the
measured junctions are shown in figure 1.

Keywords:  Nano-Schottky  diode, band
bending, Ag-NPs, CAFM.
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Figure 1. a) AFM schematics for electrical
measurement setup. b) AFM topography of Ag-
NPs on n-Si substrate. ¢) The IV characteristics
for both junctions. Black solid curves
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correspond to tip/NP/n-Si junction and red
dotted curves correspond to tip/n-Si junction.
The inset figure shows the corresponding
energy bad diagram at reverse bias for both
junctions highlighting the barrier narrowing due
to the NP.
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Light-Trapping Modes in Lossy Plasmonic Waveguides

Syed Muhammad Anas Ibrahim, Kyoung-Youm Kim”

Department of Optical Engineering, Sejong University, Seoul 05006, Korea

Abstract:

Achieving slow light has been a topic of great
interest for researchers for the past few decades.
Many techniques have been proposed based on
the use of photonic crystal nanocavities, tapered
waveguides, cold atomic gases, and
metamaterials. Recently, slow light propagation
or trapping of light via the light-trapping modes
in plasmonic waveguides has been studied
extensively. In lossless plasmonic waveguides,
we can obtain such a light-trapping mode
(whose group velocity approaches zero) when
the overall power flow of a mode is reduced to
zero (there are two opposite power flows inside
the waveguide). However, it was shown that
lossy plasmonic waveguides cannot support
light-trapping modes. This conclusion was
derived from the analysis adopting a complex
wave vector to take metallic loss into account.
In this work, we analyze the light-trapping mode
in lossy conditions using an alternative approach
which adopts a complex frequency. We show
that (1) light-trapping modes can exist even if
there is metallic loss and (2) their overall power
flow is no longer reduced to zero as in the
lossless case. We expect that these light-
trapping modes will pave way for many
applications in nanotechnology.

Keywords: waveguide, waveguide mode, slow
light, trapping of light, plasmonics, plasmonic
waveguide.
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Figure 1: Group velocity of (a) antisymmetric
plasmonic modes in an MIM waveguide and (b)
symmetric modes in an IMI waveguide. Solid
and dotted lines indicate that the corresponding
modes are forward and backward, respectively.
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Multi-scale Defect Mechanics for Reliability of High Performance Electronic
Devices in Radiation Environments
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Department of Mechanical Engineering, State University of New York, Korea

Abstract:

One of the many technical challenges of running
a satellite in orbit comes from dealing with the
harsh radiation environments of outer space.
Specifically, electronic devices exposed to
radiation degrade their performance over time,
and in other cases cause unwanted transient
events that alter or even destroy the function of
the device. This research is specifically
interested in analyzing the radiation conditions
of a CubeSat placed in Low Earth Orbit, where
trapped protons from the Van Allen belt are the
main source of radiation [1]. Knowing the
radiation environment includes finding proton
flux data at various energy levels mapped out in
a diagram using a software called SPENVIS
(Space Environment Information System).
Afterwards, a particle simulation program called
GEANT4 was used to simulate the interaction
of moving protons to a semiconductor device
and calculate how much energy was deposited
into the medium at various points in space
(Figure 1) [3]. The test was done at various
proton incident energy levels that represents the
radiation environment and with two types of
shielding to see the effect it has on its ability to
absorb the radiation or redirect its path. The two
models are an aluminum plate and an arbitrary
CubeSat model chosen from the internet. With
the energy deposition data obtained from
GEANT4, this can then be used as reference to
see the effectiveness of the shielding from
CubeSat and possibly quantify the three effects
of radiation that serves as a basis to aid the
further steps found in RHA.

Keywords: energy deposition data, radiation
conditions, GEANT4, shielding, satellite
systems
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Vacuum Space

Figure 1: GEANT4 simulation of particles
through an aluminum shield and high electron
mobility transistors (HEMTS) [3]
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Compositional and Microstructural Engineering of Transition
Metal Phosphides for Improved Electrocatalytic Performance

Lifeng Liu,” Junyuan Xu

YInternational Iberian Nanotechnology Laboratory (INL), 4715-330 Braga, Portugal

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 scarce noble metal catalysts.

In this talk, 1 will present our recent efforts
towards compositional and microstructural
engineering of transition metal phosphide
(TMP) electrocatalysts, with an aim to improve
their electrocatalytic performance for hydrogen
and/or oxygen evolution reactions (HER &
OER). | will showcase three examples: 1)
Trends in the OER activity of TMP
nanoparticles [1]. 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. 2) RuCoP nanoclusters showing superior
HER performance in alkaline solution [2]. The
RuCoP clusters were prepared by wet chemical
reduction of metal cations followed by a low-
temperature phosphorization treatment. When
used to catalyze the HER, they show
exceptional activity with a very low
overpotential () of 23 mV to reach -10 mA cm
2 and a high turnover frequency (TOF) value of
3.85 st at # = 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. Theoretical calculations also
show that the adsorption energy of —OH on
RuCoP is lower than that on pristine Ru clusters
and that water dissociation happens on RuCoP
more easily, both contributing to the
improvement of HER activity. 3) Hollow CoP

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

octahedron (OCH) nanostructures with well-
defined exposed crystal facets [3]. 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 intrinsic  electrocatalytic
performance for the OER, substantially
outperforming CoP nanospheres without any
preferentially exposed facets.

Keywords: transition metal  phosphide,
electrocatalysis, water splitting, hydrogen
evolution reaction, oxygen evolution reaction,
composition engineering, microstructure
engineering.
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Recent advances of nanocomposites for radioactive
contaminants removal from nuclear wastes and beyond
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Abstract:

After the Fukushima Daiichi Nuclear Power
Plant disaster in Japan in 2011, the demand
drastically increased for efficient technology for
the removal of radioactive contaminants. Many
researchers have suggested using physical
adsorption methods to remove radioactive
contaminants from contaminated environment.
For example, polymers, nanocomposites, and
clay have all previously been investigated for
their capacity to remove radioactive cesium
through the interaction between the negatively
charged surfaces of naturally occurring
adsorbents and the positive charge of radioactive
cesium. However, these adsorbents cannot be
used to treat contaminated water in a real, open
environment because there is no easy way to
collect the adsorbents after they are used. In
particular, adsorbents can cause blocking
phenomena, which could be addressed by
encapsulating the adsorbents with suitable
modification that could alleviate the clogging and
resolve the post-treatment separation problem.
Therefore, novel solid absorbents are needed to
allow easy separation of the materials from the
contaminant environment to prevent secondary
contamination. In my talk, recent efforts in our
research group, utilizing both organic and
inorganic composites safe design and fabrication
to aiming at removing radioactive contaminants
from environment. And | will introduce new
challenges of key issues to such novel
nanocomposites based on recent advances for
environmental applications.

Keywords: nanocomposites, radioactive
contaminants, nuclear energy, nuclear wastes
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Photocatalytic Activity of Nanostructured ZnO for Water Purification
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Abstract:

Drinkable water is a precious and limited
resource. With the ever-increasing human and
industrial needs, it becomes more and more
necessary to find new cheap, environmental
friendly and efficient ways to refine industrial
and urban wastewaters, ensuring the availability
of clean drinkable water in the future. The
semiconductor-based photocatalysis is a well-
known and efficient process for achieving water
depollution, with very limited rejects in the
environment. Metallic oxides, such as ZnO, are
excellent photocatalysts [1,2], able to mineralize
a large scale of organic pollutants in water,
under UV irradiation that can be enlarged to
visible range by doping nontoxic transition
metal elements such as Ag and Fe [3]. With
high surface/volume ratio, the nanostructured
ZnO shows enhanced photocatalytic efficiency
(Figure 1). ZnO nanostructure is also a
promising candidate in microfluidic application
for their easy-controllable synthesis and
integration in a microfluidic system (Figure

2)[4].
Keywords: ZnO nanostructures, photocatalysis,
water purification, doping, microfluidics.
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Figure 1: Photo-degradation of Methyl Orange
(MO) solution under UV illumination: ~ 100%
degradation rate of MO has been achieved for

1-3% mole Fe-doped ZnO NWs.
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Figure 2: Microfluidic device with integrated
Zn0O nanostructure.
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Strategy of functionalization for micropollutants electrochemical
detection
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Abstract:

The monitoring of ground and surface water
quality showed many aquifers contamination by
a lot of micropollutants. It is therefore crucial to
develop rapid, sensitive and selective analysis
methods for the in-situ monitoring of these
pollutants in real-time in order to be able to
implementate the WFD of European Union [1-
2].

ICMN Laboratory’s activities in the field of the
environmental metrology are focused on the
development of electrochemical sensors based
on functionnalized carbon materials, to detect
electroactive micropollutants in aqueous media.
Electrochemical sensors have to possess
physicochemical properties to allow sensitive
and  selective  measurement of  water
micropollutants but also reliability, stability,
robustness for in-situ analyses. This presentation
will deal with the different strategies of
functionalization adopted to develop organic
and metallic micropollutant sensors: such as
electrochemical ~ grafting or  molecular
imprinting electro-polymerization. The results
obtained regarding the electrochemical detection
of pesticides (figure 1), polycyclic aromatic
hydrocarbide (PAH) and metallic cations will be

shown.
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Figure 1: The procedure that describes how a
molecularly imprinted polymer sensor works
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involving different steps:

1. Electropolymerization of monomer,
2. Template extraction (removal),

3. Adsorption process (rebinding),

4. Electrochemical detection.

Keywords:  Micropollutants  analysis
Isoproturon ; HAP ; Electrochemical detection;
Environmental monitoring ;  Molecularly
Imprinted Polymer (MIP) ; electrochemical
grafting .
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Carbon dots’ photoluminescence technique to detect total

Chromium in industrial wastewater
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Abstract:

Carbon nanomaterials namely carbon dots
(CDs) have drawn much attention in recent
years with their wide range of applications.
These CDs basically have sizes below 10 nm
and consist of sp? hybridized carbon with
crystalline or amorphous core and an oxidized
carbon surface with large number of carboxyl (—
COOH) groups. One of the most significant
characteristics of CDs is their ability to show
photoluminescence property when excited with
light of a particular wavelength. The quenching
of the photoluminescence of the CDs can be
very much useful to sense the presence of heavy
metals in a water bodies. In this work, we report
the synthesis of photoluminescent CDs from
indigenous potato sources by simple heating
reaction to detect chromium ions in industrial
wastewater (Figure 1). The presence of -COOH
functional group was confirmed by FTIR
characterization. These carboxylic acid groups
are actually responsible for their extraordinary
water-solubility. The X-ray diffraction (XRD)
spectra confirmed the amorphous nature of the
synthesized CDs and also these CDs exhibited a
guantum vyield (QY) of 6.08%. The quenching
of photoluminescence of thus synthesized CDs
was utilized to develop a sensing probe for
detection of total Chromium in industrial
wastewater (Tannery wastewater) in the form of
Cr®*. Initially the sample of Tannery wastewater
was diluted with DI water (1:1) and then the
diluted solution was treated with H,O, followed
by UV-exposer to oxidise Cr® into Cr®" inos.
The proposed method is able to detech the
chromium concentration even lower than 0.1
uM.

Keywords: Heating reaction, Carbon dot,
Photoluminescence, Quenching of
photoluminescence, Quantum yield, Chromium
detection.
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Figure 1: Figure explaining the overall process
of synthesizing CDs from potato by simple
heating reaction and the use of theis CDs as a
sensing probe to detect total chromium ion in
industrial wastewater (Tannery water) by

utilizing the property of quenching of
photoluminescence of CDs.
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Preparation of a Floating Photocatalyst-adsorbent Composite via
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Supinya Nijpanich®*, Takeshi Hagio?, Yuki Kamimoto?, Ryoichi Ichino®?

1 Nagoya University, Department of Chemical Systems Engineering, Nagoya, Japan
2Nagoya University, Institutes of Innovation for Future Society, Nagoya, Japan

Abstract:

Wastewater generated from daily activities,
hospitals, industries contains plenty of organic
pollutants which cannot be easily decomposed
in nature. These organic pollutants have an
adverse effect on plants, animal and human.
Various processes have been applied to purify
the wastewater before disposal to the nature
source, such as adsorption process, o0zone
degradation and photocatalysis. Adsorption
process has been attracted interest since it does
not generate the secondary waste, while
photocatalysis is a green technology for
treatment of environmental organics pollutants.
However, adsorption suffer from saturation and
photocatalysts do not have the ability to attract
the pollutants to decompose. Furthermore, the
conventional adsorbent and photocatalyst are
normally available in powdery form which still
present some lacks such as difficulty in
separation after treating process. In the present
work, we report the incorporation of two
processes, adsorption and photocatalysis, for
preparing a floating photocatalyst-adsorbent
which can be easily separated and also directly
contact with the UV source enhancing the
photocatalytic performance of material (figure
1). Silicalite-1, which is a siliceous MFI-type
zeolite, was chosen to be an adsorbent in our
work due to its high hydrophobicity proficient
to adsorb the organic molecules contaminated in
wastewater. Firstly, silicalite-1 was crystallized
on a hollow glass microsphere and then the TiO;
precursor was introduce to deposit TiO2 on the
surface. The optimum condition to prepare the
floating catalyst-adsorbent composite was
investigated. The preliminary study on the
adsorption-photocatalytic performance was done
by methylene blue experiment under ultraviolet
irradiation. It was found that the prepared
floating  photocatalyst-adsorbent  composite
could degrade the methylene blue via adsorption
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of the molecules on the surface follow by
degradation through photocatalytic reaction.
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Figure 1: Figure illustrating the adsorption and
degradation mechanism of the floating
photocatalyst-adsorbent for organic molecules
removal in wastewater.
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Abstract:

Shortage of potable water is one of the main
challenges faced by many countries across the
world where seawater desalination has become the
key approach in addressing the issue due to the
abundance of seawater. Recently, capacitive
deionization (CDI) has emerged as a promising
technology for desalination that has a high
recovery rate with the ability to remove a wide
range of ionic contaminants and benefits in terms
of energy efficiency and cost effectiveness. In CDI,
particles with opposite charges are adsorbed into
two electrodes under the effect of an external
electric field. These electrodes are made from
porous materials and the process -efficiency
depends on the characteristics of the materials.
Graphene (GE) has excellent properties in terms of
its high electrical conductivity, surface area,
mechanical stability and chemical inertness, thus
has been identified as an exceptional choice for
CDI. Using molecular dynamics simulations, this
study reports the effect of electric field and surface
morphology of corrugated GE layers on their CDI
process. Deionization performances are evaluated
in terms of water flow rate and ion adsorption and
explained by analysing the water density
distribution and radial distribution function.
Simulation results reveal that corrugation of GE
layers reduces the water flow rate but largely
enhances the ion adsorption in comparison to the
flat GE layers. Such enhancement is mainly due to
the adsorption of ions inside the GE layers as a
result of anchoring effect at the regions with wide
interlayer distances. Moreover, it reveals that the
entrance configuration of the GE channel also has
significant effect on the performance of
deionization. Overall, the results from this study
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will be helpful in designing effective electrode
configurations for CDI.

Keywords: Graphene, Nanochannels, Capacitive

deionization, Water Desalination, Molecular
dynamics simulation.

S
Electric Field

Figure 1. (Left) Schematic of the simulation
model. (Right) lon distribution inside the channel.
Cyan, grey and red colours represent carbon,
oxygen and hydrogen atoms, respectively. The
sodium and chlorine ions are represented by
yellow and green colours, respectively.
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Smart micro and nano sensors for ambient air quality monitoring

F. Udrea

Engineering Department, Cambridge University, Cambridge CB2 1PZ

Abstract

The sensor field has seen tremendous changes in
the last decade. The traditional large and bulky
devices have been largely replaced by a new
class of low power, ultra-small size sensors
with higher sensitivity, higher selectivity and
often controlled by sophisticated ASICs. This
talk covers the concepts and the development of
micro and nano sensors in environmental
monitoring. In  particular the case of
miniaturised gas sensors using chemical and
optical techniques for ambient air quality
analysis will be highlighted. Finally the talk will
give an example of a University spin off
company in this field. The talk will finish with
an outline of the challenges for the ambient air
guality future and a vision of different
technologies for the next 10 years.

Keywords: smart gas sensors, gas sensors, air
quality sensors, optical sensors
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Durability study of the photocatalytic efficiency of Fe and Ag-
doped ZnO nanowires
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Abstract:

Water is a widely-used liquid, in the industry or
in everyday life. Being essential for living beings
in general, and humans in particular, maintaining
clean water supplies is vital to the perpetuation of
the environment and to human health.
Photocatalysis is a promising process for water
depollution, as it is an easy, efficient, low cost
and sustainable way for the degradation of
organic pollutants from urban and industrial
effluents. Among all the photocatalysts, ZnO
nanowires have attracted particular attention with
their high efficiency under UV-light! and their
biocompatibility. The last obstacles for the use of
Zn0O nanowires under visible-light are their large
band-gap (3.37 eV) and their high electron-hole
recombination rate.

To enhance the photon absorption by the ZnO
nanowires, thus their photocatalytic efficiency,
transition-metal doping has proven its
efficiency?. In this work, we investigated the Fe
and Ag-doping effect on the photocatalytic
efficiency of supported ZnO nanowires
hydrothermally grown on Si-wafers. The dopants
elements Fe and Ag were chosen by their
environmentally-friendly feature.

The samples where doped with different
concentrations of each metal (from 1 mol% to 3
mol%) and tested on the photocatalytic
degradation of a model organic molecule: Methyl
Orange (MO), an organic dye widely found in
textile industry wastewater, reputed as one of the
most difficult to degrade compared to the other
dyes such as Methyle Blue (MB) or Acid Red 14
(AR14). Every photocatalytic experiment was
performed for three hours, this being the time
needed to attain a quasi complete dye
degradation with all the doped-samples during
the first experiments.

The reproducibility of our results and the
durability were tested by re-using our samples for
several successive identical experiments, with or
without annealing between each photocatalytic
experiment.
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As shown in Figure 1, all of our doped samples
showed better efficiency than undoped ZnO, and
the Ag-doped samples exhibited very good
reproducibility, as well as excellent durability
even without in-between-experiments-annealing.
For the Fe-doped samples, even with an
annealing between the photocatalysis, the
efficiency decreases over time. The annealing
only allows to lessen the decrease. This effect
seems more proeminent for the higher doping
concentrations,  especially the  3%-doped
samples.

Keywords: ZnO, Nanowires, Doping, Transition
metal, Photocatalysis, Organic dyes degradation,
Water depollution, Reproducibility.
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Figure 1: Mean reproducibility results of Fe and
Ag-doped ZnO nanowires with and without
post-photocatalysis annealing, compared to
undoped ZnO efficiency.
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Novel FeVO,4/BiOClI Nanocomposite for Efficient Photocatalytic
Dye Degradation and Cr(VI) Reduction Under Visible Light
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Abstract:

Heterogeneous photocatalysis is an efficient
method for the oxidation of a variety of organic
compounds as well as for the reduction of toxic
metals from aqueous solutions. Herein,
photocatalytic oxidation of organic dyes
(rhodamine B and methylene blue) and
reduction of Cr(VI) by a novel FeVO4/BiOCI
nanocomposite under visible light irradiation
were reported for the first time. Results showed
that the amount of FeVO, remarkably
influenced the photocatalytic activity of the
FeVVO4/BiOCI nanocomposites. The
FeVVO4/BiOCI nanocomposite with 6.25%wt of
FeVO, exhibited the highest photocatalytic
activity; 99.8% and 87.2% of the RhB and MB
degraded within 360 min, respectively.
Moreover, the 6.25%wt-FeVO4/BIiOCI also
possessed an excellent activity in the
photocatalytic reduction of Cr(VI) in acidic
solution. This photocatalyst potentially reduced
97.8% and 85.5% of Cr(VI) at solution pH
values of 3 and 5, respectively. Based on the
results from UV-vis DRS, photoluminescence,
XPS, and active species trapping experiments, a
synergistic mechanism between FeVO, and
BiOCI nanoparticles for the improved
photooxidation of rhodamine B was proposed
(Figure 1). The improved photocatalytic activity
could be ascribed to the increased absorption in
the visible-light range and the enhanced charge
separation efficiency at the interface of FeVO,
and BiOCI nanoparticles. The FeVO./BiOCI
photocatalyst fabricated herein is being further
evaluated by removing other pollutants and has
great potential in wastewater purification.

Keywords: FeVO4/BIiOCI; nanocomposites;
photocatalytic activity; visible light
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Potential (V) vs. NHE

Figure 1. A synergistic mechanism between
FeVO, and BIiOCI nanoparticles for the
improved photooxidation of rhodamine B.
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Enhancement of Photocatalytic Dye Degradation and Hydrogen
Evolution of a Z-scheme Bi;WOgs/ZnIn,S, Composite
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Abstract:

In this research, Bi;WOs/ZnIn,S, composite was
synthesized by a facile modified wet-
impregnation  method  for  photocatalytic
degradation of organic compounds (salicylic
acid and methylene blue) in aqueous solutions
and H; evolution. The synthesized samples were
characterized by various techniques, including
XRD, SEM, TEM, UV-vis DRS, XPS and BET
methods. Effect of weight percentages (%wt) of
the Bi;WOg in the Bi;WOe/ZnIn,S, composite
on the photocatalytic activity was investigated.
The Bi;WOes/ZnInySs composite with 12.5 %wt
of Bi;WOs exhibited the highest photocatalytic
degradation activity of the organic compounds,
where 71.9% of salicylic acid and 98.6%
methylene blue were degraded after exposure to
LED light for 300 min. Moreover, the optimal
12.5%wt-Bi,WOQOes/ZnIn,Ss sample was capable
of producing 7.91 pmol of H, after 180 min.
The stability and reusability tests for hydrogen
production were evaluated for practical
applications. A direct Z-scheme charge
transportation process between ZnIn,Ss and
Bi;WOs contact interface was revealed by the
optical analyses and the radical trapping
experiments. The enhanced photocatalytic
activity of the Bi,;WOs/ZnIn,Ss photocatalyst
was due to the increased ability to absorb visible
light, and the enhanced charge separation and
transportation between Bi;WOQOs and Znln,Ss
through the Z-scheme mechanism. The
Bi.WOQOes/ZnIn,S4 composite is a promising
photocatalyst for treating organic pollutants in
wastewater and producing hydrogen gas from
water splitting.

