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Identification of Ductility Function in Titanium Nitride
Nanocoating Deposited on Polycarbonate-urethane of Ventricular
Assist Device
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