Keywords: Bi;WQOs/Znln,Ss; heterostructure; Z-
scheme; visible light
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Application and Characterization of Polyethylene-Blended
Polystyrene Nanofibrous Sorbents in the Removal of Crude Oil
Spills
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Abstract:

The combined advantage of polymer blends
enables them to be generally identified to have
enhanced properties over their respective
pristine polymers. In the current work,
hydrophobic polymers blends were prepared,
characterized and evaluated for their efficiency
in the removal of crude oil spills from aqueous
media. The matrix polymer used is Polystyrene
(PS), while polyethylene (PE) was blended with
PS with proportions of 5-20 wt%. As shown by
their scanning electron micrographs, blends
were electrospun into beaded-free microfibers
with interconnected porosities. The presence of
PE increased the hydrophobicity of the blends’
fibrous sorbents fabricated afterwards. Upon
investigating their efficiency in the removal of
crude oil spills, PE-PS blends showed superior
sorption capacities when compared with pure PS
blends’ fibrous sorbents. The currently made
fibrous sorbent were highly superior showing 5
times higher sorption capacity compared with
commercially available polypropylene crude oil
fibrous sorbent. These results indicate the
potential of using fibrous sorbents made of PE-
PS blends as sorbents for the removal of rude oil
spills.

Keywords: polymer blends, polystyrene,
polyethylene, electrospinning, crude oil
sorption, nanofibrous sorbents
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Figure 1: Figure illustrating the scanning
electron micrographs of PE-PS fibrous sorbents
containing 5 wt% (a,d), 10 wt% (b,e) and 20
wit% (c,f) of each of the additives.
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Nickel-Alumina and Zinc-Alumina Aerogels: Powerful Highly
Porous Adsorbents for a Broad Spectrum of Toxic Effluents
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Abstract:

The numerous toxic effluents discharged
nowadays in waterways from various sources
without any prior treatment could seriously lead
to several environmental and health problems.
Among others, organic dyes, toxic metals, and
inorganic anions represent major categories of
these water pollutants. Although multiple
physical, chemical, and biological processes are
widely used to treat any contaminated water
body, the physical adsorption at the solid-liquid
interface remains as one of the easiest, efficient,
and economically interesting technique since it
does not require too much expertise by the end
user when it comes to its implementation in
wastewater treatment plants. We report herein
the first use of alumina and metal-substituted
alumina highly porous aerogels as adsorbents
for these pollutants from wastewater. These
highly porous materials were obtained via a fast
and easy epoxide-initiated sol-gel process and
dried under supercritical carbon dioxide
conditions. The aerogels were later calcined at
different temperatures and the effect of
calcination on the chemical, structural, and
surface properties of the aerogels was evaluated.
The aerogels were texturally and structurally
characterized before being tested for the
removal of various azo-dyes and inorganic
anionic species from simulated wastewater,
where the effect on adsorption of the substitute
metal, pH, temperature, calcination, and initial
adsorbate concentration were investigated. The
results revealed the outstanding potential of
these aerogels for water remediation. We found
also that the substitution of alumina by some
other metals boosts the adsorption capacity of
the aerogel. These materials showed higher
adsorption capacities than most of the
adsorbents reported in literature. For instance,
the maximum monolayer adsorption capacity of
Congo Red on nickel-substituted alumina
aerogels was calculated to be 1660 mg.g™. A
full thermodynamic and kinetic study was
performed on these adsorbents.
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Biosynthesis of Clusters and Nanoparticles by extracellular

electron transfer-capable bacteria and their application in catalysis
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Abstract

The rising demands of global energy,
environmental pollution from fossil fuel burning,
depletion of fossil fuels, pressurize the scientific
community to develop low-cost and efficient
renewable energy technologies. Chemical
method is the most commonly used for the
synthesis of metal nanoparticle catalysts.
However, this approach results in low yields, it is
unsustainable, and generates large amounts of
hazardous wastes. To overcome this situation, the
biological approaches, which make use of
renewable resources like bacteria, fungi, and
plant extracts as source for reduction of metals,
paves a clean and alternative route to traditional
physical and chemical methods.

In this work, Geobacter sulfurreducens serves as
the biological component to produce noble metal
nanoparticles via reduction of metal precursors
for electrocatalytic applications. For example
monodispersed platinum cluster/nanoparticles
are synthesized using, Geobacter sulfurreducens
as a reducing agent (Figure 1). For
electrocatalytic applications, we in-situ reduced
graphene oxide on the surface of bacteria to
confer a conductive surface. We performed
detailed physicochemical characterizations to
know the metal concentrations, visualize the
metal nanoparticles and evaluated their
electrochemical performance towards oxygen
evolution reaction (OER) and hydrogen
evolution reaction (HER). Moreover, these
catalysts could be applied in wastewater
treatment to catalyze the electrolysis of toxic
organic wastes. This study will allow us to
produce  through biological synthesis
electrocatalytic nanoparticles following the
principles of green chemistry and will have the
potential to substitute traditional catalysts.

Keywords:  noble  metal  nanoparticles,
electrocatalysis, Geobacter sulfurreducens,
reduced graphene oxide, oxygen evolution
reaction, hydrogen evolution reaction, biological
synthesis, green chemistry.
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Figure 1: Transmission electron microscopy
image of Geobacter sulfurreducens/Pt hybrid.
This figure shows well dispersed platinum
nanoparticles of 2-3nm of diameter in the outer
membrane of Geobacter sulfurreducens.
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Atomistic simulation of water pumping and desalination process
through carbon nanotubes using Rayleigh traveling waves
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Abstract:

A nanopumping method proposed for simple
atomic gases in our previous paper [1] was
further applied to a system containing water
molecules and salt ions. Hydrated ions have a
bigger mass than water molecule that can
prevent ions from pumping through CNT under
surface acoustic waves.

Water molecules can pass through tube at very
high flow rates due to smooth and hydrophobic
inner walls of CNTs. By applying various
Rayleigh wave frequencies, an optimal salt
rejection and high water flow rate mode have
been obtained. The new water pumping concept
seems to be more energy efficient than that
based on a traditional reverse 0smosis
desalination via 2-dimensional membranes.
Atomistic modeling and simulation of
nanofiltration process was carried out using
large scale atomistic/molecular massive parallel
simulation (LAMMPS) software package [2].
Armchair CNTs with chirality (10, 10), lengths
(102-10* A) and radius of 13.5A were used for
simulation. TIP3P water potentials used for
modeling water moleculaes and salt ions Na*
and CI° were used for modeling water
desalination process under the Rayleigh waves
(Fig. 1). CHARMM interatomic potentials were
used for salt ions, with cutoff potential radius
10A. Electrostatic interactions were described
by Ewald summation method [3]. An NVE
ensemble was used to solve the equations of
motion.

The traveling waves ranged was from 1 to 50
THz, with periodic conditions along the Z axis.
The water flow rate and velocities were
calculated and compared with the results of
other pumping methods [4, 5].

Keywords:  CNT,  water  nanopumping,
desalination, surface acoustic wave, LAMMPS.
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Time = | ns
Figure 1. Process of water transportation in
CNT actuated by surface acoustic wave after 1
ns.
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Figure 2. Comparison of our results with other
works [4, 5].
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Abstract:

Experimental results and finite element
modeling were presented on water actuation via
a sub-millimeter thin tube by surface acoustic
waves (SAW). Basic principles of water
actuation techniques for water transport in
micron scale tubes are discussed. In experiment,
the tube walls were exposed the frequency of
acoustic waves of 27 kHz that showed a
substantial increase in the flow rate of water and
fountaining at a resonant  frequency.
Experimental observations of acoustic streaming
and pumping effects via sub-millimeter tubes
were confirmed by numerical finite-element
simulations of water flows under acoustic
waves.

It was observed that for the same values of the
immersion depths of the tubes, the water level
increased with the decreasing of the tube
diameter. For the full range of diameters there
was a local maximum of water level at the
immersion depth.

As input data in the simulation model, the
following parameters were specified: a
frequency of the wave, sound speed in water,
the radius of the tube; and the density of liquid.
The flow rate and the mean flow velocities in
the inlet and outlet openings were evaluated in
the calculations and compared with experiment.
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Magneto-Plasmonic Nanoparticle Based-Approaches for Cancer
Treatment: Therapy and Biodegradation

A. Abou-Hassan

Sorbonne Université, CNRS, Physico-chimie des Electrolytes et Nanosystémes Interfaciaux, F-75005
Paris, France

Abstract:

The use of multi-functional therapeutic
modalities in a single nanostructure has become
an important and promising strategy to
combined tumour targeted-therapy and imaging,
which offer great promise for the future of
cancer prevention, diagnosis and treatment.
Moreover, these multi-approaches can also offer
new insights to overcome limitations of current
cell therapies tools. Thermal nanotherapies
are non-invasive approaches for tumor ablation,
where localized heat generation is mediated by
magnetic and photothermal nanomaterials.
However, the intended therapeutic application
requires optimal heating efficiency in the
intratumoral  environment, where cellular
confinement effects play an important role in the
final heat-generating performance. Here, we
proposed combined therapeutic approaches
based on nanothermal treatments and
photoactivatable therapies combined on a single
magneto-plasmonic nanohybrid. We show that
heating is cumulative when combing both
modalities into a single nanohybrid and the
efficiency is maintained even in Vivo.
Moreover, as one of the most challenging issues
of tomorrow’s nanomedicine is the long-term
fate of nanomaterials once they have completed
their mission in the biological environment. We
have investigated the intracellular
biotransformations of these nanomaterials
through the study of their physical and chemical
modifications at the nanoscale over the time in a
3D tissue model. We demonstrated clearly using
microscopic metrics correlated at the nanoscopic
level by other analysis methods the shielding
effect of gold protecting iron oxide cores from
biodegradation.

Keywords: magneto-plasmonic nanohybrids,
magnetic hyperthermia, photothermal therapy,
bimodal therapy, cellular degradation
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Figure 1: TEM and STEM-EELS maps during
the degradation of the magneto-plasmonic iron
oxide@Au nanohybrids on day 27 inside
endosomes.
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Aerosol dynamics and dispersion modelling for workplace
nanoparticle exposure

Miikka Dal Maso®”, Alexander Christian @sterskov Jensen?, Niko Leskinen?, Ismo K Koponen®

1 Tampere University, Aerosol Physics Unit, Tampere, Finland
2Now at: Scania AB, Stockholm, Sweden
¥Now at: Force Technology, Copenhagen, Denmark

Abstract:

Occupational and environmental exposure to
aerosol particles are much-studied field of study.
Strongly localized particulate matter sources
require careful characterization, and both the
aerosol concentration and size distribution vary
temporally and spatially with the workplace
activities. In many cases, background aerosol is
present which further complicates the picture.
[1]. Adding to such heterogeneous sources,
several aerosol processes such as coagulation,
agglomeration, diffusional deposition, and
gravitational settling affect the evolution of the
aerosol number size distribution in the
workplace. It is also likely that that gas-phase
vapour compounds condense or partition to the
particle phase, changing its composition and
toxicity.

Quantification of aerosol exposure requires
understanding of the particle size distribution,
because deposition to the respiratory system is a
particle size-dependent process. Understanding
the dispersion and dynamic evolution of the
aerosol size distribution once it has been released
requires simultaneous solving of the aerosol
general dynamic equation (GDE)[2] and
dispersion equations. This usually requires
discretization or making some assumptions and
simplifications, for example regarding the
mixing and dilution of the room or its
compartments [3], or using simplifying
parameterizations in the case of particle
coagulation and aggregation [4].

Here, we will present comparisons of different
modelling approaches (Gaussian dispersion[5],
the near field/far field model, and
multicompartment modelling[6], see Fig 1. ) for
workplace sources, and discuss their applicability
for detailed aerosol dynamics modelling and for
estimating both workplace concentrations and
assessment of personal exposure. We will also
discuss methods and model sensitivity to
including particle size information and
conversion between mass, surface, and number-
based metrics.
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Figure 1: Modelling the dispersion of an aerosol.
Top: a single-box model; middle: a two-box
(NF/FF) model; bottom: Gaussian dispersion. S
refers to the source, E and X to air exchange, K
to turbulent diffusion. y and 3 are parameters for
to aerosol dynamics.

We will discuss considerations that should be
made when choosing the modelling approach,
and the sensitivity of the models to different
parameters, especially in case of source
characterization.

Keywords: aerosol modelling,
aerosol, exposure assessment

workplace
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Bio-inspired Single-Molecule Electrical Contacts
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Zotti®
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Abstract:

Bioelectronics is rapidly moving towards
designing nanoscale electronic platforms that
allow in vivo determinations. Such devices
require interfacing a complex biomolecular
moiety as the active sensing unit to an electronic
platform for signal transduction. Inevitably, a
true systematic design goes through a bottom-up
understanding of the structurally related
electrical signatures of such hybrid biomolecular
circuits, which will ultimately lead us to tailor
its electrical properties and exploit them as high
performance bioelectronic devices with a wide
variety of applications in organic electronics,
sensing, biomanufacturing, etc.

In this contribution, we will present our latest
efforts to try to understand and control charge
transport in a single-protein junction. The first
part of the contribution will consist on a quick
survey on how we build electrical connections
with individual molecules between two
macroscopic metal electrodes under near
physiological conditions. Here we will
particularly focused on new methodologies to
trap redox proteins in a tunneling junction in a
more “‘gentle” manner [1,2]. Then the
presentation will move on to the main core
where we will try to show the feasibility to
study charge transport in a single-protein
junction using a simple redox protein model
such as a bacterial blue Cu-Azurin. We will start
showing the main observed electrical signatures
of these systems that make them particularly
efficient in translocating charge as compared to
any other synthetic macromolecular
homologous. We will then move to our latest
results where we start bioengineering the outer
protein surface through point-site mutagenesis
to try to understand the transport mechanisms
through the protein backbone. It is suggested
that such modifications allow us tuning the
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extension of the electrical coupling between the
protein and the metal electrodes [3]. These latest
results are slowly leading us towards paving the
way to rationally design the protein/electrode
communication in a nanoscale hybrid
bioelectronic device. The contribution will
conclude by showing how our novel approach
that might help in the future to understand
complex biomolecular functions such as
enzymatic catalysis. In particular, the concept of
electrostatic catalysis of a well-known coupling
reaction is demonstrated in a single-molecule
junction [4].

Keywords: protein conductance, single-protein
junctions, bioengineered protein wires, transport
mechanisms in redox proteins
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Figure 1: Schematic representation of a single
protein junction of wildtype and mutant variants
of a Cu-Azurin. The charge transport is
modulated from 2-step sequential tunneling to
an off-ressonant coherent tunneling.
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Cleaning, activation and coating nanotechnologies for functional
surfaces in food processing

K. Horn,Y*, M. Frohlich,2, C. Stancu,

LINNOVENT e.V., Technology Development, Jena, Germany
2 Leibniz Institute for Plasma Science and Technology Greifswald, Germany

Abstract:

Food production today is one of the major
industries worldwide. The basis for meeting the
demand for foodstuffs are, in addition to natural
raw materials and processing formulas, suitable
technologies. These technologies are designed
to meet the requirements of good shelf life and
perfect hygienic and health aspects while at the
same time preserving important natural
characteristics of the food. There is a great need
for technologies for the technical design and
care / maintenance of production facilities and
the production environment as well as food
packaging. Product-friendly surface
modifications play an important role and can be
realized by means of atmospheric plasmas,
flame treatment and sol-gel coating. Fine
cleaning and antibacterial treatment as well as
nano-coatings allow e.g. a hygienic production
environment, barrier coatings for corrosion
protection and as gas barrier, easy-to-clean
properties and labeling functionalities (Figure
1). In this study noted technologies incl.
application examples are presented. The focus is
on work within the Surface4Food network and
the CleanBand project, which emerged from the
network. The Network SurfacedFood unites
research institutes, companies and institutions
with the overlying goal of enhancing surfaces in
the food industry production and processing
procedures using innovative surface
technologies to allow for more efficient and
effective cleanability and have a prophylactic
effect against recontamination. The CleanBand
project investigated new possibilities for
antimicrobial surface treatment of conveyor
belts in the food industry (Figure 2). Herein the
focus was on shortening downtimes in
production due to time-consuming and
chemical-intensive cleaning cycles and on the
sealing and antibacterial finishing of customized
cut edges of the conveyor belts to extend the
service life.

Keywords: atmospheric  pressure  plasma,
PYROSIL®, CVD coating, Sol-Gel technology,
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functionalization preparing antibacterial and
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Figure 2: Technical solution for an inline
module to be developed in the project for the
cleaning, disinfection and coating of conveyor
belts.
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Gadolinium-loaded liposome safety: in vitro study in human liver
cells and macrophages
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Abstract:

Gadolinium-based contrast agents (GBCA) are
extensively used for magnetic resonance
imaging. Gadolinium is chelated in relatively
stable complexes, and thus believed to be non-
toxic. However, recently, GBCA have been
shown to induce side effects, such as
nephrotoxicity, neurotoxicity and hepatotoxicity.
Liposomes are studied as potential carriers of
both magnetic resonance contrast agents,
including gadolinium, and drug molecules, such
as trombolytic agents. Therefore, liposomes can
serve as diagnostic as well as theranostic agents
for imaging and treatement of various
pathological states and ilnesses including stroke.
They also

exhibit favourable platform for a new generation
of targeted diagnostic and theranostic systems.
As compared to low molecular gadolinium
complexes, the biodistribution of gadolinium
chelates formulated into liposomes can
significantly differ after their administration to
the patients. Therefore, a more intesive study of
potencial toxiciological effects of gadolinium
formulations on different organs and cell types
including liver cells and immune cells seems to
be necessary.

In this study, liposomes containing PE-DTPA
gadolinium chelator were tested for its potencial
toxicological effects.

The  cytotoxicity of  gadolinium-loaded
nanoliposomes (Gd-L) was tested by neutral red
uptake in human liver cancer Hep G2 cells, liver
progenitor (non-differentiated) HepaRG cells
and HepaRG cells differentiated into two cell
populations,  hepatocyte-like and biliary
epithelial cells, which is a liver model closest to
primary hepatocytes and well established model
for drug-induced human hepatotoxicity studies.
The concentration of gadolinium ranged between
1 uM and 100 uM, and we found no cytotoxicity
up to 72 h. Next, we used complex system of
general biomarkers of toxicity, including
induction of early response genes, heat shock, ER
stress, oxidative stress, and DNA damage
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responses and modulation of xenobiotic-
metabolizing enzymes. Differentiated HepaRG
cells were exposed to Gd-L (total lipid
concentration 25 ug/ml) for 24 h and changes in
MRNA expression were measured by RT-PCR.
Finally, pro-inflammatory effects of Gd-L were
studied. The amount of eicosanoids released
from HepaRG, exposed to Gd-L, into the
cultivation medium was determined by LC/MS-
MS. Activation of inflammasome was detected
using activated THP1 (model human
macrophages).

We did not detect any changes in any tested
parameters, which indicates that Gd-L were not
toxcic to liver HepaRG cells, also, that they not
induce inflammasome activation. In conclusion,
we established a complex system highly suitable
for in vitro identification of major possible toxic
responses  with possible implications in
evaluation of nanosafety.
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Keywords: gadolinium, liposomes, MRI,
nanotoxicity, cytotoxicity, early response genes,
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Fabrication of Layer-by-Layer Bionanocomposite Scaffold for In-
vitro Skin Regeneration after Chronic Burns

F. EI-Shishiny,! W. Mamdouh?*
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Abstract:

Skin burn wounds is a definitive issue that can
affect a patient’s life quality and may drive to
Disability-Adjusted Life-Years (DALYs) and
cause of death in chronic cases. WHO reported
annual global death of 265,000 patients due to
skin burns that often take place in low and
middle-income countries. This study aims to
fabricate novel tri-layered asymmetric porous
bio-nanocomposite that can mimic the natural
skin layers. The upper layer is composed of a
nano-fiborous mat and imitative the skin
epidermal layer and protects against a wide
range of pathogens strains. While the lower
layer is in the form of xerogel and mimics the
skin dermal layer and provides physical support.
Both layers are stick together using effective
natural adhesive material that can keep the
whole fabricated scaffold intact and stable. A
consistent characterization was performed for
each layer individually using specific standard
techniques. Structural morphology was analyzed
using scanning electron microscopy and image j
that revealed the existence of significant pore
distribution among the electrospun and xerogel
layers confirmed by the method of Brunauer-
Emmett-Teller. Chemical and functional groups
of the utilized components were confirmed
using fourier transform infrared spectroscopy.
The innovated scaffold exhibited promising
swelling capacity that appropriates for absorbing
wound exudates, followed by constant
biodegradability over time (P<0.0001). Nearly
98% of the in-vitro induced gap was healed in
the presence of the three scaffold asymmetrical
layers using mouse embryonic fibroblasts. The
innovated  asymmetric  scaffold  reveals
promising  biological features for skin
regeneration after chronic burns with potential
for clinical applications.

Keywords: skin burns, third-degree burns,
wound healing, nanofibers, xerogels,
biocomposite, scaffold, tissue-engineered skin,
tissue culture, biomedical applications.
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Figure 1: Figure illustrating the engineered
design of tri-layered asymmetric porous bio-
nanocomposite scaffold that mimics the natural
skin layers. The upper layer consists of the
porous nanofibrous sheet with an average
thickness of 0.1mm. The lower layer constitutes
of the xerogel mat with an average thickness of
0.2 mm. The middle layer is composed of an
adhesive material (0.1mm). The whole scaffold
was engineered to a thickness of 0.4 mm to
facilitate the taken by the normal skin.
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Nanoscaled Structure Determination of Functional Materials

Shin-ichi Shamoto®”
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Abstract:

Many functional and industrial materials have
been tailored in nanoscales from thin films to
bulk materials. Some of them are composed of
multi-phases in nanoscales. Traditional solder is
a typical example with various ingredients for a
specific application. They usually contain local
strains due to the multi-phases and disorders.
Even a single phase suffers the disorders from the
strains by dopings. These disordered local
structures closely related to their functional
physical properties, based on the electronic
structure modifications. The current nanoscience
challenges standard crystallographic analysis
based on a space group, which fails to observe the
specific disorders in the crystal structures. Here,
two methods will be introduced. One is the
atomic pair distribution function analysis by
using traditional total scattering [1]. This method
has often been used for amorphous materials. The
other is the surface structure analysis of single
layer materials by using total-reflection high-
energy positron diffraction (TRHEPD) [2]. The
high sensitivity to a surface structure enables the
single unit cell structure determinations such as a
single unit cell B-FeSe superconductor (Figure 1)
[2]. Although the bulk p-FeSe has Ilow
superconducting transition temperature T of 6 K,
high-T. above 60 K has been reported in a single
unit cell B-FeSe [3]. Our analysis reveals that the
single unit cell is strongly compressed along the
normal direction of Fe layer [2]. The asymmetric
Fe-Se layer heights are possibly optimized in
average.

Keywords: Nanoscale materials characterization,
Atomic pair distribution function analysis, Total-

reflection high-energy positron diffraction,
Neutron  scattering, High-T, iron-based
superconductor.
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Figure 1: Surface structure of 1 unit cell FeSe on
a SrTiO3(001) substrate determined by TRHEPD
[2]. Red and yellow spheres indicate Fe and Se
atoms respectively. Green, silver, and red
spheres are Sr, Ti, and O atoms, respectively.
The asymmetric displacements of top-Se atoms
are magnified by 1.5 times for clarity.
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Micro- and nanometer scale Cu(ln,Ga)Se; for photovoltaic
devices

Sascha Sadewasser

International Iberian Nanotechnology Laboratory, 4715-330 Braga, Portugal

Abstract:

Cu(In,Ga)Se, (CIGSe) is used as absorber layer
in thin film solar cells with the highest
efficiencies. However, the scarce elements In
and Ga raise concerns for their large-scale
deployment. We present results on the
development of device concepts employing
micro and nanometer scale structures of CIGSe
allowing materials savings and/or efficiency
improvements.

Ultra-thin CIGSe solar cells were realized
introducing a point-contact passivation layer,
consisting of a thin Al,O; on the Mo back
contact and with a regular hole pattern (~200
nm). An increase from 8% to 11.8% for devices
with only 240 nm thick absorber layer was
achieved [1,2]. On the other hand, micro-scale
ClSe islands were electro-deposited into holes
in a SiO, matrix and completed into solar cell
devices [3], which can be used as micro-
concentrator solar cells by adding a micro lens
array.

CISe nanowires growing on top of a
polycrystalline base layer were prepared by co-
evaporation. This composite structure is
interesting for improved light absorption [4].
We also prepared ClSe quantum dots (QDSs)
using migration-enhanced  epitaxy  on
GaAs(111)A substrates. Transmission electron
microscopy confirmed their epitaxial growth
with the (112) plane of ClSe parallel to the
(111) plane of GaAs. The QDs exhibit a
pyramidal shape with four facets formed by
{112} planes.

Keywords: protein folding, nanoporous sol-gel
glasses, silica-based biomaterials, circular
dichroism spectroscopy, surface hydration,
crowding effects, micropatterning, biomedical
applications.
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Nanomaterials: Towards New Application Opportunities
in the Field of Energy
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Abstract:

Over the last century, the development of
nanomaterial science provided new
technological opportunities in different fields
including energy, environment and health.
These developments would suely contribute to
the postfossil energy era. In fact, hybrid
nanomaterials are uniquely positioned to offer
the possibility to fine tune their properties, using
their size, shape, functionalisation and assembly
(Figure 1); in order to fit a specific application
requirements. These new possibilities are not
only limited to the optimization of existing
properties, but go beyond to introduce and
create new properties.

In this context, the energy sector would greatly
benefit from these developments, and offer a
new renewable, sustainable and friendly
alternatives to fossil resources, which has been
proven to be a serious threat to the future of the
planet, through its contribution to global
warming.

In this regard, and due to their properties,
nanomaterials have been well explored to
improve the energy conversion and storage
efficiency.

In this study, we will introduce the new
challenges faced by these new nanomaterials in
the energy field. Furthermore, we will review
the fundamentals and the most recent
developments  in  the  synthesis and
characterization of nanomaterials, as well as
their applications in the energy conversion
by solar cells, and the storage in Li-ion batteries.
In addition, we will show how this new class of
materials hold the promise of enabling an
optimized balance between: low-cost, high-
efficiency requirements, smart renewable, clean
energy harvesting as well as the storage.

Keywords: nanomaterials synthesis,
nanomaterials characterizations, energy
applications.
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Figure 1: illustration of nanomaterials involved
in different fields of energy.
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Perovskite Solar Cells Based on Self-assembled Monolayer of
Conjugated Polyelectrolyte as Hole-Extraction Material
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Abstract:

Stability and reproducibility are two major
issues affecting the commercialization of
solar cells. Herein, we adopted P3HT-COOH to
replace PEDOT:PSS as the hole extracting
material of perovskite solar cells. The
measurement of photoelectron spectrometer
indicated P3HT-COOH possesses a more
desirable match of work function (-5.32 eV) to
perovskite layer compared with PEDOT:PSS (-
5.25 eV). Meanwhile, the more hydrophobic
surface of P3HT-COOH induced the growth of
perovskite crystals into a lager grain size,
leading to the increment of Jsc from 17.11 to
20.68 mA/cm?. This work also presents a facile
method to prepare a homogeneous hole-
extraction-layer simply through dipping the ITO
substrate into the polyelectrolyte solution that
greatly simplifies the fabrication process and
reduces materials consumption. Figure 1
depicts the contact angle and schematic
representation of spin-coated and self assembled
P3HT-COOH. The solar cell prepared from the
traditional spin coating (SC-cell) process
exhibited an average power conversion
efficiency (PCE) of 17.01% with an open-circuit
voltage of 1.04 V; on the other hand, the one
from the self-assembled method (SA-cell) had a
relatively higher PCE of 18.37% with an open-
circuit voltage of 1.08 V. More importantly, the
SA-cell possessed a small standard deviation of
PCE (0.25%), which is apparently smaller than
that (0.47%) of the SC-cell. Moreover, the
former maintained more than 80% of its initial
PCE after 1-month storage in a chamber with a
relative humidity of ~55%.

Keywords: hole extraction material, perovskite
solar cells, self-assembled monolayer, hole
extraction material, stability.
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Figure 1: (a) Contact angle of deionized water
on P3HT-COOH prepared by SP and SAM.
(b)Schematic representation of spin-coated
and self-assembled P3HT-COOH.
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Nitrogen doped graphene as a filler in chitosan anion exchange
membranes for ethanol fuel cell applications
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Abstract:

Direct alkaline ethanol fuel cells have recently
received increasing attention since in principle
they allow for the use of non-precious metal
catalysts, which dramatically reduces the cost
per kilowatt of power in fuel cell devices.! The
heart of a DAFC is an anion exchange
membrane (AEM) formed by sandwiching a
multi-layered structure (i.e. anode diffusion
layer, anode catalyst layer and AEM) between
an anode and a cathode.

In this work, a series of novel nitrogen doped
graphene oxide derivatives (N-GO) were
successfully synthesized and blended with
chitosan polymer in order to produce anion
exchange composite membranes. To investigate
their applicability in direct ethanol fuel cells, the
membranes were characterized in terms of their
structural properties, chemical and alkaline
stability and ionic properties. The incorporation
of N-GO suppressed ethanol permeability and
improved ionic  conductivity. Impedance
analysis indicated that some hydrated
membranes could exhibit a conductivity up 0.08
S cmt. Newly developed membranes have been
shown to exhibit potential for use in alkaline
direct methanol fuel cell application.

Keywords: nitrogen doped graphene oxide,
chitosan membrane, direct alkaline ethanol fuel
cells
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Analytical Solution for Predicting Electrical Power Generation in
Piezoelectric Thin Film Multilayer Energy Harvesting System

A. T. Nguyen,” Y. E. Pak

SUNY Korea, Department of Mechanical Engineering, Incheon, Korea

Abstract:

Piezoelectric multilayers have various application
in high-performance sensors, actuators and
energy damping systems [1,4]. Recently, a
generalized analytical model of a piezoelectric
multilayer having arbitrary crystal orientations
under the influence of thermal expansion
coefficient and lattice mismatches between the
film layers has been derived [2,3]. This model
provides a closed-form expression that predicts
the curvatures and the normal strains of the
piezoelectric multilayer in different growth
orientation when subjected to externally applied
mechanical and electrical loads [4]. In this
research, the aforementioned model of
piezoelectric thin films will be further expanded
by including dynamic effects of the external
loading conditions. As a result, an analytical
dynamic model of a simple piezoelectric
multilayer thin films system is obtained to predict
the amount of energy harvested from the system
due to external vibration. To simplify the
problem, a bilayer of piezoelectric thin films
deposited on a substrate that is subjected to a
quasi-static harmonic excitation will be first
studied, which will lay the foundation for the
generalized analytical model for n-layer of thin
films. By using the recursive relations, the
derived formulations can model any number of
layers, thus minimizing the computation time.
The predicted strain and the electric field
obtained from this model are to be confirmed by
using Finite Element Method for some energy
harvesting systems. A user-friendly MATLAB
code based on the model will also be created for
designers and engineers to quickly calculate the
predicted performance of a piezoelectric energy
harvesting device subjected to a given external
vibration.

Keywords: energy harvestings, multilayer thin
film, piezoelectricity, electroelastic fields,
vibration
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Figure 1. Schematic representation of
piezoelectric multilayer beam under externally
applied force and electric potential. [4]
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Vanadium oxide nanosheets for flexible dendrite-free hybrid
Al-Li-ion batteries with excellent cycling performance
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Abstract

Although lithium (Li) ion batteries have been
the focus of research in energy storage devices
for the last decades and significant progresses
have been made towards high energy densities
and improved safety, the dendrites formation
with lithium metal as anodes remains a
persistent challenge. In contrast, aluminum (Al)
ion batteries with Al anodes inherently possess
the advantages of no dendrite growth and offer
low cost option, which make Al-ion batteries
attractive as an alternative to beyond Li-ion
batteries. In addition, based on the three
electron transfer redox reactions, Al delivers
high volumetric and gravimetric capacities, and
provides promising applications in cost-
effective and large-scale energy storage
systems. However, the development of Al ion
batteries is restricted by the sluggish kinetics of
Al ions diffusion and insertion/extraction, due
to the strong electrostatic force between
intercalation framework of host materials and
trivalent AIP* ions. It can lead to decreased
intercalation sites in host materials and
consequently capacity decays quickly.

A concept of hybrid Al-Li-ion battery has been
proposed, which utilizes the fast Li* ions
intercalation/deintercalation  into/ffrom  the
cathode materials compared to APF* and Al
stripping/deposition on the surface of
aluminum anode due to higher redox potential
of AI/APF* (-1.67 V vs. SHE) compared to
Li/Li* (-3.04 V vs. SHE). Our approach
circumvents the sluggish kinetics and maintains
the dendrite-free formation of Al-ion batteries.
Subsequently, a hybrid Al-Li-ion battery,
composed of vanadium oxides nanosheets on
carbon fibers as cathode, Al foil as anode and
[EMIMI][CIJ/AICIS/LICI as electrolytes, has
been successfully fabricated. This hybrid
battery delivered a high volumetric capacity of
32.5 mAh/cm® at a current density of 100
mA/cm? (based on the total volume of cathode
including carbon fibers as current collectors)
and maintains 21.5 mAh/cm? even at 1 A/lcm?.
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More impressively, the capacity could be
retained 70.1% after 3000 cycles, much better
than other Al-ion batteries reported. The
excellent electrochemical performance could
be attributed to the improved kinetics with the
introduction of Li* ions into the electrolyte as
well as the 3-D porous structures of cathode
materials. Moreover, structural integrity under
different bending conditions could be achieved.
Therefore, this work demonstrates a safe, cost-
effective and flexible hybrid Al-Li-ion battery
that exhibits highly competitive advantages
among various energy storage devices.

Page 154



Posters Session |I:
Nanomaterials synthesis,
characterization/Nanomet

rology and properties

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts



Magnetic Abrasive Polishing of Nano Film Coated Pyrex Glass Using
Acoustic Emission
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Abstract:

To apply amorphous (transparent conductive
oxide, TCO) thin film to high end electronic
devices including organic light emitting device
(OLED) displays, surface finishing is important.
For the surface uniformity of thin films with
nanometer thickness, nanoscale ultra-precision
machining, such as magnetic abrasive polishing
(MAP), is necessary. In addition, to effectively
monitor the polishing process, a sensing scheme
with nanoscale sensitivity, e.g., acoustic
emission (AE), is essential. The purpose of this
research was to develop a practical methodology
for the control of surface characteristics utilizing
in-process monitoring of the nanoscale finishing
of thin film coated surfaces. Using a specially-
designed MAP and AE monitoring setup,
experiments were carried out on indium-zinc-
oxide (1ZO)-coated Pyrex glass. Based on the
results from preliminary experiments, three
major polishing parameters (gap, rpm and
abrasive size) were selected for the application
of design of experiment (DOE) to the finishing
setup. Both the AE rms and surface roughness
values from the experiments were compared and
examined using analysis of variance (ANOVA)
(Figure 2-3). The experimental results
demonstrate strong correlations between the AE
(rms) signals and surface roughness variations
during MAP. With the proposed scheme,

controlled nano-finishing and in process
monitoring of surface characteristics are
feasible.

Keywords: 1ZO film, magnetic abrasive

finishing, acoustic emission, surface roughness,
analysis of variance.
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Citric Acid Coated Magnetic Iron Oxide Nanoparticles (FezO,):
Synthesis, Characterization and Applications
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Abstract:

Magnetic iron oxide nanoparticles (MIONPs)
obtained via the combustion method constitute
the ideal raw material for the preparation of
biocompatible magnetic colloidal suspension
suitable for tumor cells hyperthermia approach,
whose viability is known to be sensitive to mild
hyperthermic treatment. The aim of the present
study was: i) the development and
characterization of a biocompatible magnetic
colloidal  suspsension based on Fes0q
nanoparticles coated with CA and ii) the in vitro
assessment of FesO.@CA nanoparticles under
standard and hyperthermic conditions, on two
distinct breast adenocarcinoma cell lines (MDA-
MB-231; MCF-7) as well as a non-tumorigenic
cell line (MCF-10A). The surface of magnetic
nanoparticles (MNPs) has been functionalized
by citric acid (CA) coating and easily dispersed
in distilled water, leading to a stable
biocompatible colloidal suspension. The surface
functional groups of Fe;0.@CA colloidal
suspension were investigated by FT-IR. The
biocompatible magnetic colloidal suspension
was characterized in terms of dynamic light
scattering  (DLS), transmission  electron
microscopy (TEM) and magnetic measurements.
The intensity distribution of the particle size
suggests that the Fe;s04@CA nanoparticles have
a hydrodynamic diameter of 101 nm.

The results indicate that the uptake of
FesO.@CA into the cells was strongly enhanced
under hyperthermic conditions. The usefulness
of this MNPs as heat mediators being
confirmed.

Keywords: magnetic iron oxide nanoparticles,
combustion method, biocompatible colloidal
suspension, cytotoxicity, Fe;0.@CA cellular
uptake, hyperthermia.
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Figure 1. Cellular internalization of
Fes04@CA NPs inside MDA-MB-231 cells
(indicated by black arrows) under standard and
hyperthermic conditions. The cells were
visualized by bright field microscopy, at
magnification 40x.
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High-Speed Sinter-Bonding of a Semiconductor Die by Addition of
Ag Nanoparticles in 2-Micron Ag-coated Cu Particles
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Abstract:

Ag-finish dies were attached on Ag-finish
substrates through sinter-bonding at below 250
°C by addition of Ag nanoparticles in 2-
micrometer Ag-coated Cu (Cu@Ag) particles
for the attaining a bondline which do not melt or
can sustain mechanical stability even at the
temperature exceeding 300 °C, alike solder
alloys. The nanoparticles were used with the
aim of prompt filling of the spaces between the
Cu@Ag particles during the sinter-bonding. The
content of Ag in Cu@Ag particles was 20 wt.%
and the average thickness of Ag shell was 256
nm. The average size of Ag nanoparticles was
100 nm, however, the nanoparticles were
severly aggregated with large size deviation.
After mixing with a-terpineol at a specific wight
ratio of Cu@Ag particles and nanoparticles, the
paste were printed on the substrate. The Ag
shells in Cu@Ag particles were dewetted by
instability at the interface of Ag layer/Cu core
during heating for the attachment of a die,
which was beneficial for the sinter-bonding. The
added Ag nanoparticles were also sintered under
reaction with the dewetted Ag, which induced
significant enhancement in the density of
bondline compared with that of bondline
sintered only with Cu@Ag particles. Thus, the
sinter-bonding speed was outstandingly faster
than that of pure Ag or Cu particles, even
though nanoparticles were added in usage of the
pure particles. Consequently, sufficient shear
strength exceeding 20 MPa was obtained even
after short bonding for 30 s at 250 °C. The
increase of added Ag nanoparticles from 20 to
40 wt% strengthened adhesion at the
bondline/substrate interface, resulting in the
increase of shear strength.

Keywords: die attach, sinter-bonding, Ag-
coated Cu particle, Ag nano-shell, Ag
dewetting, Ag nanoparticles, shear strength.
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Figure 1: Cross-sectional BSE images showing
a bondline between a Ag-finished die and
substrate sinter-bonded at 250 °C for 30 s under
20 MPa using a mixture of 20 wt.% Ag-coated
Cu particles and Ag nanoparticles at weight
ratio of 8:2; (a) low and (b) high magnification.

Figure 2: Cross-sectional images showing a
bondline sinter-bonded at 250 °C for 30 s under
20 MPa using a mixture of 20 wt.% Ag-coated
Cu particles and Ag nanoparticles at weight
ratio of 6:4; (a) low and (b) high magnification.
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Stuctural Development and Crystallization Kinetics of Bismuth
Germanate Glass Embedded with Bi.GeOs Crystals Prepared by
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Abstract:

Newly ferroelectric crystal phases and glass
matrices have been widely investigated in order
to develop the properties of the materials that
are suitable to perform in multifunctional
purposes. The bismuth germanate system has
provided many of interesting phases, such as
Bi4Ge3012, BilzGeOZO and BizGGOs, which
possess valuable properties. In the field of
ferroelectric, glass-ceramic embedded with
Bi»GeOs crystals is one of particular interest as
it has a high probability of being ferroelectric as
reported for the first time by Pengpat and
Holland. However, the formation of Bi,GeOs
phase exhibited the surface crystallization. It
was determined that the crystallites formed a
one-dimensional growth of crystals during the
crystallization process. This type of crystal
growth may not be preferable due to its
anisotropic property. In this work, we have an
attempt to fabricate and modify bulk
crystallization of glass ceramics based on
bismuth germanate containing Bi,GeOs crystals.
Glasses have been prepared from BiO15-GeO,-
BO.s ternary glass system on the region of
58.4Bi015-23.4Ge0,-18.2B0O15  (mol%) by
using the modified incorporation method. X-ray
diffraction result of glass-ceramics suggested
that the main peak of glass-ceramics matched
the orthorhombic structure of the pure BiGeOs
phase. Differential thermal analysis (DTA)
would give useful quantitative information with
regard to the nucleation and crystallization
mechanism. The important kinetic parameters
such as Avrami exponent (n) and Crystallization
activation energy (Ec) were investigated by non-
isothermal method using DTA measurements at
different heating rates. Microstructure of the
obtained glass-ceramics showed the crystallites
formed on the surface and they could diffuse in
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to the bulk structure indicating that
crystallization mechanism in this glass is
between two and three-dimensional crystal
growth (Figure 1 (b).) which supported the
results of Avrami exponent studies. The
modified incorporation method can effectively
modify the crystallization mechanism of
Bi,GeOs glass-ceramics, resulting in the
improvement of this Bi.GeOs glass-ceramic
embedded with a desired crystal dimension.

Keywords: bismuth germanate, Bi.GeOs, glass-
ceramics, crystallization Kinetics
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23.4Ge0,-18.2B0;5 glass-ceramics prepared
by using two different methods (a) glass-
ceramics prepared by using conventional
method and (b) glass-ceramics prepared by
using the modified incorporation method.
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Transparent BST Glass ceramic Nanocomposites: Fabrication
Crystallization Kinetics and Properties
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Abstract:

A nanocomposite material consisting of
crystallites inside a glass-like matrix has been
synthesized using the glass crystallization
method. In this study, we have studied the
structural, optical, dielectric and ferroelectric
properties of crystals embedded in a glassy
matrix, the Bag7SrosTiO; (BST) —Na,O-B,0s-
SiO, system prepared by the melt quenching
technique. In order to change the prepared glass
to glass-ceramic samples, heat treatment
techniqgue was employed using temperatures
ranging between 650 and 850 °C. The X-ray
diffraction patterns showed the presence of the
amorphous phase and the precipitation
crystalline phase in the amorphous matrix. The
morphology of the crystals was studied by
scanning electron microscope. The important
kinetic parameters such as Avrami exponent (n)
and Crystallization activation energy (Ec) were
investigated by non-isothermal method using
DTA measurements at different heating rates.
All  glass-ceramic  samples confirm the
spherical-like nanocrystals structure (Figure 1).
The microstructure, with cluster of spherical
crystal structure, indicates a typical three-
dimensional crystallization mechanism, which
agrees with the above analysis of Avrami
exponent (n=4.2) for glass sample at Tc. It was
found that the crystal size and crystallinity
increased with increasing heat treatment
temperature. Optical, dielectric and ferroelectric
properties of the synthesized samples depend
upon their morphology and crystallinity.

Keywords:  Transparent glass  ceramic;
Ferroelectric glass ceramic; Nanocomposite;
crystallization kinetics
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Figure 1: The fine microstructures with many
spherical-like nanocrystals of homogeneously
dispersed in the glass matrix are clearly
displayed. However, it was found that withthe
increase in heat-treatment temperature, both the
crystal volume fractions as well as the size of
the crystals increased.
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Mixed Monolayer Semiconductor Nanocrystals for Optimized
Nanocomposites

S. Fernandez de Avila'™ F. Rodriguez-Mas!, J.C. Ferrer?, J.L. Alonso*

LUniversity Miguel Hernandez, Department of Communications Engineering, Elche, Alicante, Spain.

Abstract:

This contribution reports on the synthesis of
semiconductor nanocrystals (NCs)
functionalized with two mixed organic ligands,
thiophenol and decanethiol, with variable ratios,
and their influence on the optical properties of
nanocomposites obtained from the integration of
these NCs into a polymer matrix.

Hybrid nanocomposites consisting of organic
polymers hosting inorganic semiconducting
nanocrystals combine the ease of polymers
processing, and the stability and properties of
NCs, such as size dependent optical absorption
and light emission, and improved electronic
characteristics. However, the optimal integration
of the NCs in the hosting polymer as well as the
optical and electrical  properties, and
morphology of the resulting nanocomposite
strongly depend on the ligands used to stabilize
the nanocrystals.

We report here the results obtained with two
ligands with very distinct characteristics:
Decanethiol is an organic radical with isolating
nature which length hinders the charge transfer
from the NCs to the surrounding material.
Nevertheless, this ligand is soluble in toluene or
chlorobencene as most of the polymers often
used as semiconducting matrix.

Thiophenol, instead, is a shorter molecule more
suitable when charge transport is required, but
unfortunately, thiophenol stabilized NCs are
insoluble in most of the polymer compatible
solvents.

Mixed monolayer PbS and CdS nanocrystals
have been synthesized following different
chemical routes with several combinations of
both organic ligands. Influence of the
composition of the mixed monolayer on the
optical properties of nanocrystals is presented.
Nanocomposites prepared blending these mixed
monolayer NCs with polymer solutions are also
studied to evaluate their potential for integration
in optoelectronic devices.

Keywords:  semiconducting  nanocrystals,
chalcogenides, hybrid nanocomposites, organic
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ligands, optical
applications.

properties, optoelectronic

several

Figure 1. Figure illustrating
Nanocrystals  with  decreasing ratio of
thiophenol ligands. Identical NCs with only
thiophenol or decanethiol ligands (upper part)
and mixed monolayer NCs (lower part)

References:

1. Merg, A.D. Zhou, Y. Smith, AM,
Millstone, J.E., Rosi, N.L. (2017) Ligand
exchange for controlling the surface
chemistry and properties of nanoparticle
superstructures, Chem. Nano. Mat., 3, 745-
749.

2. Bousquet, A. , Hiorns, R. C,
Dagron-Lartigau, C. and Billon, L. (2017).
Hybrid  Conjugated Polymer—Inorganic
Objects: Elaboration of Novel Organic
Electronic Materials. In Hybrid
Organic-Inorganic  Interfaces (eds M.
Delville  and A.  Taubert). doi:
10.1002/9783527807130 .ch6.

Page 161


https://doi.org/10.1002/9783527807130.ch6

SiO; sol-gel mask for nanopatterning
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Abstract

Sol-gel is an attractive solution for the deposition
of solid thin films at room temperature by an
inorganic polymerization reaction. Deposited as
a 2D layer, sol-gel materials are used for their
bulk properties which can be mechanical® (hard
coating), chemical (antibacterial?),
hydrophobical/hydrophilical®, etc...

SILSEF has developed a range of processes to
pattern sol-gel thin films by nanoimprint. In
particular, they can be used as selective hard
mask to transfer structures into substrates®. Sol-
gel layers become an attractive solution for the
transfer of high aspect ratio micro-nanostructures
into a substrate by using plasma etching
technologies.

SiO2 sol-gel layer nanostructured by thermal
nanoimprint have been used as an etching mask
allowing the transfer of structures into Silicon
and other substrates. Compared to the
conventional masking  process  requiring
cumbersome lithography equipment (e-beam,
photolithography...) and vacuum deposition, a
sol-gel film can be patterned on large surfaces in
a few simple steps using a nanopatterned stamp,.
Key parameters are selectivity and heigt of sol-
gel mask patterns since they will determine the
etching depth and the shape of the patterns
transferred into the substrate. A specific issue is
the shrinkage associated to the annealing of the
patterned sol-gel, modifying the shape and
dimensions of the patterns in the sol-gel layer and
particularly in the lateral directions. As a result,
different strategies must be developed according
to the patterning specifications including
combinations of sol-gel formulation, annealing
process and temperatures as well as reverse
engineering to design the nanoimprint stamps
according to mask shrinkage.

In this work we report a sol-gel process used to
transfer a range of patterns size and shape.
Structures with an aspect ratio of 9,7 have been
etched into a silicon substrate using a SiO; sol-
gel mask patterned by nanoimprint for various
applications.
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It proves to be a quick-turnaround and low-cost
alternative  to  conventional  lithography
processes. Potential applications include
patterning of other substrates, or thin films, such
as masks for selective area growth (SAG)

Keywords: sol-gel, nanoimprint lithography,
hard mask; reactive ion etching; selective area
epitaxy...

Figure 1: Si patterns (750nm period) etched by
RIE and still partially protected by a sol-gel hard
mask (left), and nanoholes (90nm diameter) on
solgel mask to be transferred into silicon for
nanowire growth.
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Abstract:

To our knowledge So far no author has reported
the effect of lanthanum doping on the thin layers
of zinc sulphide elaborated by the Chemical
Bath technique (CBD) in acidic medium where
as the studies made up to now are developed in
a basic medium. In this work, Undoped and La-
doped ZnS thin films have been produced on
glass substrates using the Chemical Bath
deposition technique (CBD) in acidic medium
(PH=4). The Lanthanum concentration was
varied from 0% to 10%, keeping other
deposition parameters constant {(T=80°C),
t=2hours,[Zn?*]=0.2M,[S?*]=0.4M
.[Na,EDTA]=0.055M, Lax (1-10%}. The XRD
analysis present amorphous structures for all
deposits and no peak was awarded which means
that the crystallinity of the deposited layers is
insignificant. ~ Spectroscopic  analysis have
shown significant improvement of both optical
gap and transmittance of the deposited layers
especially in the visible range, the films with a
La-doping content of 1% have the better optical
transmittance over 80 % in the visible range and
a wide band gap energy (Eg) of 3.815 eV. For
the other samples the transmittance was variying
from 75 to 80% while the band gap energy(EQ)
remains the same. The Infrared characteristic of
undoped ZnS vibration peaks were observed at
1105, 640, and 452 cm™.

Keywords: , La-doped ZnS thin films, chemical
bath deposition (CBD) technique, acidic
medium, optical transmittance visible range.
XRD analysis present amorphous structures for
all deposits and no peak was awarded.
Spectroscopic analysis have shown significant
improvement of both optical gap and
transmittance of the deposited layers especially
in the visible range, the films.
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Figure 1: Figure is illustrating the fundamental
guestion that we are tempting to solve experi

mentally: what is the importance of
lanthanumconcentration on ZnS thin films
transmittance prepared by CBD Technique in
acidic medium. The insert figure inside Figl
shows a plot of d7/d(hv) versus the band gap
energy Eq
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Abstract:

In this abstract paper discussed about the
synthesis, characterization and supercapacitor
and energy storage device applications.
Polyaniline (PANI) doped Copper oxide (CuO)
nanocomposite (PCN) was prepared by
electrochemical  deposition  method. The
Polyaniline nanocomposites were characterized
by using X-ray diffraction (XRD), Thermo
gravimetric  analysis (TGA), Differential
scanning calorimetry (DSC), Field emission
scanning electron microscope (FESEM) and
Cyclic Voltammetry (CV) methods. The XRD
result reveals the change in the structural phase
due to metal nanoparticles. The TGA graph
shows that the thermal decomposition occurs in
two steps, first decomposition about 14.03% in
the region 78.91-102°C due to moisture and
water on the surface of the material and second
stage between 110-650°C is caused the loss of
the doping acid and the weight loss. As
increases the concentration of nano composite in
the PANI matrix leads to decrease in the
degradation temperature. DSC results reveal an
enhanced thermal stability of the PANI
nanocomposites  with  the addition of
concentration and the melting temperature of
PANI is found to be 135°C, whereas PCN nano
composite increased to 145°C. These results
show the PCN nano composite have higher
thermal stability than the PANI. FESEM
confirms the shape changes from grain to rod
like structure due to addition of nano
concentration. The electrochemical performance
of cyclic voltammetry technique with three-
electrodes system in 1M aqueous H>SO,
solution as an electrolyte in the potential
window from -4 to 2V at various scan rates 100
- 500mV/s. The high specific capacitance
obtained because of large surface to volume
ratios, which is clearly evidenced by its unique
nano rod like structure may provide the fast
electron mobility, and they are favourable to
pseudocapacitor behavior. These obtained
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results  were  confirmed  that PANI
nanocomposite is suitable candidature for
supercapacitor, electrodes and energy storage
applications.

Keywords: Conducting polyaniline, nano
composite,  electrochemically  synthesized,
Structure, Surface morphology, thermal and
electrochemical studies.

Experimental Methods:

Schematic. Schematic diagram represents the
electrochemically deposition of polyaniline
copper oxide nanocomposites.

PANI CuO (PCN) nanocomposites was
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method with applied voltage is 2 volt for
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Figure 1: FESEM images of PANI and PCN
nanocomposite.

The Fig. 1 (A) and (B) is the PANI and 0.15wt
% of PCN nanocomposite respectively. FESEM
images of PANI and PCN nanocomposites
shows the homogeneous distribution and
morphology changes from grains to rod like
structure [1] is clearly visible in (A) & (B)
images. The Fig. 2 (B) displays the rod like
shape and which is randomly dispersed due to
increase in wt% of CuO to PANI as a results
most  significant morphology of PCN
nanocomposite. Hence from grain to rod
structure changes confirms, this material can be
usable for making an energy storage application

[2].
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Abstract:

Recently, the era of the technology node of
less than 10 nm has dawned to achieve
multi-function and high-performance
devices beyond Moore's Law. However, it
has a reliability issue caused by the poor
film coverage of the barrier/seed layers and
thermomechanical stress that is caused by
sharply increased aspect ratio (AR) and
decrease in pitch and interconnect size. Also,
it has a problem such as resistance(R)-
capacitance(C) delay with resistance
increase by boundary scattering and a lower
mean free path that is caused by grain effect
in  nano-thickness of Cu and thermo-
mechanical reliability due to the difference
in the coefficient of thermal expansion
(CTEs) between Si and Cu. So, the
development of new materials is required for
less than 10 nm technology node. To
overcome the problem, nano-carbon
semiconductors based on vertical carbon
nanotube (CNT) interconnects and graphene
lines as base materials have attracted
attention.

CNT has characteristics such as high thermal
conductivities, high mechanical strength and
high aspect ratio. In addition, CNT has a
high electromigration (EM) resistance
characteristic compared to Cu due to the
high maximum current density of 10° A/cm?.
On the other hand, graphene has
characteristics high thermal conductivities
and high mechanical strength. Also, it
expected that RC delay degradation by
highest carrier mobility of 200,000 cm?/vs
and enhanced EM resistance characteristics
by high maximum current density of 2x108
Alcm?,

Many researchers expect a technology age of
less than 5 nm that is highly reliable with
improved RC delay and EM resistance using
the highest carrier mobility and very high fr
characteristics of the horizontal graphene
line and the high AR of the vertical CNT
interconnect. However, The problem must
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be solved such as a random defect in
graphene surface, control of physical
properties according to the structure of
CNTs, pattering technology for control of
electrical characteristics of graphene, and
contact resistance of graphene and CNT in
order that ideal carbon semiconductor.

The research that is about contact resistance
improvement is early stage compared with
the continuous progress of research on
Graphene defect and CNT structure control.
On the other hand, the contact resistance
issue of Graphene-CNT has a large influence
on the overall resistance of the device
because it follows the quantum resistance
due to the contact area of ~ 1 nm. Therefore,
it is required to understand and reduce the
contact resistance of contact resistance
between vertical CNT interconnect and
horizontal graphene line in order to realize a
device with high reliable. In addition, the
research about contact resistance is required
when applied metal electrodes or metal lines
in vertical CNT interconnects.

Generally, the contact resistance of CNT-
metal and CNT-graphene have been
measured using test structure of CNT
TFETSs.

To make the TFET structure, there are two
methods of forming the electrode. First, forming
an electrode after growing the CNT. Second,
transferring the CNT after forming the
electrode.’ ¥ However, both methods have
limitations on the reliability of measured values
because side contacts measured rather than 'real
end contacts' between the wvertical CTN
interconnect -electrode. Therefore, a new
measurement method that can measure 'real end
contact' intuitively is required. In this study, we
propose a ‘real end contact measurement
method of CNT-graphene without using a test
structure. In addition, discuss the possibility of
applying a metal layer to improve contact
resistance characteristic.

Keywords: carbon semiconductor, contact

resistance, CNT-Graphene contact
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Abstract:

BaiLaxFe2019 (x = 0-0.5) nanocrystallline
samples were synthesized by using co-
precipitation method combining with heat
treatment. Sample-shapes were being in the
nano-hexaplates with size 100 — 300 nm and
thickness ~50nm. Then, their composites with
polyaniline (PANI) were prepared with
hexaferrites (H) and PANI (P) ratio H/P = 9/1.
The composites together with 7%wt. epoxy
were pressed in to toroidal (with D = 7mm and d
= 3 mm) followed by drying at 170 °C for 0.5h.
Both X-ray diffraction (XRD) and Raman
spectroscopy (RS) studies indicated that all
composites mainly crystallized into the M-type
hexaferrite structure (the space group P6s/mmc).
Specifically, the composites with x < 0.2 were
single phase without any impurity while those
with x > 0.2 had a trace of a secondary phase
Fe;Os. The magnetic properties of these
composites have been studied by using a
vibrating sample magnetometer (VSM) with the
external field up to 10 kOe. The results show
that the saturation magnetization Ms of the
composites with x < 0.3 were almost unchanged,
about 35~37 emu/g, while the coercivity Hc
increased from 4.22 kOe for x = 0 to 4.86 kOe
for x = 0.1 then decreased to 4.23 kOe. For the
composites with x > 0.3, Ms gradually decreased
to 25.5 emu/g for x = 0.5. This can be attributed
to the appearance of Fe;Os. Notably, composite
with x = 0.5 had lowest magnetization (Ms =
25.5 emu/g) and highest coercivity (Hc = 5.02
kOe). Electromagnetic wave absorption
properties of these composites were studied by
PNA-X Network Analyzer in the frequency
range from 0.1 — 18 GHz. By doping, reflection
loss (RL) of composites has been changed.
Undoping composite had low RL (-3 dB at 7.7
and 9.1 GHz). All doping composites had RL
below — 5dB (~68.4% microwave absorption).
Especially, the bandwidth of microwave RL
below — 10 dB (~90% microwave absorption) is
obtained in 6.65 — 8.14 GHz with the minimum
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RL = - 14.2 dB at 7.4 GHz for composite with
La-doping concentration x = 0.1 (thickness 3.5
mm). This makes BaoslaoiFe12010/PANI
nanocomposite can be a potential microwave
absorption candidate.

Keywords: M-type hexaferrites, PANI,
composites, electromagnetic wave absorption
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Abstract:

Titanium dioxide (TiO2) nanotubes have been
synthesized by using hydrothermal method. The
changes in the structure of the TiO;
nanoparticles by the effect of hydrothermal
temperature are described in this work and it is
mainly  focused on the metal oxide
semiconductor (MQOS) structure or sensor for
brain signal extraction. The properties of the
hydrothermally synthesized TiO, nanotubes
were characterized and carried out the optical
absorption studies using UV-Visible
spectrophotometer, structural changes using X-
ray diffractometer, surface morphology by field
emission  scanning  electron  microscope
(FESEM) and thermal properties by thermo
gravimetric analysis (TG/DTA) and from these
studies, it is confirmed that TiO, nanotubes are
applicable in the signal extraction process. The
capacitance versus voltage (CV) and current
versus voltage (IV) characteristics are
performed and it has been revealed that the TiO»
nanotubes can be used to fabricate MOS
structure then that leads to work as a sensor. A
setup for electrical study of MOS structure was
shown in the Fig.

Keywords: Hydrothermal, TiO, nanotubes, CV,
IV, MOS, Sensor.
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Figure 1: A setup for electrical study of MOS
structure
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Abstract:

Active research in luminescent and scintillating
materials in recent years is mainly driven by
emerging applications, such as those in
biomedicine. Photodynamic therapy (PDT) is
treatment in which visible or near-infrared light
is used to activate a photosensitizer (PS),
administered to target a diseased tissue of
interest. In the presence of ground state oxygen,
the light-activated PS creates reactive oxygen
species, especially highly cytotoxic singlet
oxygen, that can induce tissue death [1]. X-ray
induced PDT (PDTX) is a combination of
radiotherapy and PDT providing more efficient
tumor cell killing than the radiotherapy alone
[2]. After the X-ray energy is absorbed by a
scintillating nanoparticle, it is either radiatively
or nonradiatively transferred to the PS
molecule.To observe a cytotoxic effect at
therapeutic radiation doses, the light yield of
scintillating nanoparticle, the efficiency of
energy transfer to the photosensitizer and the
cellular uptake of the nanoparticles, all need to
be fairly well optimized [3]. The nanoparticle
uptake by tumor blood vessels can be improved
by enhanced permeability and retention (EPR)
effect promoted, among others, by suitable
nanoparticle size.

We synthesize a prospective core-shell
nanocomposite for PDTX based on ZnO:Ga
scintillating core. The core is synthesized by the
UV photochemical method [3], coated by
amorphous silica shell using the sol-gel
technique, facilitating a funcionalization by a
photosensitizer, protoporphyrin  IX (PpIX)
molecules. Combined results of steady state and
time resolved spectroscopy suggest the presence
of an energy transfer between the ZnO:Ga core
and PplX outer layer. In particular, i) emission
of the core is almost completely suppressed in
the RL spectrum of functionalized particle, ii)
PL spectrum features characteristic emission of
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PpIX in the red spectral region under the core
excitation, iii) PL decay features PplX decay
under the core excitation. The results indicate
that the mechanism of energy transfer is more
likely to be nonradiative.

The singlet oxygen generation in the system is
demonstrated by the  3’-(p-aminophenyl)
fluorescein (APF) chemical probe sensitive to
the singlet oxygen presence. Observed features
of  nanocomposite studied indicate its
considerable potential for PDTX application.

Keywords: nanocomposites, bioconjugates,
photodynamic therpay, scintillator, singlet
oxygen, biomedical applications.
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Abstract:

Optical cameras are not uniform in output
characteristics due to high temperature-low
temperature repetition and repetitive operation-
non-operation. This is a fatal disadvantage
which deteriorates the performance of the
optical camera, and a blackbody is used to solve
this problem. Figure 1 shows a blackbody
system based on MEMS developed by Chosun
University. Black silicon (BSi) and multi-walled
carbon nanotubes (MWCNTS) were proposed
for fabricating of MEMS-based blackbody
surface on upper side of a silicon wafer of this
system. To fabricate the BSi, we used the
cryogenic and Bosch processes in the DRIE
process [1]. The detailed experimental variables
of the cryogenic process are : SFs / O, gas =40/
18 sccm, RF power : 1000 W, pressure : 10
mTorr, process time : 15 minutes, process
temperature : -110 °C. Also, the detailed
experimental variables of the Bosch process
are : SFg / C4Fg gas = 200 / 200 sccm, RF power
: 2000 W, SF¢ / C4Fg pressure : 30 / 40 mTorr,
SFe | C4Fsg pulse time = 3 / 0.5 seconds, bottom
power : 40 W. The total process time is 5
minutes.

MWCNTs were cultivated using a chemical
vapored deposition (CVD) process. In order to
cultivate  MWCNTSs, a catalyst layer was
required, and Aluminum oxide (Al.O3) 10 nm
and iron (Fe) 1 nm were used as catalysts. Then,
the substrate was placed in a furnace and Ar was
supplied at 400 sccm, H at 200 sccm, and CzH4
at 100 sccm for 10 ~ 15 minutes at a
temperature range 725 °C ~ 775 °C [2]. Figure 2
(2) is a cryogenic process, (b) is a SEM image of
MWCNTSs cultivated in BSi produced through
Bosch process. Figure 3 shows the reflectance
results of BSi fabricated through another
process and MWCNTSs cultivated on BSi. As a
result, it was found that the high reflectance of
BSi in the infrared range was greatly reduced to
less than 2% in MWCNT cultivation.

Keywords: Black silicon (BSi), Multi-wall
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Abstract:
Being able to master the electromagnetic
properties of finely divided heterogeneous
media, i.e. when the size of the heterogeneities
of the material is much smaller than the
wavelength of the radiation [1], is imperative
when it comes to optimizing their optical
properties for targeted applications in both
materials science and industrial sector. The
design process generally necessitates the
knowledge of the dielectric function of the
constiting parts. Finding these data entries can
represent the tricky part of the whole problem
when the phases composing the heterogeneous
structure are nanoobjects. In fact, the dielectric
properties of nanograins are often signicantly
different from their bulk counterpart due to the
presence of confinement or defects. The
complexity of these systems makes it
indispensable to develop new numerical tools as
well as experimental means devoted to their
characterization.
We present a new procedure based on sets of
experimental spectra to retrieve the dielectric
function of one of the homogeneous nanophases
composing a binary mixture, as well as
information on the spatial distribution of the
material. Several effective medium approaches
like Maxwell-Garnett, Felderhof, Bruggeman,
Lichteneker and more particularly Bergman's
general theory have been developed to compute
the optical response of mixtures [2]. The latter
has an integral from and separates
mathematically the influence of the spatial
distribution of the matter (through a spectral
density function) from the one induced by the
nature of the phases in presence. This theory is
mathematically expressed by the following
relationship :

spectral density function

Eeff _ Ao tmy(z)

Em

F(s)=1-

dz ,where s =
Em s o+ S—Z En — &

chemical Composition
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where, em and & are the dielectric function of the
matrix and inclusions, respectively. The
parameter Ao is a measure of the percolation
strength of the inclusions. Through this
formulation, we have the possibility to
determine one of the four quantities (em, &, &,
my) from the knowledge of the three others. The
capability of the proposed procedure is
presented through the study of the dielectric and
structural properties of amorphous silica pellets
manufactured from nanopowders with different
porosity levels and KBr pellets containing a low
concentration of SiO2 nanoparticles.
Transmittance and reflectivity measurements
performed on a set of samples were fitted as a
whole by solving a nonlinear optimization
problem based on the Bergman’s theory. The
outputs are the wanted dielectric function of the
silica nanoparticles & and the spectral density
function m¢ associated to the pellets. The
behaviour of the percolation strength of the SiO,
nanoparticles in the porous matrix are also
estimated and porosities extracted using
Bergman's theory are compared to those
obtained by density measurements. The
dielectric function of the silica nanograins is
discussed at the light of that of bulk silica and a
comparison with predictions made with other
effective media approximations is also given.

Keywords: Effective medium theories, SiO;
nanopowder, Spectral density function.
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Composites based on poly(2, 2’-bithiophene) and TiO2
nanoparticles: from chemical synthesis to optical properties and
their applications in the leather and textile materials field
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Abstract:

Optical properties of composites based on
poly(2, 2’-bithiophene) (PBTh) and TiO2
nanoparticles, prepared by the chemical
polymerization of the monomer 2, 2’-
bithiophene in  the  presence  of
semiconductor nanoparticles, were reported.
As increasing the TiO2 nanoparticles
concentration in the synthesis mixture mass,
the PBTh/TiO2 composites shown: i) an
intense Raman line in the 1400-1600 cm*
spectral range with a maximum which is
down-shifted from 1454 cm to 1430 cm?
and ii) a photoluminescence (PL) complex
band in the 550-750 nm spectral range,
consisting from two emission bands peaked
at 629 and 670 nm, whose intensity increase
from 3.5 x 10° counts/sec to 1 x 108
counts/sec. In the presence of the VIS light,
a gradual decrease in the relative intensity
of the two emission bands in the case of
PBTh and its composites with TiO2
nanoparticles is reported. The
functionalization of leather and cotton
fabrics with the PBTh and its composites
with TiO2 nanoparticles was performed by
the direct chemical interaction in aqueous
dispersions. After drying of leather and
textile material, the weight increasing of
PBTh and its composites with TiO2
nanoparticles was assessing by the Raman
spectroscopy. . In the case of the cotton
fabrics functionalized with PBTh or the
PBTh/TiO2 composites, a decrease of the
ratio between the Raman lines peaked at
1097 and 1458 cm, belong to the cotton
and composite material, respectively, was
reported to occur from 2.55 to 0.61 as a
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consequence of the increasing of the PBTh
or PBTh/TiO2 layer onto textile material
surface. Regardless of the PBTh/TIO2
composite material weight onto leather
surface, the Raman spectra show in the 500-
3500 cm™ spectral range only the Raman
lines of the polymer. Photocatalytic activity
of the leather and cotton fabrics with the
PBTh/TiO2 composites was evaluated by
photodegradation efficiency of methylene
blue dye. The leather and cotton fabrics
functionalized with  the  PBTh/TIiO2
composites have shown improved self-
cleaning properties in the comparison with
those treated with the alone PBTh. The
performances of these composites will be
highlight in comparison with the TiO2
nanoparticles [1] and other composites such
as polyaniline/TiO2 [2].

Keywords: composites, TiO2 nanoparticles,
polymer, Raman scattering, cotton fabrics,
photodegradation.
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Indirect to Direct Bandgap Transition in Two-dimensional SnS;
Monolayer by Nickel Doping: First-Principles Calculations
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Abstract:

Direct bandgap semiconductors play a critical
role in optoelectronics. In this regard, SnS; is a
two-dimensional (2D) layered semiconductor
which has ignited intensive attention due to its
semiconducting nature and nontoxicity. The
pristine SnS,, however, has an indirect bandgap.
For a more widespread use, it is highly desired
to translate SnS, into direct bandgap
semiconductors by  controlling  external
parameters. Utilizing first-principles calculation
methods with accurate HSE hybrid functional,
we show the possibility of indirect to direct
bandgap transition in SnS; single layer via
nickel doping (Figure 1). A substitutional
nickel-dopant on the tin site of SnS, generates
new band lines at the bottom of the conduction
band due to strong orbital hybridization with
states of its nearby sulfur atoms. Consequently,
the direct bandgap can be achieved in SnSy;
moreover, the bandgap size is narrowed as the
number of nickel-dopants increases.

Keywords: Two-dimensional (2D)
nanomaterials,  electronic  property, band
structures, first-principles calculations.
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Figure 1: Band structures of (a) pure SnS,, and
(b) one and (c) two nickel-doped SnS,. The
blue, yellow and magenta balls represent the
tin, sulfur and nickel atoms, respectively,
whereas the solid arrows indicate the bandgap
transitions.  Pristine SnS, has an indirect
bandgap with the transition between I' and M
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point. Ni-SnS, sheets become direct bandgap
semiconductors with reduced values.
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Generation of new photo-responses in the visible domain due to
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Abstract:

Epitaxial graphene grown on 6H-SiC (000-1)
shows remarkable photo-physical phenomena.
The electrical resistance of graphene increases
under light illumination in contrast to
conventional materials where it normally
decreases. The resistance shows logarithmic
temperature dependences which may be attributed
to an Altshuler—Aronov effect. We show that the
photoresistance depends on the frequency of the
irradiating light, with three lasers (red, green, and
violet) used to demonstrate the phenomenon
(Figure 1). The counterintuitive rise of the
positive photoresistance may be attributed to a
creation of trapped charges upon irradiation. We
argue that the origin of the photoresistance is
related to the texture formed by the graphene
flakes. Photovoltage also exists and increases
with light intensity. However, its value saturates
quickly with irradiation and does not change with
time. The saturation of the photovoltage may be
associated with the formation of a quasi-
equilibrium state of the excited electrons and
holes associated with a charge redistribution
between the graphene and SiC substrate. The
obtained physical picture is in agreement with the
photoresistance measurements: X-ray
photoelectron spectrometry “XPS”, atomic force
microscopy “AFM”, Raman spectroscopy and the
magnetic dependence of photoresistance decay
measurements.

Keywords:  Epitaxial  growth,  graphene,
oxidation, photoluminessence, X-ray
photoelectron spectrometry “XPS”, atomic force
microscopy “AFM”, Raman spectroscopy,

photoresistance and magnetic dependence of
photoresistance.
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Figure 1: (a) Time dependence of the
photoresistance of epitaxial graphene grown on 6H-
SiC face terminated carbon (000-1), under
continuous light irradiation: the purple, green and
red curves correspond to the different illumination
photon frequencies, from violet (405 nm), green
(515 nm) and red (625 nm) lasers respectively; (b)
optical image of the sample highlighting the four-
probe  contacting  method  for  resistance
measurements; (c) the time dependence of the
photoresistance of a 6H-SIiC substrate without
graphene control, taken under continuous light
irradiation from a violet laser.
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Processing at different pressures and characterization of the
ceramic superconducting (Bi1.6Pbo.4)Sr2Ca;Cu20y
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Abstract:

This work shows the effect of compaction
pressures on structural properties and critical
current density of (Bil.6Pb0.4)Sr2CalCu20y
samples. Ceramic powders were prepared by
conventional solid-state reaction method and
sintered at 840°C after compaction at five
different pressures 300, 450, 600, 750 and 900
MPa. The obtained samples were characterized
by resistance vs. temperature (R-T) by four-
point probe method, critical current density vs.
applied magnetic field, (Jc—H), material density
vs. pressure, (p— P), XRD, and by scanning
electron microscopy (SEM). The results of this
study showed that the quality of electrical and
structural  properties of Bi-2212  bulk
superconductors  strongly depends on the
compaction pressure. X-ray diffraction patterns
show the main reflections of the phase Bi-2212
for all samples, varying slightly in intensity.
SEM shows the morphology of the grains
present in the samples observing a decreasing in
porosity at high compaction pressures (Figure
1). The aim of this work was to find the optimal
compaction pressure for BSCCO ceramic
superconductors in order to be used as
superparamagnetic nanostructured
superconductor with Au nanoparticles.

Keywords: Bi-based superconductors,
Compaction pressure, X-ray diffraction.
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Figure 1: Meissner effect of the Bi-2212
superconducting sample at 300 Mpa with a

thermal treatment at 840°C for 36 hours and its
characteristic microstructure (SEM).
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Bright-Excitons Splittings in CsPbX; (X= CI, Br, 1) Nanocrystals
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Abstract:

A precise understanding of the excitonic fine
structure is an essential step in view of the
applications at the single object scale of all-
inorganic perovskite nanocrystals in domains
like nanophotonics or quantum optics. This new
kind of colloidal materials has emerged recently
as potential alternatives to 11-VI semiconducting
nanocrystals thanks to their defect-tolerance
behaviour. In this work, the contribution of the
long-range exchange interaction to the bright-
exciton splittings is computed in strong and
weak confinement regimes by using the group
theory and k.p arguments. We show that the
interplay of the shape anisotropy and the
crystalline phase of a nanocrystal define the
energy splitting between the fine structure
components and then the  emission
characteristics. Different regimes are explored
from weak to strong exciton confinement. In the
weak connement regime, splittings are inversely
proportional to the cube of the exciton Bohr
radius and we observe an increase of the
splittings from iodide, to bromide, then chloride
perovskite compounds. However, in the strong
connement regime, splittings increase inversely
proportional to the nanocrystal volume and, for
a given nanocrystal size, the splitting values are
comparable for the three halide perovskite
materials. This study provides crucial
informations to seek the optimization of
nanophotonic quantum devices manipulating the
excitonic fine structure.

Keywords: Excitons, Inorganic perovskites,
Nanocrystals
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Effect of nanoparticles of Titanium Dioxide in Technique
Textiles
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Abstract

Samples of ceramic fiber textile, with glass
insert that supports 640°C, were characterized.
Samples were prepared with 5% and 10% of
titanium oxide nanoparticles, respectively,
through starch impregnation method; later they
were burned at different temperatures (400°C,
700°C, 800°C and 1100°C) during 24 h. The
weight of each one was obtained, and it was
observed that some samples lost more weight
than the others. Friction test was conducted to
evaluate wear. Macroscopic  observations
indicated that with 5% TiO, nanoparticles, the
samples were not eroded 100% as the others
without nanoparticles, but after being burned
above 700°C an opaque film is formed, and at
1100°C they became slightly yellowish and
diffused corresponding to a change from
clinoenstatite to MgSiOs; the insert was more
resist to temperature, the samples become brittle
from 800°C. The phases formed and the effect
of TiO2 nanoparticles at the surface was
determined by XRD, EDS-X, analysis, abrasion
test, Macrographs, Micrographs and EDS.
Finally, oxides formed a protective film in the
fiber depending of size of titanium dioxide and
the temperatures, the insert was more resist to
temperature, the fiber was protected of any
photocatalytic activity by titanium dioxide and
can attack dangerous and toxic chemicals; those
nanoparticles are adhered to textile surfaces,
converting this textile in new textile fiber.

Keywords: Ceramic fiber textile, nanoparticles,
impregnation, titanium dioxide, clinoenstatite.
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Figl Samples of group 1

Figure 1: This figure is the natural textile fiber
without nanoparticules , only was burned to 400
°C M-1, 700 °C M-2, 800 °C M-3 and 1100 °C
M-4, when is protected with TiO,,change the
properties.
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Characterization of Nanoparticles and related Metals in Tattoo Ink
using Asymmetrical Flow Field-Flow Fractionation coupled with
MALS and ICP-MS
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Abstract:

With increasing applications for nanoparticles in
various consumer products, there is an urgent
need for accurate and robust characterization
methods for these materials also in complex
matrices. Field-Flow Fractionation (FFF) is a
particle  separation and  characterization
technique that works over a broad size range,
usually from 1 nm to 30 um [1,2]. Coupled with
Multi Angle Light Scattering (MALS) and
Inductively-coupled Plasma Mass Spectrometry
(ICP-MS), FFF not only enables the
fractionation of sample constituents according to
their size, but also provides information about
elemental distributions across particle size
distributions [3-4].

Metal and metal oxide nanoparticles are added
to tattoo inks to enhance color vibrancy, but
cutaneous allergies may occur due to the
presence of toxic metals in inks.

This presentation demonstrates the use of
Asymmetrical Flow FFF (AF4) coupled with
MALS and ICP-MS to characterize several
types of commercial tattoo ink by metal
nanoparticle composition [5]. Particle size and
element distributions of various metals (Al, Ti,
Cu) were measured to study the composition of
ink ingredients as a function of particle size, and
dissolved versus particulate metal components.

Keywords: Tattoo ink, field-flow fractionation,
ICP-MS, nanoparticle analysis, complex
matrices
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Figure 1: Particle size distribution of a

nanoparticle containing, commercial tattoo ink
determined by AF4-MALS.
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High sensitivity aerosol mass concentration measurements by
Corona charger : PMo1 down to pg/m?
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Abstract

Air quality is a major issue, especially in terms of
suspended particles, for health and atmospheric
impact. Development of reliable and sensitive
measurements of size and concentration is still under
investigation especially below 100 nm, with recent
development below 30 nm! (e.g. to study initial
phases of nucleation on single digit nanometer sized
particles reported in the atmosphere’ and
toxicological effects of nanoparticles). A high
sensitivity aerosol mass concentration monitor is
developed based on aerosol corona charger, size
selection by impactors and measurement of the
current of charged aerosol per size range. Doing so
aerosol concentration can be derived from these
currents if the mean charge per particle (g,) and
aerosol penetration (P= Noy/ Nin) Versus particle size
are defined as presented here.

A needle-to-cylinder direct corona charger with
injection of aerosol in the discharge gap has been
designed to achieve high mean charge per particle
and high aerosol penetration. A flowrate of 16.7 L
min? (transit time of 15 ms). The discharge voltage
(Vcorona) IS set from 3.6 to 8 kV to achieve a stable
corona ion source with current from 1 to 30 pA.
Monodisperse NaCl particles with modal diameters
(dp) from 30 to 100 nm (Np~ 10% cm™®) are tested.
As expected from charging laws®®, the mean charge
per particle increases with particle diameter,
probably due to a combined diffusion and field
charging mechanism, even for particle as small as
30 nm. Despite higher charge for larger particles, the
electrical mobility decreases with lower electro-
collected fraction (higher penetration, cf. Figure 1).
Such efficient charging of nanometer sized particles
with fA detection limit of commercial electrometers,
allows one to estimate the number concentration of
the inlet sampled aerosol from current
measurements, taking into account the losses by
diffusion and electro-collection and the mean
charged per particle versus particle diameter (cf.
table 1). The related mass concentration can then be
evaluated assuming water density of atmospheric
particles.

The designed needle-to-cylinder direct corona
charger is thus suitable to reduce the detection limit
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of PMos, down to pg/m?, while traditional filter
based gravimetric measurement methods are limited
to ng/m® mass concentration range. Moreover, these
electrical measurements of mass concentration are
suitable for quasi-real time measurement (response
time ~0.1 ms). However, space charge electric field
due to charged particles, affects electrical losses, i.e.
the penetration required for mass concentration
evaluation.This affects the accuracy of calculated
PMo. for higher particle concentrations and/or for
larger particles mixed with particles smaller than 0.1
pum, which still has to be addressed to define the
concentration range of the apparatus.

Keywords: Aerosol, PMy i, corona charger,
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Figure 1: Aerosol penetration and mean charge per
particle versus particles size at various Vcorona

detection limit

Dp (nm)  number conc. mass conc.
(#/cm®) (pg/m®)
5 112* 2*
30 14 200
50 8 500
100 4 2000

Table 2: Detection limits versus monodisperse
particle size (*extrapolated values)
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Abstract:

Copper oxide nanoparticles (CuUONPs) were
synthesized in air by reducing copper (II)
sulfate pentahydrate salt (CuSO4-5H,0) in the
presence of sodium borohydride. The reaction
was stabilized with
Hexadecyltrimethylammonium bromide
(CTAB) in a basic medium and using
ultrasound waves. Different molar ratios of
CTAB:Cu?" and NaBH4:Cu?* were explored [1].
Optimum conditions to generate spherical,
stable, and monodispersed nanoparticles with
hydrodynamic diameters of 36 £ 1.3 nm were
obtained, using 16 mM CTAB and 2 M NaBH4
(molar ratios Cu?:CTAB:NaBH; of 1:6:10).
After to addition of NaBH. into CTAB:Cu?®*
solution, an intense color change from colorless
to dark brown was observed and abundant foam
formation indicated the metallic copper
particles formation, which was oxidized rapidly
by the oxygen in the ambient. The TEM
micrographs (Figure 1a) revealed that the first
dark brown colloidal suspension corresponded
to metal clusters of 3.6 + 1.4 nm. By the DLS
measurements, we obtained a distribution size
number for CuNPs of 2 + 0.3 nm with high
polydispersity index (PDI) value of 0.592. The
DLS measurements suggest that while NaBH4
continues to react, the colloidal suspension
would be polydispersed. This could be
explained by the presence of metallic nuclei,
and micelles of dynamic sizes. Figure 1b shows
the TEM micrographs that were obtained after
72 hr in the yellow colloidal suspension of
copper oxide, in which spherical particles 34
12 nm in diameter and homogeneously
distributed, were observed. Similar results were
observed with DLS, where a distribution size
number of 36 = 1.3 nm and a PDI of 0.150, with
a Zeta potential value of +37 = 1.5 mV, were
attained.
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X-ray diffraction (XRD) was implemented, and
a monoclinic CuO crystal system was formed.
This demonstrated a monoclinic crystal system
corresponding to CuO. The diffraction peaks
were identified and confirmed according to
their selected area electron diffraction (SAED)
patterns.

Particle diameter (nm)

Size distribution (n*)

5w % N % N &
Particle diameter (nm)

Figure 1: Transmission Electron Microscopy
(TEM) micrographs of a) CuNPs and b)
CuONPs with their respective particle size
distribution histograms.
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Interaction of iron oxide nanoparticles with transferrin: effect on
stability and iron uptake
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Abstract:

Recent research demonstrated that nanoparticles
(NPs) can enhance or suppress the immune
response by binding to proteins of the blood
stream [1].

We focused on superparamagnetic iron oxide
nanoparticles (SPIONSs) which have received an
increasing interest in the last decades due to
their numerous applications as theranostics in
nanomedicine [2]. They present many
advantages related to their magnetic properties,
including magnetic manipulation and separation.
One important blood protein is transferrin
whose main role is to deliver iron to all
biological tissues. Transferrin is composed of
two distinct domains, each containing an iron
binding site.

We investigated by various biophysical
techniques the interactions of SPIONs, namely
maghemite y-Fe>O3 NPs modified with different
coatings (e.g. citrate, dextran) with transferrin.
In  particular, dynamic light scattering
measurements as well as SDS-PAGE analyses
revealed protein corona formation of our model
protein transferrin on the NPs. Transferrin acted
as a stabilizing agent of the colloidal suspension
as verified by zeta potential measurements. In
addition, the influence of the NPs on the iron
binding site of transferrin in comparison to the
binding to iron-free transferrin (apotransferrin)
was studied via UV-Vis spectroscopy and urea
PAGE.

Further, we characterized functionalized-NP and
identified structural changes of the proteins
upon interaction with nanoparticles using
circular dichroism spectroscopy. The secondary
structure of transferrin is not altered due to the
iron-loading. The iron-saturation of the protein
strongly affects the formation of the
bioconjugate. The iron-free form results in a
threefold increase of the hydrodynamic diameter
compared to the partly iron-saturated transferrin.
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Keywords: iron oxide nanoparticles, transferrin,
apotransferrin, protein corona, nanoparticle-
protein interaction,  circular  dichroism
spectroscopy, stability, iron uptake.
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Figure 1. Schematic of the formation of
bioconjugates  consisting  of  magnetic
nanoparticles with attached protein corona. The
loaded magnetic nanoparticles were isolated by
applying a magnetic field.
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Live Animal Imaging of a Labeled Chlamydia Recombinant

Protein Encapsulated in PLGA Nanoparticles
V. A. Dennis,*" R. Sahu,>' S. R. Singh,*
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Abstract:

Advancement in the nanomaterial field related
to nanoparticle formulation and their use as
therapeutic agents in biomedical applications for
drug delivery, vaccine and targeting is being
explored. To develop nanoparticles for these

critical applications, it is important to
understand their uptake and intracellular
allocation for processing. The intracellular

activity of nanoparticles is vital for biosafety
and therapeutic efficacy. We have developed a
Chlamydia  trachomatis  nanovaccine by
encapsulating its immunologically dominant
recombinant MOMP (major outer membrane
protein) in biodegradable PLGA (poly (lactic-
co-glycolic  acid)  nanoparticles (PLGA-
rMOMP). Chlamydia is the leading cause of
bacterial ~ sexually  transmitted infections
worldwide, and vaccine development is needed
to reduce its infections. The aim of this study
was to investigate the uptake and intracellular
distribution of the nanovaccine by live imaging
in mice. We encapsulated FITC- or Infrared
(IR)-labeled rMOMP in PLGA nanoparticles
followed by subcutaneous injection of mice.
Imaging of the labeled rIMOMP encapsulated in
PLGA nanoparticles was monitored daily up to
15 days using a live imaging system. Our results
show that the encapsulated labeled rMOMP
localized to regional lymph nodes and induced
an early antibody response in mice, suggesting
protein release and its capacity to induce an
adaptive immune response.

Keywords: PLGA nanoparticles, Live imaging,
Chlamydia nanovaccine, Bacteria, rMOMP,
FITC, Infrared, Lymph nodes, Antibody.

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

FITC

PLGA-
rMOMP

rMOMP PLGA

Figure 1: Trafficking of a labeled (IR or FITC)
Chlamydia recombinant major outer membrane
protein (rMOMP) encapsulated in PLGA
nanoparticles to regional nodes in mice. White
circles show the protein in regional lymph
nodes after day 15 of injecting mice with the
labeled rMOMP, PLGA-encapsulated labeled
rMOMP (PLGA-rMOMP) or labeled PLGA
nanoparticles alone.
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Study on phase transformation pathways of iron sulfide minerals

Yen-Hua Chen* and Ding-Teng Jhan
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Abstract:

Iron sulfide is the common mineral on the
natural Earth, and the changes in its chemical
composition would lead to different iron sulfide
mineral-phases (mackinawite: FeS, greigite:
FesSs, pyrrhotite: FeixS, pyrite: FeS,, etc.).
There has been increasing attraction in iron
sulphide minerals because of its importance in
geology. For example, pyrrhotite
geothermometry is applied to determine the
temperature of ore bodies. Greigite is acted as a
reference for the presence of methane in natural
gas hydrate. It is also imperative for
paleomagnetic and environmental magnetic
investigations. The growth process and phase
transition of iron sulfides also have a
significance in the global sulfur-cycle and the
origin of life. Owing to the geological
importance  of iron  sulfides, detailed
understanding of their phase transition pathways
and their mineral properties would be valuable.
However, the formation pathways of iron
sulfides are still not fully understood.

In this study, iron sulfide minerals are
synthesized via hydrothermal methods under
anoxic conditions (adjusting the effects on the
pH values, growth temperature and reaction
time, ratio of Fe/S in the raw materials). It was
observed that it was against for greigite growth
at a higher reaction temperature and greigite and
pyrrhotite favored to exist under the acidic
environment. Moreover, the sufficient sulfur-
source (a higher ratio of S/Fe) would enhance
the phase transformation from greigite to
smythite or pyrite. It was also found that the
phase transition sequence was in the order of
FeS— FesSs— FeyS11—FerSg during the crystal
growth and this order was agreed with the
natural phenomenon. This suggested that
pyrrhotite was the final stable phase under this
anoxic condition.

Keywords: iron sulfide mineral, hydrothermal
method, phase transformation pathway.
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Figure 1: The XRD pattern of iron sulfide
minerals under the synthetic parameters of 135

C, Fe/S =3/4 with different reaction time.
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Membrane affinity of fluorescently labelled and drug-conjugated
peptides
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Abstract:

Recently cationic amphiphilic and antimicrobial
peptides have considerable attention as possible
agents against drug resistant pathogens [1]. Cell
penetrating peptides (cpps) and several synthetic
derivatives are also in the focus of research and
therapeutic applications because of their
promising ability to transport nonpermeable
drugs into live cells [2]. Further assistance
might be provided by attaching a fluorescent
moiety to a bioactive component to follow the
transport,  distribution,  cellular  uptake,
internalisation ~ processes in  biological
systems [3].

The aim of the present work was to investigate
the membrane affinity of a series of peptides
and comparing the effect of fluorescent labelling
and drug-conjugation on them. The studied
peptides contains some cell penetrating peptides
such as  Penetratin and  Transportan,
antimicrobial peptides like Magainin and
Melittin, synthetic cationic peptides such as
OT20, a shorter derivative of Crotamin and
Dhvar4 a synthetic derivative of Histatin. These
original peptides, their 5(6)-carboxyfluorescein
(Cf) derivatives and their isoniazid (INH) drug
conjugates were investigated. The peptide-lipid
interactions were characterized and compared
applying Langmuir monolayer cell membrane
models. Zwitterionic DPPC, negatively charged
DPPC+DPPG and DPPC+mycolic acid mixed
lipid monolayers were used.

It was found that the membrane affinity to the
neutral lipid layer was increased by Cf-
conjugation in the case of the most hydrophobic
Magainin, Melittin and Transportan. Enhanced
membrane  affinity was found  using
DPPC+DPPG model membrane for both
unlabelled and Cf-labelled peptides
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due to the interplay of the hydrophobic and
electrostatic interactions. Peptide-lipid
interactions also increased as a result of INH
conjugation particularly in the case of
Transportan and Magainin with DPPC+mycolic
acid mixed monolayer.

The understanding the interactions of bioactive
peptides and drug-carrier conjugates with cell
membrane might contribute to design more
effective therapeutic systems.

Keywords: cell penetrating peptides, membrane
affinity, lipid  monolayer,  penetration,
fluorescent labelling, drug-conjugation
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Optical Sensing by Plasmon Resonance Effects of Gold Nanoparticles
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Abstract:

Photon localization has attracted intense interest
since it was first proposed as the analogue of
electron localization. Nanostructured materials have
unique physical and chemical properties as a result
of their small size. These properties differ from
those of the corresponding bulk materials. If the
electromagnetic wave is coupled to a collective
oscillation of surface electrons around metal
nanoparticles, surface plasmon wave is generated
and localized strongly in the vicinity of
nanoparticle. Experimentally, there have been many
research efforts devoted to the structural, electrical,
and optical properties of low dimensional structures,
such as quantum dots, quantum wells, nanoparticles,
nanowires, and nanotubes. Among them, metallic
nanostructures have drawn considerable attention
because of surface plasmon resonance effects,
selective  photoabsorption,  photoluminescence
enhancement, Raman enhancement, large optical
nonlinearity, and ultrafast response. Otto et al.
studied the surface-enhanced Raman spectra of
DNA bases due to plasmon resonance effects of
roughened silver film[1]. Lee et al. investigated the
optical properties of nucleobase thin films by
attenuated total reflection and surface-enhanced
Raman spectroscopy[2]. In this research, we
examined the optical sensing properties of gold
nanoparticles (AuNPs) prepared by reduction
method using citrate and gold chloride (Figure 1).
The size of AuNPs was adjusted by Ostwald
ripening mechanism. The optical and structural
properties of AuNPs were measured by dynamic
light scattering, transmission electron microscopy
(TEM), UV-visible absorption and Raman
spectroscopy. The optical sensing properties of
AuNPs were studied by comparing the Raman
spectra of biomaterials and/or functional materials
incubated on AuNPs with those on glass.

Keywords: gold nanoparticles, plasmon resonance,
surfaced-enhanced Raman  scattering, optical
sensing, functional materials, biomaterials.
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Figure 1: TEM image, particle size distribution and
absorption spectrum of gold nanoparticles prepared
by citrate reduction method and Ostwald ripening.
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Improvement of photoactivity of modified-chlorin
photosensitizer by its conjugation to metallic and
bimetallic nanoparticles

J. A. Magalhées'", B. C. Nunes!, A. U. Fernandes?, D.C. Arruda3, E. R. Camargo®, D. B. Tada®

! Federal University of Sdo Paulo, Department of Science and Technology, Sao Paulo, Brazil
2 Anhembi Morumbi University, Institute of Biomedical Engineering, Sao Paulo, Brazil
3 University of Mogi das Cruzes, Integrated Nucleus of Biotechnology, Séo Paulo, Brazil
“ Federal University of Sdo Carlos, Department of Chemistry, Sao Paulo, Brazil

*jmagalhaaes@gmail.com

Abstract:

Although Photodynamic Therapy (PDT) of
cancer has been continously improved, its
efficiency is still limited by the high toxicity in
the absence of irradiation, aggregation and
deactivation by biomolecules of the most
common photosensitizers (PS). The association
of PS to nanoparticles (NPs) can be a promising
tool to overcome these limitations and also to
enhance PS tumor selectivity. In addition, the
association of PS to metallic and bimetallic NPs
may provide the enhancement of PS
photoactivity due to the electronic coupling with
NPs plasmon effect. Herein we investigate the
physicochemical properties and cytotoxicity of
two types of NPs: gold NPs (AuNPs) and gold-
platinum NPs (AuPt NPs) functionalized with a
chlorin molecule modified with a thiol group.
AUNPs were obtained by the Turkevich method?!
whereas AUPtNPs were obtained by the co-
reduction of gold and platinum salts?>. TEM
images were used to investigate morphology
and size of the NPs and dynamic light scattering
(DLS) was wused to determine the size
distribution and {-potential of coated and
uncoated NPs. NPs composition was determined
by XRD analysis, and ICP-OES was used to
guantify the metals in the NPs. Finally,
cytotoxicity of coated and uncoated NPs was
evaluated by the MTT assay. For AUNPs,
images of TEM showed nearly spherical NPs,
with a mean diameter of 19 £ 8 nm, whereas the
hydrodynamic diameter obtained by DLS was of
144 + 0.4 nm. AuNPs presented satisfactory
colloidal stability, as indicated by the {-potential
of -47 £ 1 mV. XRD analysis showed the
characteristic peaks of gold with FCC
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crystalline structure, without contaminants, and
metal concentration of 1.9 mM which was
obtained by ICP-OES. The plasmon band of
AuUNPs was visible at 525 nm by UV-Vis
spectrometry. The functionalization of AuNPs
with the chlorin-modified molecule was
successful since the characteristic peaks of
modified-chlorin (408 nm and 670 nm) and the
displacement of the gold plasmon band were
observed in the UV-Vis spectrum of chlorin-
AUNPs. Moreover, it was observed a decrease in
{-potential (-36 £ 4 mV) and an increase of
hydrodynamic diameter (17.0 £ 0.8 nm)
compared to the AuNPs. In the case fo AuPt
NPs, the hydrodynamic diameter could not be
measured by DLS due to the very small size of
these NPs. Therefore AuPt NPs were
characterized by TEM. The images showed
spherical NPs with mean diameter of 2.2 £ 0.9
nm. Individual peaks of gold and platinum did
not match with the peaks observed by XRD
analysis, indicating an alloy structure of the
NPs. ICP-OES indicated the molar proportion of
80% Au and 20% Pt. After functionalization,
the presence of the modified chlorin peaks in
UV-Vis spectrum confirmed the presence of
chlorin in the AuPt NPs although the (-potential
did not change significantly. In the MTT assay
the incubation of melanoma cells (B16-
F10Nex2) with functionalized NPs and chlorin
in solution followed by laser irradiation of 660
nm and 102 J/cm? resulted in cytotoxicity of
chlorin-AuNPs and chlorin-AuPtNPs 56% and
25% higher, respectively compared to chlorin in
solution. At the same concentration of chlorin
and under laser irradiation of 660 nm and 102
Jlem?, chlorin-AuNPs were twice more toxic to
B16-F10Nex2 cells (41%) than chlorin-
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AUPtNPs (70%). Therefore, both types of NPs
improved the ph/]ototoxicity of the modified-
chlorin molecule in comparision with chlorin
free in solution. Comparing the two types of
NPs, it was possible to conclude that gold NPs
provided higher increase in the photoactivity of
chlorin. It is noteworthy that in the absence of
irradiation, both types of NPs were able to
reduce chlorin toxicity. The cell viability of
functionalized NPs in the absence of irradiation
was about 88% and 106% whereas the chlorin in
solution resulted in 96% of cell viability. In
conclusion the functionalization of AuNPs and
AuPt NPs with modified-chlorin resulted in
promising platforms to be used in the PDT of
cancer since they showed enhanced photoactivty
and lower toxicity in the dark.

Keywords:  photodynamic  therapy, gold
nanoparticles, gold-platinum nanoparticles.
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Target Catalyzed Toehold-mediated DNA Strand Displacement
Events for Universal MicroRNA Detection
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Abstract:

Herein, we developed a label-free, and enzyme-
free method for the colorimetric detection of
microRNA (miRNA). The system utilizes a
detection probe that specifically binds to the
target miIRNA and sequentially releases a
catalyst strand (CS) used for the triggering of
the subsequent TMSD reaction. Thus, in the
presence of target mMIRNA, CS, which mediates
the formation of an active G-quadruplex
DNAzyme that is initially caged and inactivated
by a blocker strand, is released. Additionally, a
fuel strand that is supplemented for the
recycling of the CS induces another round of
TMSD events, consequently leading to the
generation of a large number of active G-
guadruplex DNAzymes. As a result, a distinct
colorimetric signal is produced by the ABTS
oxidation promoted by the peroxidase
mimicking activity of the free G-quadruplex
DNAzymes. Based on this novel strategy, we
detected miR-141, a promising biomarker for
human prostate cancer, with high selectivity.
The diagnostic capability of this system was
demonstrated by reliably determining target
miR-141 in human serum, showing its great
potential towards real clinical applications.
Importantly, the proposed approach involves
separate  target recognition and signal
transduction modules. Therefore, it could be
extended to analyze different target miRNAs by
simply redesigning the detection probe while
keeping the same signal transduction module as
a universal signal amplification unit, which was
demonstrated by analyzing a second target
mMiRNA, let-7d.

Keywords: miRNA detection, colorimetric
biosensor, biomarker  detection, toehold-
mediated strand displacement, enzyme-free,
label-free, G-quadruplex DNAzyme
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Figure 1: Schematic illustration of the target
miRNA detection system based on the target-
triggered TMSD reaction (The 3’-end is
denoted by an arrow).
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Target-responsive DNA polymerase activity based fluorescence
aptasensor for protein detection
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Abstract:

Herein, a novel detection method for target
protein based on the target-responsive DNA
polymerase activity was described. In principle,
the detection probe consisting of two different
types of DNA aptamers specific to the target
protein and DNA polymerase, regulates DNA
polymerase activity in response to the target
protein. The presence of target protein enables
destabilization of the detection probe and
recovery of DNA polymerase activity.
Consequently, the activated DNA polymerase
triggers the primer extension reaction on the
target-specific DNA aptamer, which recycles
the target protein for repetitive activation cycle
of DNA polymerase. Also, DNA polymerase
initiates the multiple primer extension reactions
on the primer/template complex, leading to the
release of the fluorophore from TagMan probe
and dramatic fluorescence enhancement (Figure
1). Based on this strategy, we successfully
determined a model target protein, lysozyme
(Lys) with a limit of detection as low as 0.8 nM
and demonstrated the practical applicability of
this system by analyzing Lys in human serum.

Keywords: DNA aptamer, DNA polymerase
activity, Aptamer-protein interaction, Protein
detection, Biosensor
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Figure 1. Schematic illustration of the protein
detection method based on the target-responsive
DNA polymerase activity.
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Inferring Metabolic Pathways in Freshwater Bacteria
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Abstract:

In  recent years, research interest in
metagenomics using next-generation sequencing
(NGS) has been increasing in the environmental
field. In particular, the NGS of 16S rRNA gene
has been applied for the toxicity study of
nanomaterials on freshwater microorganisms. A
question arising is whether NGS data can be
further applied for the description of metabolic
pathways. Up to now, no such study has
investigated this possibility. Bowman has
introduced the term ‘inferring metabolic
pathways’, which is based on a phylogenetic
placement approach of 16S rRNA gene
sequence collections and MetaCyc pathway
ontology’. We have applied the Bowman
method (Paprica framework) to analyse NGS
data from our recent publication, where the
nano-scale ZVI (nZVI1) dynamically changed
freshwater bacterial communities compared to
less influencing micro-scale ZVI (mZVI)2. This
encouraged us to ask questions concerning
bacterial metabolic pathways: which were
significantly involved or how they changed due
to different effect of nZVI and mzVI (Figure
1)? Our first results revealed that 268 metabolic
pathways played significant roles (p<0.05) in
bacterial metabolisms. The 50 most influenced
pathways were chosen for further investigation
and included 30 for degradation, 15 for
biosynthesis, 3 for biosynthesis/degradation and
2 for detoxification. Additionally, we applied
three methods for evaluation of inferring
metabolic pathways: i) Bowman, ii) DESEQ2
and iii) our own method ‘Spanek’, and obtained
8 common and significant pathways. These
pathways showed similar trend between mzZVI
treatment and the control. nZVI treatment
affected acetoin degradation and hydrogen
oxidation, both highly decreased after 7 days
and increased again after 21 days; six other
pathways: octane oxidation, propanoyl CoA
degradation Il, methylsalicylate degradation,
chlorosalicylate  degradation and  Entner-
Doudoroff pathway | highly increased after 7
days and decreased after 21 days. Investigation
of inferring metabolic pathways based on 16S
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rRNA sequencing is very promising, though it
has to be verified by transcriptomic analysis.

Keywords: inferring metabolism, mzZVI, nzZVI,
bacterial communities, reservoir water.
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Figure 1: Illustration of the fundamental
guestion of which metabolic pathways were
significantly involved or changed due to the
different effect of mZVI and nZVI on bacterial
communities in reservoir water. An inserted

heatmap shows 8 significant metabolic
pathways affected by ZVI.
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Food Matrices-ZnO Nanoparticle Interactions and their Effects on
Biological Systems

Hye-rin Jin,! Yu Jin,! Soo-Jin Choi,!

! Seoul Women’s University, Department of Food Science & Technololgy, Seoul, Republic of Korea

Abstract:

Nanotechnology have been applied to various
fields such as electronic products, consumer
goods, pharmaceutical, and food industry (Luykx
et al.; 2008). ZnO nanoparticles (NPs) are widely
used as dietary supplements, food additives, and
food packaging materials due to their nutritional
value and antimicrobial property. Therefore,
humans are more likely to be exposed to ZnO
NPs (Yan et al.; 2015). However, there are little
study on the interaction between ZnO NPs and
food matrices, which can affect their toxicity and
biologica responses. Indeed, food additive ZnO
NPs are directly added to food matrices
composed of various components. In this study,
we investigated the interactions between food
matrices (saccharides and proteins) and ZnO NPs
by  characterizing  their ~ changes in
physicochemical properties. Quantitative
analysis of the interactions was performed by
HPLC and fluorescence quenching. Moreover,
the interaction effects on biological responses
were evaluated in terms of cytotoxicity (Figure
1), cellular uptake, intestinal transport, oral
absorption, protein deformation, and digestive
efficiency. The results show that ZnO NPs were
interacted with saccharides and proteins in food
matrices, but the interaction effects on biological
responses were highly dependet on the type of
food components. Interestingly, the interactions
did not affect protein structure or digestive
efficiency. These findings will be useful to
elucidate and understand potential toxicity of
ZnO NPs in the food industry.

Keywords: zinc oxide nanoparticles, interaction,
saccharide, protein, food matrix, cytotoxicity,
intestinal transport, oral absorption, protein
deformation, digestive efficiency.
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Figure 1. Cytotoxic effect caused by the
interaction between ZnO NPs and food matrices.
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Detection of Zinc Oxide Nanoparticles in Food Matrices Using
Cloud Point Extraction Approch

Ye-Rin Jeon,! Soo-Jin Choit
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Abstract:

Zinc oxide (ZnO) have been used in diverse
food products as food additives because of its
nutritional value (Faiz et al; 2015). Recently,
the use of zinc oxide nanoparticles (ZnO NPs)
in food products is increasing along with
nanotechnology development. However, study
on physicochemical changes of ZnO NPs in
food matrices and their effects on biological
responses has not been extensively explored.
Moreover, it is important to separate and detect
ZnO NPs as particulate forms to determine their
fate in food products. In this study, we
developed separation and detection method of
ZnO NPs in food matrices using cloud point
extraction (CPE) approach (Figure 1)(Majedi et
al; 2012), followed by characterization by
dynamic light scattering (DLS) and field
emission scanning electron microscopy (FE-
SEM) analysis. Quantitative analysis of ZnO
NPs and zinc ion was performed with
inductively coupled plasma atomic emission
spectroscopy (ICP-AES). The CPE method was
also applied to determine their biological fate in
human intestinal cells. The results show that
particle size distributions and morphology of
ZnO NPs obtained after CPE in food matrices
were not significantly different from those of
pristine. The recovery of ZnO NPs in foods
using CPE was more than 80% with primarily
particulate forms. These findings will be useful
to determine the fate of ZnO NPs in food
matrices and biological samples, and provide
basic information about their safety aspect in
food products.

Keywords: cloud point extraction, zinc oxide,
food additive, size distribution, food matrices,
cellular fate.
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Figure 1: Schematic illustration for separation
and quantification of ZnO NPs in food matrices
using CPE method.
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Safety Evaluation of Food Additives Titanium Dioxide and its
Quantitative Analysis in Food Matrices

Ji-Soo Hwang,! Soo-Jin Choi,*
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Abstract:

The use of nanoparticles as food additives has
been increasing due to the development of
nanotechnology in the food industry (He et al.;
2016). Titanium dioxide (TiOz) are used in
various food products to improve functionality
as a coloring agent (Peters et al.; 2014).
However, study on the safety aspects of food
additive TiO; as well as their physicochemical
properties and quantitative analysis in food
matrices has not been well explored. In this
study, physicochemical properties of food
additive  TiO,  particles  from  various
manufacturers were characterized by measuring
hydrodynamic radii and zeta potentials, and
their cytotoxicity was investigated in human
intestinal cells. Quantitative analysis of TiO> in
simulated and commercial food products were
performed by  optimizing  pretreatment
conditions, followed by inductively coupled
plasma-atomic emission spectroscopy (ICP-
AES) analysis (Figure 1). The results
demonstrate that the hydrodynamic radii of food
additive pristine TiO, particles were larger than
100 nm. There is little cytotoxicity caused by
TiO; in terms of cell proliferation and
membrane damage, except oxidative stress
induction. Their intestinal transport was found
to be extremely low. The presence of food
additive TiO. in various commercial food
products was confirmed, showing similar
physicochemical properties to pristine TiOx.
These findings will provide basic information
about safety aspect of food additive TiO..

Keywords: titanium dioxide, food additives,
physicochemical property, cytotoxicity,
guantative analysis.
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Figure 1: Shematic illustration for quantitative
analysis of TiO, by ICP-AES after pretreatment
such as ashing process and acid treatment.
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Size Distribution, Cytotoxicity of Food Additive Silicon Dioxide
and Establishment of their Quantitative Analytical Methods in
Commercial Food Products

Ye-Hyun Kim?, Soo-Jin Choit

! Seoul Women’s University, Department of Food Science & Technology, Seoul, Republic of Korea

Abstract:

Silicon dioxide (SiO,) nanoparticles have been
widely used as food additives to prevent
powders or food products from clumping during
storage, namely, for anticaking effect (Dekkers
et al.; 2011). Therefore, information on the
potential toxicity of food additive SiO, and
establishment of accurate quantitative analytical
methods for their detection in food matrices is
required (Yang et al.; 2014). In this study, we
analyzed the size distribution of commercially
available food additive SiO, from various
manufacturers. Cytotoxicity and intestinal
transport of SiO, were evaluated in human
intestinal cells and 3D cell culture models.
Furthermore, quantitative analysis of SiO, was
performed in commercial food products by
optimizing pretreatment conditions, followed by
molybdenum blue analysis (Figure 1). The
results demonstrate that SiO, was found to be
aggregated in distilled water and food matrix
solution, although its primary particle size was
less than 100 nm. Although no significant
effects of food additive SiO, on cytotoxicity
exposed in short-term, long-term exposure
investigated cytotoxicity. On the other hand,
quantitative analytical results from commercial
food products were highly affected by food
matrices, indicating the necessity of different
pretreatment methods depending on food matrix
type. These findings will provide practical
information for safety aspect of food additive
SiO; and their fate in food matrices.

Keywords: silicon dioxide, food additive, size
distribution, cytotoxicity, intestinal transport,
guantitative analysis, food matrices.
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Figure 1: Schematic illustration for quantitative
analysis of food additive SiO, nanoparticles in
various commercial food products.
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The effect of novel silver alloys nanoparticles on soil bacteria
K. Hrn¢itova,' N. A.H. Nguyen,* A. Sevct!
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Liberec, Czech Republic

Abstract:

Silver metal alloy nanoparticles (NPs) are
developed for biomedical applications because
of their antibacterial properties. However, these
NPs may accidentaly end in the environment.
Therefore we investigated an impact of silver
metal alloy NPs on bacteria commonly present
in soil environment. Two different silver alloys
NPs were produced by pulsed laser ablation in
liquid (PLAL) — silver cobalt (AgCo) and silver
iron (AgFe). Toxicity of these NPs was tested
on gram-positive Bacillus subtilis and gram-
negative Pseudomonas putida. Tested NPs were
modifed by ligands (i.e. glutathione) which can
cause different toxicity. Bacteria were exposed
to NPs in 96 well microplates in different
concentrations for short exposure time (3 h) and
longer exposure time (24 h). Then we performed
‘spot test” on agar growth medium for
visualization of cell viability by their colony
forming ability (Figure 1). Minimal inhibition
concentration (MIC) was determined for each
NPs.

Silver metal alloys NPs were more toxic
towards to B. subtilis than P. putida. MIC of
AgCo and AgFe for B. subtilis was 1.5 mg/L
after 3h or 24h. MIC of AgCo and AgFe for P.
putida was 6.25 mg/L and 12.5 mg/L after 3h,
respectively. The MIC of two NPs was lower
after 24h, AgCo: 3.125 mg/L and AgFe: 1.5
mg/L.

Our results revealed negative effect of silver
metal nanoalloys on soil bacteria, the gram-
positive cells being more affected. Moreover,
24-h exposure caused stronger effect, most
probably due to released Ag of Fe ions.

Keywords: silver metal alloy, silver cobalt
alloy, silver iron alloy, nanoparticles, toxicity,
nanotoxicity, bacteria
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Figure 1: Spot test — viability of Pseudomonas
putida exposed to AgFe nanoparticles for 3
hours. Cells were transferred onto toxicant-free
agar medium and incubated at 30°C for one
day. Cell viability was estimated by colony
forming ability.
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ecotoxicity toward various organisms
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Abstract:

Nanomaterials attracted research attention in
recent decades due to their unique chemical
properties to which their enhanced chemical
reactivities could be attributed, which also made
these nano-scale materials increasingly useful
for various applications, including remediation
technologies.

Despite the fact that nZVI was proved to be
generally harmless during application to
contaminated groundwater aquifers, certain
concern regarding the use of a new nano-scale
substance still persist. Note-worthy, there is still
a lack of a suitable, comprehensive and
standardized set of tests for the ecotoxicological
evaluation of novel nanomaterials in order to
determine whether the new materials are more
or less harmful. The problem lies in the
particularity of nanomaterial mode of action
when classical ecotoxicity tests are not useable.
Therefore, the aim of this contribution was to
test feasibility of a newly developed protocol for
evaluation of potentially negative effects caused
by nanoparticles represented by nZVI and to
investigate whether the assay can be employed
for the estimation of oxidative stress using
organism from different Kingdoms.

The assay was realized via analysis of cell
compartment  damage  products  mainly
represented by GC-MS detection of aldehydes
created after oxidation of membrane lipids and
proteins. The tested organisms included
bacteria, fungi and algae. The results showed
that various degradation products e.g.
formaldehyde, acrolein, methional, glyoxal, and
benzaldehyde etc. could be detected after nZVI
exposition (Figure 1). The results showed that
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the products were detected in a dose-dependent
manner that proved reliability of the assays.

Keywords: oxidative stress, nZVI, toxicity
assay, malondialdehyde, remediation, reactive
0Xygen species.
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Figure 1: EC50 values of formaldehyde

production for various organisms after

exposition to nZVI.
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Effect of gold nanoparticles on virus infection in a respiratory cell

model
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Abstract:

The “Project on Emerging Nanotechnologies”
(2013, http://www.nanotechproject.org/cpi/about
fanalysis/) has shown that gold is one of the
most common nanomaterial among consumer
products. The growing production and use of
these engineered nanoparticles (NPs) result in
an increasing number of exposed workers and
consumers. Due to their aerodynamic diameter
< 0.1 um, NPs show high deposition in the
lower respiratory tract and can cause oxidative
stress, peribronchial inflammation, progressive
interstitial ~ fibrosis, chronic  inflammatory
responses, and create a favorable substrate to
respiratory infections. Moreover the NP higher
surface reactivity can act as carrier for
copollutants of biological origin, such as
bacteria and viruses. Adenoviruses are a
common cause of upper and lower respiratory
tract infections and have been frequently
associated with exacerbation of inflammatory
airway diseases (1). At present there is no
information about the impact of viral infection
on the toxicological effects of AuNPs or vice
versa. The aim of this study is to assess the
influence of NP exposure on viral infection in a
respiratory cell model: the alveolar basal
epithelial cell line A549.

The interaction between NPs and respiratory
cells has been investigated by electron
microscopy (Figure 1a), whereas Adenovirus
infection has been studied using cytological,
virological, and ultrastructural  methods
(Figurelb).

Results of this research indicate that NP
exposure can enhance virus infectivity
suggesting that viral respiratory infections have
to be considered as another potential NP risk to
human health.

Funding: This work has been supported by the
BRIC-INAIL project through the grant ID 53

Keywords: nanoparticles, cytotoxicity, viral
infection  assays,  transmission  electron
microscopy.
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Figure 1 A549 cells: TEM micropraphs
showing NPs inside the cytoplasm (A) and viral
particles inside the nucleus (B).
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Characterization of nano scale zero valent iron (nZV1) in different
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Abstract:

Nanoscale zero-valent iron (nZV1) has gained
notable recognition for its application in
remediation of environmental hazards mainly
chlorinated ethenes and BTEX from polluted
aquifers. With the increasing use of nzVI,
there is still uncertainty with respect to their
potential environmental impacts  and
toxicological effects, especially at molecular
levels. The aim of this study was to elucidate
potential effect of nZVI on the soil bacterium,
Pseudomonas putida at its transcriptomic level.
Preliminary studies have been performed to
compare (1) various RNA extraction methods
from seven different companies to effectively
extract RNA from Pseudomonas putida in
control and nzZVI spiked media; (2) nzZVI
behaviour in four different aqueous media,
particularly ~ carbonate  buffer pH 8,
environmental  reservoir water pH 7,
physiological solution (NaCl 0.85%) and 10%
tryptone soy broth (TSB) by the use of
differential centrifugal sedimentation (DCS)
and UV-Vis spectrophotometer analysis.
Among the seven, RNA extraction by the
phenol-chloroform method using RNAzol
(MRC, Inc.) has shown to be able to recover
both small RNA and large RNA while RNA
extraction by using most of the commercial
column kits are often unable to elute both the
RNA species in a single elution. The UV-Vis
absorbance peak of nZVI was at around 210
nm in most of the aqueous media except
submerged condition in TSB which is shown at
245 nm. DCS analysis revealed that nzZVI
increasingly agglomerates from the beginning
until 25 hours in the carbonate buffer and
physiological solution while, to our surprise,
nZVl in TSB showed a relatively stable
particle state throughout the exposure. Based
on the collected data so far, we will set-up the
most appropriate nZVI conditions for the
transcriptomic analysis.
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Abstract:

The emergence of many resistant bacteria
causing serious bacterial infections has spread
the threat of infectious diseases. These threats
have increased the alertness to discover natural
products to be used as antimicrobials (1). New
drugs from natural products, will counterfeit the
chemical diversity of chemical medications. The
synthetic antimicrobials have many side effects,
while, naturally produced antimicrobials have
fewer side effects. Moreover, they have superior
benefits in the biocompatibility with human
body and high therapeutic value (1, 2). Another
big problem of concern in this research was
food waste management. Egypt as well as many
developing countries is facing environmental
and sanitary problems because of the incomplete
food waste management. Wastes from food
processing industries (fruits and vegetables)
ranked the second one in generation of wastes
after household sewage wastes (3). However,
these wastes have vast economical potentials
and recently have shown great interest to
researchers, yet, are considered pollutants if not
well utilized. New trends have shown food
waste products are natural antimicrobial,
prebiotics and antioxidants. Peels and seeds
which are the major byproducts from fruits and
vegetables, were reported to be rich with high
amounts of phenolic compounds which have the
antimicrobial and antioxidant properties (4).

Nanotechnology is a widely spread field, that
grabs the scientific attention from different
aspects. It is that technology that deals with
materials that have at least one of their
dimensions in the Nano-size range (1nm-
100nm) (5). The new capability to see and move
atoms in this nanoscale have shown a vast array
of applications which implements science,
industry, economy and human health, etc.
Nanoparticles show great interest in food waste
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management as it may enhance solubility,
facilitate controlled release, improve
bioavailability, and protect the stability of
phytochemicals during processing, storage, and
distribution, etc (5). Nowadays industries have
realized the potential applications of
nanotechnology in Food sector and are making
their efforts in research and development in this
area.

Turning Fruit waste into NP

with superior & prolonged

antibacterial and antioxidant
properties

bacteria NO bacteria

Figure 1: Figure illustrating the potentials of
food waste managements, through preparing
fruit waste loaded Nano-particles with
enhanced properties, higher biocompatibility
and lesser side effects.

As shown in figure 1, this work aimed to
provide a beneficial use from certain fruit
wastes by extracting its phytochemicals and
preparing fruit waste loaded Nano-particles with
enhanced properties, higher biocompatibility
and lesser side effects.

The formulated nanoparticles were
characterized for size, & morphology using
different techniques such as Zeta sizer, IR &
TEM. Different factors were studied during
processing to determine the impact of these
factors over the nanoparticles characteristics.
Entrapment efficiency, invitro release profile,
and its biomedical applications were also
studied. The prepared nanoparticles showed
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unique properties than that of the bulk-sized by-
products.

Utilization of food wastes by-products by this
advanced new technology will have a great
impact on the economical level in developing
countries as well as in their environmental level,
by reducing pollutants. The new sciences of
Nanotechnology involved in this study will aid
its vast applications and flourish this big array
of research in food waste utilization.

Keywords: Polymeric Nanoparticles,
Hydrophobic fruit by-products, Fruit Waste
management, Natural antibiotics, Enhanced
antioxidant activity, prolonged antioxidant
activity, Sustained Release systems,
nutraceuticals & food supplements, biomedical
applications.
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Abstract:

L-Lactic acid is one of the important metabolites
produced during the anaerobic phase of
glycolysis, making its precise determination
highly important in various fields such as
clinical diagnosis, sport, and military activities.
Lactate plays a crucial role in several areas of
human health, including heart failure, hepatic
dysfunction, shock, respiratory insufficiency,
and systemic disorders. In sports medicine,
knowledge of optimal blood lactate levels is
vital to ensuring the maximum performance of
an athlete during intensive exercise and
endurance-based activities.

Various methods have been developed for
determining lactate levels, such as optical,
nuclear magnetic resonance, liquid
chromatography, fluorimetry, and amperometry.
Among these methods, electrochemical ones
possess  advantages such as  simple
instrumentation, low detection limit, and wide
dynamic range, as well as high selectivity and
stability. A Carbon-microelectromechanical
system (C-MEMYS) is one in which Carbon is
synthesized through pyrolysis of micropatterned
photoresist polymer in an oxygen-free
environment under high temperatures. Carbon
possesses various remarkable properties such as
a wide electrochemical window, low non-
specific adsorption of biomolecules, excellent
biocompatibility, and low cost. Furthermore,
carbon-based materials exhibit good electrical
conductivity, as well as good tolerance toward
bio-fouling. The surface of the carbon can be
functionalized efficiently via various physical,
chemical, or electrochemical treatments. C-
MEMS devices circumvent the major drawbacks
associated with commercialized screen-printed
carbon electrodes such as low resolution and
miniaturization.

We developed an electrochemical C-MEMS-
based sensing platform to detect L-Lactic Acid.
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The sensing platform of the biosensor—
interdigitated carbon micro fingers—was
synthesized by pyrolyzation of photo-patterned
photoresist polymer in oxygen-free and high-
temperature conditions. The surfaces of the
fingers were functionalized by an oxidation
pretreatment technique involving oxygen
reactive ion etching (RIE) to form —COOH on
glassy carbon. Taking advantage of having high
concentrations of this carboxylic group on the
surface of the carbon, we immobilized Lactate
Oxidase (LOx) on the surfaces of the
interdigitated carbon micro fingers without any
other surface pretreatments. We employed
various analytical characterization methods such
as Fourier-transform infrared spectroscopy
(FTIR) and Scanning Electron Microscopy
(SEM) for material characterization. Sensing
capabilities were measured by cyclic
voltammetry (CV), electrochemical impedance
spectroscopy (EIS). The carbon capacitive
sensor demonstrated detection of lactate over a
wide dynamic range of 50 nM-5 mM for the
electrode area of 0.5x0.5 cm2. The sensitivity of
this linker-free lactate sensor was found to be 40
nM /cm2, making it the first carbon capacitive
L-lactate sensor with such high sensitivity.

Keywords: Lactic Acid; Electrochemical,
Enzymatic; Carbon MEMS
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Figure 1 A) Digital picture of PDCrie and one cent
coin. B) SEM picture of PDCgie.
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Enhanced light absorption in porous silicon with nanocrystalline TiO-
deposited by metal-organic chemical vapor deposition (MOCVD)
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Abstract:

Titanium dioxide (TiOz) is very employed as
antireflective layer in solar cells due to its interesting
optical ~ properties  allowing  high  device
performances. In this work, nanocrystalline TiO; thin
films were successfully deposited on porous silicon
(PSi) by metal organic chemical vapor deposition
(MOCVD) technique wusing titanium tetra-
isopropoxide (Ti(OCsH7)s ) as precursor at
temperature of 550°C for different periods of times:
5, 10 and 15 min. The objective was to improve the
optical absorption properties of the porous layers
dedicated for photovoltaic application. The
structural, morphological and optical properties of
the elaborated TiO2/PSi samples were analyzed by
means of X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy dispersive X-ray
spectroscopy (EDX), atomic force microscopy
(AFM), photoluminescence (PL) and UV-Visible
absorption spectroscopy methods. The effect of
deposition time on the microstructural properties
which influence the optical characteristics of the
obtained samples was also examined. The XRD
analysis confirms the nanocrystalline structure of the
deposited TiO, composed only by anatase. The SEM
characterization evidenced an increase in the TiO:
film thickness showing more uniform surfaces as the
deposition time rises. Correspondingly, the surface
roughness increases with the particle size and film
thickness as indicated by AFM studies. The PL
measurements indicate an intensive emission of
porous silicon in the visible range of the solar
spectrum with a peak at 685 nm corresponding to 1.8
eV which is the band gap energy of PSi [2].
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Moreover, it was observed a decrease in the PL signal
of TiOy/PSi indicating a reduced carriers
recombination rate. The UV-Vis measurements
showed a considerable enhancement in optical
absorption of porous silicon after the deposition of
nanocrystalline TiO; films. Indeed, the TiO; coatings
deposited on PSi for 15 min with thickness of 200 nm
have the best structure quality and exhibit,
consequently, the highest absorption. From these
interesting results, we demonstrate the viability of the
use of the MOCVD as reproducible process for the
elaboration of highly efficient antireflective layers.

Keywords: Porous silicon, MOCVD, TiO, optical
properties, structural properties, microstructure,
photoluminescence.
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Simulation of Crossbar Architecture for Memristor Based Nano-
Memory

Meenal Negi, Seshan Srinivasan, and Lili He
San Jose State University, Department of Electrical Engineering, San Jose, USA

Abstract:

Crossbar architectures can be used to construct
large memory arrays. The non-volatile
characteristic nature of Memristor allows the
crosshar design to store values. For this paper,
the authors have considered simulation of a 4x4
crosshar array thereby reading and writing 16
bits to the memory subsystem. The model for
memristor and the memristive crossbar for this
paper were generated in SIMULINK software.
The Memristor was characterized with initial
parameters using a MATLAB function. The
memory subsystem signals for read and write
were generated using MATLAB. Memristors
are considered as the fourth basic passive
element after resistors, capacitors and inductors.
Memristors are passive nano-electronic devices
similar to resistors. Memristors exhibit non-
volatility characteristics[1]. In this paper, a 4x4
crossbar memory array was simulated using
Memristors in Simulink software. Crossbar
architectures are considered the easiest for nano-
structure memory in terms of fabrication.
Crosshar architecture have good noise tolerance
capabilities. The amount of power consumed
grows linearly with the size of the crossbar
matrix due to alternate current paths thus
lowering the overall effective resistance.
Memristor based crossbar arrays are considered
the basic building block for ultra high density
memories [2]. With high density comes the
problem of high power consumption. The power
consumption increases dramatically  with
increase in size of the crossbar size. The power
draw is high because of the alternating paths for
current to flow in a crosshar architecture. The
alternating current paths might lead to read
errors at such a high density memory module.

Keyword: memristor, crossbar memory, nano-
structure, MATLAB simulation
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Figure 1: Figure show the schematic of a 4 x 4
cross-bar nano-structure [3]. Crossbar switches
are created when two wires overlap each other
at any angle other than zero. In a 4x4 crossbar
matrix, there would be total of 16 intersections.
Each intersection contains 1 memristor. A 4x4
crossbar matrix is capable of storing 16 bits.
Read and Write signals required for reading/
writing data into and from the crossbar were
generated using MATLAB software.
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Minimization of resistance of gravure printed electrodes with
silver nano ink by controlling printing conditions

C.H.Kim>" S.Y. Lee!

! Chungnam National University, Daejeon, KOREA

Abstract:

The silver nano ink is commonly used for
printing the conductive patterns in printed
electronics applications because of its low
drying temperature under the value that affects
physical structure of polymer substrate. To be
effective as conductor, the printed patterns
should have low resistance as possible. The
resistance of printed patterns for electrodes
fabricated using printing technology should be
minimized. This parameter depends on the
pattern width and thickness; however, from the
viewpoint of printability, the printed patterns
should be printed at the designed width. The
resistance of the printed patterns as well as
printability is affected by wvarious printing
conditions. In this paper, the printing condition
is optimized to minimize the resistance and
spread ratio of electrode printed by the roll-to-
roll gravure method. To minimize resistance and
spread ratio of the printed electrode, the drying
temperature, wind speed, ink viscosity, and
linear velocity of printing are selected as
effective factors in this study. The experimental
design method is used to minimize the number
of experiments and to obtain optimum
conditions. The test samples were fabricated to a
line pattern having a width of 500 um and a
length of 80 mm by roll-to-roll gravure method
using silver nano ink on PET film. The
resistance was measured by a multimeter, and
line width and height were measured by 3D
surface profiler. The experimental results were
analyzed using ANOVA. It was found that the
main factors that affect the resistance and spread
ratio among the conditions were ink viscosity
and printing speed. The printing conditions were
also optimized: drying temperature 160 °C, wind
speed 40 Hz, printing velocity 15 mm/s, ink
viscosity 30,000 cPs. From the results, it was
predicted that we would have the resistance of
42.09 Q and spread ratio of 100.15 % at the
optimized  conditions.  The  result of
reproducibility test for verifying the prediction
value from the optimum conditions, the
resistance and spread ratio were measured as
41.35 Q and 103.79%, respectively. Therefore,
the difference between prediction and actual
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values of resistance and spread ratio are 2.6 %
and 6.75%, respectively.

In conclusion, in order to make the patterns of
precise line width and of low resistance, ink
viscosity and printing speed must be co-
considered to achieve the goal. In case of drying
condition, it must be high but avoid producing
the strain of substrate.

Keywords: nano silver ink, printed electronics,
printed electrodes, resistance.
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Figure 1: Main effect plots of factors on (a)
resistance, (b) spread ratio
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Nickel oxide nanoparticle incorporated polypyrrole nanocompo-
site for supercapacitor application
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Abstract:

In present work, polypyrrole (PPy) and
polypyrrole-nickel oxide (PPy-NiO) was
synthesised  using in  situ  chemical

polymerisation method. The incorporation on
nanoparticle into the polypyrrole is confirmed
by using FTIR and EDAX analysis. The
supercapacitor electrodes were fabricated and
characterised using three electrodes
configuration using 1M KOH aqueous
electrolyte. The highest specific capacitance
found to be 421.48 F/g at 10 mVs" PPy-NiO
nanocomposite. Electrochemical impedance
analysis shows very low series resistance of
5,69 Q and 1.12 Q for PPy and PPy-NiO
nanocomposite respectively.

Keywords: Supercapacitor, Polypyrrole, Nickel
oxide, Nanocomposites, Cyclic voltammetry,
Specific capacitance.
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Figure 1: . Cyclic voltammetry curve of Pure
PPy at different scan rate using 1M KOH
aqueous electrolyte solution.
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Figure 2: Cyclic voltammetry curve of PPy-
NiO nanocomposite at different scan rate using
IM KOH aqueous electrolyte solution.
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Si nano-polycrysalline body with ferromagnetic property and
vanishing of electrical resistance at local high frequencies

T. Saiki,*" Y. lida,* M. Inada,!

1 Kansai University, Faculty of Engineering Science, Suita, Japan

Abstract:

Improvement on reduction of skin effect for
metals as an electricity conductor at high
frequencies is important problem and future
objets to reduce consumption energy. We now
investigate for the resistances of nano-structured
metals as electricity conductors at high
frequencies.

Singular vanishing of electrical resistances near
a local high magnetic harmonic frequency of a
few MHz was observed. This phenomenon has
not been observed for  conventional
ferromagnetic metals. The measured electrical
resistances changed to almost 0 mQ at room
temperature. At the same time, negative
resistance of the sintered Si nano-polycrystalline
body was observed. Numerical calculation was
also performed on the electrical resistance with
frequency dependency. The calculation could
explain the variation of the relative permittivity
of the Si nano-polycrystalline and the
phenomenon for vanishing the resistivity at
frequency of MHz theoretically.

A Si nano-polycrystalline body made of the
reduced Si nanoparticles from Si oxide powder
was fabricated. It was found by measuring the
magnetization property of the body that the
sintered Si nano-polycrystalline body has
ferromagnetism.

Dangling bonds (unpaired electrons) have long
been known to occur due to defects in Si
crystals. Si nanoparticles have many dangling
bonds. High-density dangling bonds cause the
sintered Si nano-polycrystalline to have
ferromagnetism. The density of the unpaired
electrons in the sintered Si nano-polycrystalline
was observed using ESR. It has been clarified
that the Si nanopowder and the sintered Si nano-
polycrystalline have numerous dangling bonds.
Both densities of the dangling bonds were
evaluated.

The Si nano-polycrystalline body will be
applicable to electronic transmittance lines or
semiconductors.

Keywords: Si, nano-polycrystalline,
ferromagnetic, magnetic resonance, negative
permittivity, skin effect, ESR.
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Figure 1: Figure shows measured resistances of
sintered Si nanopolycrystalline body at high
frequencies of a few MHz with decreasing
frequency of sine wave signal. The current was
10mA at 5MHz. Measured self-inductances of
nano-structured metal are also shown in inset
figure. Magnetic reasonances at local
frequencies of such as 200kHz, 2.8MHz and
5MHz were observed, and the resistivities
changed to near zero at the magnetic
reasonance frequencies of 2.8MHz and 5MHz
in experiments.
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Quantum Dots as QLED devices for automotive lighting systems
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Abstract:

Lighting in the automotive world has undergone
a radical change in recent years thanks to LED
devices'?. The use of halogen lamps is being
replaced by these light emitting diodes. One of
the main advantages, apart from the consump-
tion and the long useful life, is the style that
these devices offer. The current and future trend
in the automotive world is to achieve ever
greater lighting surfaces with flexible features
and shapes in three dimensions (3D). However,
the current LED technology formed by discrete
devices of point light sources makes this task
very complex and expensive. A new nanometric
technology called quantum dots (QDs) can end
the issues described above effectively. Thus
QDs are nanocrystals semiconductors where
electrons are confined in a region of space of
nanometric dimensions. Specifically, LED
lighting devices based on QDs (quantum dot
LEDs), known by their acronym QLED, offer a
promising future as a new generation of lighting
devices due mainly to three factors: purity of
color, processibility and stability’. We report
the design and manufacturing of a 6-pixel
(4.5mm?*/pixel) electroluminescent QLED (Fig-
ure 1) based on CulnS,/ZnS Quantum Dots as
active layer. The multilayer QLED device was
fabricated with a conventional structure as fol-
lows*>: ITO as anode, PEDOT:PSS as hole
injection layer (HIL), TFB as hole transport lay-
er (HTL), CIS/ZnS QDs as active or emission
layer, ZnO NPs as electron transport layer
(ETL) and Al layer as cathode. In addition the
electrical curve I-V (Figure 2) was measured for
each pixel independently observing how the
fabrication process and layer thickness have an
influence in the shape of the plot. This study
will also permit us to discuss the creation of a
computational model of the QLED device. This
is vital to thoroughly understand the influence
of transport layers structure in the electrical be-
havior which is critical when designing the au-
tomotive electronics to control the lighting de-
vice in the future.
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Keywords: quantum dots, QLED, automotive
applications, lighting systems, electrolumines-
cence, transport layers, nanoparticles.

Figure 1: Figure illustrating the QLED fabri-
cated  following the  structure:  An-
ode/HIL/HTL/EL/ETL/Cathode.
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Figure 2: Figure illustrating the fundamental I-
V curve that we are tempting to simulate: mod-
elling the QLED device to understand the
transport mechanism behind the device physics.
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Handling ligands on PbS nanoparticle surface for optimization of
photovoltaic devices
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Abstract:

It is well know the essential role that ligands on
the surface of nanoparticles (NPs) have. Ligands
can control the size and solubility of the NPs in
addition to influence charge transport between
the NPs and their sorrounding media.

The combination of several ligands on the
surface of the nanoparticle would allow to tailor
some of these properties in order to optimize
different NPs for potential applications.

Mixed monolayer lead sulfide nanoparticles
(NPs) have been synthesized following a new
synthesis route. Thiophenol and 1-decanethiol
have been used as ligands for the PbS NPs as
shown in Figure 1. This route starts from the
synthesis of PbS coated in thiophenol.
Subsequently, by chemical baths, 1-decanotiol
was incorporated into the nanoparticles.
Thereby, nanocrystals with a combination of
two ligands were synthetized (figure 1).

In this contribution we study the incorporation
of mixed monolayer PbS NPs into bulk
heterojunction photovoltaic devices to compare
their performance with that found for hybrid
devices with only thiophenol capped PbS NPs .
Solar cells with structure ITO / PEDOT:PSS /
PCBM:P3HT:PbS NPs / Al have been
fabricated and characterized under dark and 1
sun of illumination.

Hybrid photovoltaic  devices with  PbS
nanoparticles coated only with thiophenol are
used as reference.

The incorporation of mixed monolayer PbS
nanoparticles in the active layer (poly (3-
hexylthiophene) : phenyl -C61- butyric acid
methyl ester) was favoured by 1-decanethiol,
because this helps to the solubility of the
nanoparticles in  toluene.  Thereby, the
nanoparticles with two ligands were correctly
embedded into the P3HT:PCBM layer. An
improvement of the electrical parameters for
these solar cells, in comparison with the results
obtained from the reference cells is observed
(Figure 2).

Thus, this contribution reports the observed
effects of the integration of mixed monolayer
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PbS NPs in bulk heterojunction photovoltaic
devices.

Keywords: hybrid solar cells, nanoparticles,
lead sulfide, mixed monolayer, synthesis,
guantum dot.
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Figure 1: Lead sulfide nanoparticle coated by
thiophenol and lead sulfide nanoparticle coated
by thiophenol and 1-decanethiol.
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Figure 2: Comparative I-V curves for hybrid
solar cell 1 (with thiophenol only ligands PbS
NPs) and cell 2 (with mixed thiophenol and 1-
decanethiol ligands PbS NPs).
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Abstract:

Microbial fuel cells (MFCs) generate low-
pollution power by feeding organic matter to
bacteria. Thus, MFCs have become a crucial
technology for applications in energy recovery
and environmental protection. In an MFC
system, the electrode materials have a critical
impact on the capacity for power generation,
and high-surface-area materials and different
surface treatments have been used to increase
electrode performance [1-3].

In this paper, a novel surface treatment method
for electrodes involving electrical discharge
machining (EDM) is proposed. In the EDM
process, the recast layer is formed on the
machined surface, and defects such as
micro/nano scale cracks and notches are often
detected. The recast layer and micro/nano scale
cracks increase the surface area and surface
roughness of the machined surface. Thus, the
reaction area and electronic conversion
efficiency of the electrodes can be improved by
using the EDM surface treatment method.

In this study, the base material of the electrodes
is 304 stainless steel mesh. To understand the
practicality of the method, the effects of applied
pulse current of EDM surface treatment on the
MFCs’ performance levels are investigated. The
results of EDM surface treatment of stainless
steel are shown in Fig.1. Fig. 1(a) shows the
surface of a unmodified stainless steel. The
surface morphology in Fig. 1(b), 1(c) and 1(d)
result from EDM surface treatment using a
pulse current of 0.5, 1.0 and 1.5 A, respectively.
The average surface roughness Ra in Fig. 1(a),
1(b), 1(c) and 1(d) are 0.188, 0.711, 0.844 and
0.944 um, respectively. An increase in the pulse
current of EDM surface treatment resultes in an
increase in the surface roughness and surface
area of the modified surface.

The maximum power density of MFCs equipped
with a unmodified anode and EDM modified
anode using a pulse current of 1.5A are 101.37
and 205.94 mwW/m?, respectively, with mutual
difference about 2 times. The reason can be
attributed to that the the micro/nano scale cracks
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and notches caused by EDM surface treatment
increase the surface area of anode. The results
demonstrated that the proposed novel EDM
surface treatment is feasible and has potential
for development.

Keywords: Microbial fuel cells, MFC, electrical
discharge machining, surface treatment, nano-
crack

Figure 1: Surface of (a) unmodified stainless
steel and EDM modified stainless steel at
applied pulse current of (b)0.5 A, (c)1.0 A and
(d)15A.
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Abstract:

Significant improved mechanical (shear, tensile,
impact and flexural strength), thermal
(distortion, decomposition and glas temperature)
and electrical (dielectrical breakdown strength)
properties  of  polymer-layered  silicate
nanocomposites was observed compare with
matrix ~ polymer and hence can be used to
replace some metal applications. Another
Improvements can include a decreased gas
permeability and  flammability, controllable
viscosity and reduced curing temperature and
speed. Our research focuses on the modification
of layered silicate (e.g. Laponite,
Montmorillonite and Vermiculite) with different
organic and anorganic modifier, innovative
production  of  polymer-layered silicate
nanocomposite with enhanced properties for
various coating applications, and to obtain
designed organized colloidal structure, e.g. two-
dimensional arrangement of laminar particle. In
this Poster we report synthesis and
characterization of a thermal and mechanical
enhanced commercial Polyurethane (PUR)
adhesive  for  shoes  with modified
Montmorillonite (MMT). The influence of
different parameters, e.g. modifier species for
MMT, concentration of modified MMT,
dispersion technics of MMT into PUR are
researched in order to obtain the best
enhancement of PUR adhesive.
(3-Aminopropyl)dimethylethoxysilane
(APDMES, S2) modified MMT is better
dispersed into PUR marix than other modified
MMT under limited concentration and therefor
significantly improved thermal (Figure 1) and
mechanical (Figure 2) properties are obtained.

Keywords: polymer-layered silicate
nanocomposite, montmorillonite, thermal and
mechanical enhanced polyurethane adhesive,
scanning electron microscope (SEM), focused
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ion beam (FIB), shear stress, decomposition
temperature.
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Figure 1: Enhanced decomposition temperature
(15 °C) of PUR with (green) APDMES
modified MMT compared to (black) pure PUR
and (red) PUR with unmodified MMT.

Concentration influence of S2MMT
14,7

=
& @
o o
-
-
]
=
[
@

Pa)

8,3
10,0 7,3

Lo
=]

Shear stress (M
)
[=] [=]

~
=}

o
=]

PUR 1IMMT-PUR (3MMT-PUR) 5SMMT-PUR 7MMT-PUR

Page 213



Figure 2: Concentration influence of
APDMES-MMT on shear stress of enhanced
PUR adhesive
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W. Soliman,*2" W. Mamdouh,*?

American University in Cairo, Department of Chemistry, Cairo, Egypt
Avenue, P.O. Box 74 New Cairo 11835- Egypt
*Correspondence: Wafaa.soliman@aucegypt.edu, phone +202 01022065550

Abstract:

Food waste has become a huge problem globally
since thousands of different food items are
wasted all over the world which affects our
environment severely due to the emissions of
greenhouse gas due to anaerobic decomposition
and leakage at the garbage. Fruit wastes like the
peels and seeds are a major contribution to the
waste products thrown everyday especially in
juice industries (1).

The antioxidant and antimicrobial activities of
food wastes have been of great interest
nowadays due to oxidative stress and antibiotic
resistance problems (2, 3). However the stability
of the fruits or vegetables wastes was a challenge
to perform these activities under controlled
release and remains stable for long period of
time. Therefore, the purpose of this research it is
to determine the antimicrobial and antioxidant
activity of angiosperm wastes and the
enhancement of these activities in its electrospun
nanofibers form activity.

The nanoformulation like electrospun nanofibers
is to increase the stability and bioavailability and
investigate its effect on the antimicrobial and
antioxidant activity.

Characterization of the waste content like
phenolics, saponins, flavonoids etc after
extraction and then characterization of the
nanofibers was carried out using different
techniques such as scanning electron microscope
(SEM) for diameter determination and Fourier
Transform Infrared (FT-IR) spectroscopy for
functional groups investigation (9).

The antimicrobial agents discovered
in plants are of great interest since antibiotic
resistance is becoming a worldwide public
health concern (4). Moreover, there is a high
demand to use antimicrobials in food packaging
to kill and avoid microbial growth in food which
will cause a decrease in the shelf life and food
spoilage. Usually the bioactive constituents in
plants that make them possess antimicrobial
activities are phenol, tannin, saponin, alkaloid,
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flavonoid, steroids, carotenoids, and cyanogenic
glycosides (5).

Most of antioxidants preform their activities due
to their phenolic or polyphenolic contents (7, 8).
There are many water rich angiosperms wastes
that have been reported and studied have shown
that they have antioxidant activities like orange
peel (6), tomato skin, watermelon rinds etc.
Nanofibers increase the surface area of the
formulated material which results in increasing
its activity and bioavailability.

This idea would change the whole perspective
of throwing angiosperms remaining's like peels,
rinds, seeds and use them as cheap, safe and
natural source for pharmaceutical industries or
even as food preservatives (2). The expected
results would increase the awareness of the
people in Egypt and worldwide to the
importance of benefiting from food waste. More
importantly, the cost effectiveness of the
extraction, preparation and characterization
processes will attract industrial firms to be part
of these activities.

Keywords: Antioxidant, Antibacterial, water
rich, nanofibers and PVA
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Abstract:

The discovery of graphene, a hot issue in the
field of materials science, has clearly attracted
great interest worldwide and has had
tremendous impact in many areas. Over the past
few years, research on 2D materials has actually
been very advanced. Research on layered 2D
materials is at the forefront of material science.
In addition to graphene, there are many other
two-dimensional materials, but the transition
metal chalcogenide is a typical two-dimensional
material. It is characterized by a variety of series
and easy to control, but with a slightly slower
charge mobility. Black phosphorus is an
intermediate between graphene and Ttransition
metal dichalcogenide(TMDC) and is studied as
a next-generation two-dimensional material due
to the anisotropy caused by the curved
honeycomb structure. Since the 2D material
basically has many plate shapes, there is a great
deal of research on the layer-by-layer type
junction structure.[1]

This composite catalyst is designed to have a
lower dimension than two dimensions and to be
combined with each other, so that the band
structure can be designed to suit the application
and complement each other's disadvantages.
Among the TMDCs, WS; can be a promising
catalytic material due to its unique electrical
properties, and black phosphorus with properly
controlled oxidation can act as a redox
functional group.[2] We synthesized black
phosphorus that was oxidized properly and
easily at a low cost and made a catalyst for
water quality improvement through composite
with WS; (figure 1). Through these composites,
we studied nanocatalysts that satisfy bandgap
changes and disadvantages of each other. This
material was measured by TEM, SEM, XRD,
XPS, UV-VIS spectrophotometer, FT-IR and
RAMAN spectroscopy. Such catalyst materials
are used in various fields such as hydrogen
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generation, atmospheric purification, and water
purification.

Keywords: Two  dimensional  material,
nanocomposit, Transition metal chalcogenide,
black phosphorus, water treatment, nano
catalyst
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Figure 1: Proposed schematic diagram for the
catalytic water treatment of oxidation controlled
BP/WS2 nano composit material
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Abstract:

Nowadays, nanoscale Zero-Valent Iron (nZVI)
is one of the most used materials in the
remediation industry. Its high degradation
efficiency is well described for many pollutants
(). Despite its high effectivity and due to its
nonspecific reactivity, nZVI is usually applied
in high doses (up to 50 g/L) (2). New
modifications of zero-valent iron nanoparticles,
by coating or combining with other materials,
could improve its proprieties, decrease the doses
and thus improve the cost-effectiveness of nZVI
applications. Biochar, a material well known by
high sorption ability, could serve as a potential
matrix for the new nZVI composite material.
The matrix of biochar could adsorb chlorinated
solvents which will be consequently degraded
by nZV1. In the presented study, the potential of
Biochar-nZVVI ~ composite  material ~ for
nanobioremediation of chlorinated ethenes is
discovered. Moreover, the potential effect of
biochar on biostimulation was also discovered.
During the 2-month experiment, the material
structural changes were monitored via several
physicochemical ~ parameters and  X-ray
diffraction. Additionally, to discover the effect
of composite material on resident microbes,
microbial biomass was estimated and the
changes in microbial populations were detected
via molecular genetics methods.

Combining the results of the material analysis,
physicochemical  parameters,  degradation
efficiency, and microbial analysis, we provide
detailed information about the ageing process of
nZVI inside of composite material, degradation
efficiency and about its effect on resident
microbial species.

Nanotech France 2019 / NanoMatEn 2019 / NanoMetrology 2019 Book of Abstracts

Keywords: Nanoscale Zero-Valent Iron, nZVI,
Biochar, Chlorinated ethenes, Toxicity

References:

1. Mueller, N. C., Braun, J., Bruns, J., Cernik,
M., Rissing, P., Rickerby, D., Nowack, B.,
(2012), Application of nanoscale zero valent
iron (NZVI) for groundwater remediation in
Europe, Environ. Sci. Pollut. R., 19, 550-
558.

2. Grieger, K. D., Fjordboge, A., Hartmann, N.
B., Eriksson, E., Bjerg, P. L., Baun, A.,
(2010), Environmental benefits and risks of
zero-valent iron nanoparticles (nZV1) for in
situ remediation: Risk mitigation or trade-
off? J. Contam. Hydrol., 118, 165-183.

Page 218



Natural Sunlight Photocatalysis Efficiency of ZnO Nanowires for
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Abstract:

For some years now, photocatalysis process for
water depollution has been studied intensively
due to its efficiency for organic contaminent
degradation and mineralization to harmless
compounds. Zinc Oxide (ZnO) is a very
promising photocatalyst due to its direct band
gap at room temperature (3.37 eV) and its large
exciton binding energy (~60 meV). Moreover,
this material is abundant in nature, inexpensive
and nontoxic. The main obstacles for using ZnO
as a photocatalyst are the high recombination
rate of photo-generated electron/hole pairs; and
its wide band-gap, which only allows the use of
photons from UV spectrum in photocatalytic
process. In literature, carbon doped in ZnO
nanowires (ZnO NWSs) can be obtained by a
simple traditional  hydrothermal  growth
followed by a post-annealing M. Carbon may
come from formaldehyde, a by-product
generated by HMTA decomposition in the
solution during the nanowire growth, which will
be adsorbed in ZnO NWs. The post-annealing
conducts to integrate carbon in ZnO and also
conducts to improve ZnO NWs crystallinity.
ZnO NWs with a band gap of 3.23 eV was
obtained by a simple hydrothermal method
following by an annealing at 350°C during 30
minutes against 3.28 eV for NWs as grown.
Methyl Orange (MO), an organic dye widely
found in textile industry wastewater, reputed as
one of the most difficult to degrade compared to
the other dyes such as Methyle Blue (MB).We
report the ZnO NWSs annealed at 350°C
photocatalytic efficiency for MO degradation
under natural sunlight in an open atmosphere.
Experiments were realized at room temperature
(~33°C) in July as applied in the literature ©.
The photocatalytic degradation of MO with
initial concentration of 10 uM, was carried out
under natural sunlight (~75 pWi/cm? of UV
light) in the presence/absence of ZnO NWs and
monitored by UV-Vis spectroscopy. Adsorption
test was also conducted in the dark in order to
prove that the ZnO activity is due to natural
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sunlight. After 4h under natural sunlights a
degradation rate of 48% was obtained for ZnO
NWs against no degradation without ZnO NWs
and/or with ZnO NWs in the dark.

Keywords: ZnO, Nanowires, Hydrothermal

synthesis, Photocatalysis, Sunlight, water
purification, carbon doping.
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Figure 1: MO degradation rate evolution by
photocatalysis process in the presence/absence
of ZnO NWs under Natural Sunlight and MO
adsorption rate evolution (MO : 10 pM, V = 4
mL, sample surface = 1.8 cm? no agitation,
33°C, ~75 pW/cm? of UV light or dark).
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Abstract:

This work was aimed to relate the mechanical
properties with the presence of acicular ferrite in
weld beads with Mn,Os- or TiOz-nanoparticles
(NPs) added before the Submerged Arc Welding
process. Such NPs were applied on the bevel
surface formed between two AISI 1025 steel
plates to be welded. The mechanical properties
of the weld beads were determined through
Tensile, Vickers hardness and Charpy V-Notch
impact tests, meanwhile, the microstructural
features formed in the welding zones were
analyzed by scanning electron microscopy
(SEM). Tensile strength (TS), yield strength
(YS) and Vickers microhardness (HV) were
lower for weld beads with Mn;Os- or TiO>-NPs
in comparison to those without NPs. On the
other hand, the Charpy V-notch toughness (T)
was bigger respect to a weld bead without NPs
(Control), 60% by adding Mn,Os-NPs and 30%
TiO2-NPs. SEM micrographs show a clear
increase of surface density (SD) of acicular
ferrite, which is more related to the length due
to the morphology of formed needles; all this in
comparison with a weld bead Control. It was
determined that the length (L) of the acicular
ferrite needles increases in 131 and 155 % when
adding Mny;O3- or TiO»-NPs, respectively.
Moreover there is a decrease tendence of the TS,
YS and HV determined values with an increase
of the surface density (or length) of acicular
ferrite, see table 1. As conclusion, that the type
of added oxide NPs directly influences the
dimensions of the acicular ferrite needles, and
this on turn the mechanical properties of the
weld bead.
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Table 1: Acicular ferrite phase features and
mechanical properties of weld beads.

Weld L SD TS YS HV T
bead [um] | [%] | [MPa] | [MPa] [J]

Control | 105 | 25.6 600 456 201.7 | 80

Mn2Os | 243 | 36.4 519 376 178 | 128

TiO2 26.8 | 413 505 344 177 | 105
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Abstract:

Most of our infrastructures have been widely
constructing by concrete. However, common
causes of the deterioration of concrete reduced
integrity of concrete structures with time. Hence,
structural  health monitoring (SHM) has
attracted much attention from researchers,
which can monitor and evaluate the full scale
structural behavior and provided real time data
using various types of sensors. Due to the less
cost effectiveness of operation under current
system, SHM technologies are difficult to
applying to the large scale concrete structures.
Many researchers have suggested the structure
with self-sensing elements of infrastructures,
which allows to save maintenance cost for a
structural diagnosis. With several advantages
compared to the conventional strain sensors
embedded or attached to the element,
conductive cement-based composites for self-
sensing have been developed. For the functional
purposes, the conductive materials should
measure its own strain due to an
electromechanical property called
piezoresistivity (Fig. 1). Therefore, in this study,
the electrical and piezoresistive sensing
properties of concrete with two different
nanomaterials (graphene and carbon black) and
electric arc furnace slag were evaluated. More
specifically, the effect of different conductive
materials on the electrical resistivity with
various ages, piezoresistive sensing capacity in
terms of correlation between fractional change
in resistivity (FCR) and cyclic compressive
stress, and gauge factor were also assessed.
Based on the data analysis, the feasibility of
each conductive materials for developing
concrete sensors was discussed as well.

Keywords: graphene, carbon black, electrical
resistivity, gauge factor, piezoresistive sensor.
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Figure 1: Figure illustrating the experimental
setup for compressive sensing.
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Abstract:

Currently, the special interest is a separation of
gaseous mixtures containing a low concentration
of methane (biogas, ventilation air methane,
landfill gases) which could be separated using
carbonaceous adsorbents (activated carbons,
carbon molecular sieves, activated carbon
fibres). It is well known that methane is an
anthropogenic greenhouse gas (more than 20
times as potent as CO,), which imposes the most
significant influence on the global warming
issue. Ventilation air methane (VAM) is the
largest source of coal mine methane (CMM)
emissions. Most coal mines around the world
discharge ventilation air methane (VAM) into
the air directly. In Poland, around 600 min m?
CH,4 was emitted to the atmosphere with mine
ventilation air. Methane emitted from coal
mines ventilation systems into the air is the most
difficult to use as an energy source, because of
the low methane concentration (typically 0.3 to
0.5vol% in the Polish mine workings), large
airflows and variable, both flow and
concentration. Adsorption - based processes
including Pressure Swing Adsorption (PSA) are
potential technologies that could be used to
recover methane from vent streams and enrich
the methane to a concentration level that could
be practically used in a thermal or catalytic
flow-reversal oxidizers lean-gas turbine or
methane fuel cell.

In this paper new concept for the realization of
the PSA cycle to enrich the mixture streams
with methane was analyzed. The removal of
methane from VAM is the separation between
methane and nitrogen and properly selected
adsorbent is a key to the separation by means of
the PSA process. The separation effect is based
on each component's selectivity for the
adsorbent material. The most promising
adsorbents for VAM enrichment with methane
seems to be nanoporous carbonaceous
adsorbents thanks to its unique porous texture
with narrow micropores, large specific surface
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area and porosity, hydrophobic surface, various
surface functional groups. The new concept of
the PSA process was verified in the
experimental unit. The gas mixture was fed into
the column packed with the adsorbent. When
the separation between components of the
mixture is realized, the enriched stream on the
top of the column is collected as the product.
The column is regenerated by reducing the
pressure to vacuum. Desorbed gas is recovered
on the bottom of the column. A mathematical
model was developed to optimize process
variables (cycle time, pressure ratio) for the
individual steps. The results of the experiment
confirmed the correctness of calculations
undertaken. The concentration of methane in the
product (desorbed gas) increases during
depressurization step from 0.3 vol.% (methane
concentration in the feed gas) to 2.0 vol.% at the
end of this step. The results indicated that
selected activated carbon can be successfully
applied in N2/CH, separation for ventilation air
methane and there is still a chance for
improvement in the performance of these
systems and further experiments should be
continued to, optimize of process variables, as
well as search new types of carbonaceous
adsorbents.

Keywords:  Pressure  Swing  Adsorption,
nanoporous carbonaceous adsorbent, ventilation
air methane, gas mixture separation
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A study of equivalent circuit models of lithium-ion battery under irregular
electrical discharge
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Abstract:

We investigated the electrical performance for
the lithium-ion battery discharge under the con-
stant current. The simulations to evaluate the
operation of the battery were carried out by the

equivalent circuit models which are consisted of
the resistance, capacitance and power source.
During the discharge of Li-ion battery, the
voltage and resistor were measured under the
condition of maintaining 2A constant current.
The output results for the electrical elements of
the resistor and capacitor corresponding to the
equivalent circuits are calculated by the
simulation based on the experimental results
obtained from the time dependence of the
current and the voltage. The triple RC circuit
model showed more the reduced error between
the experimental results and the simulated data
than that of the single RC circuit model. This
study suggests that the discharge of dc Li-ion
battery is well operated by obeying the
equivalent circuit model composed of the
multiple RC elements.

Keywords: Lithium-ion battery, Equivalent
circuit model, Discharge, State of charge (SOC),
Equivalent circuit models
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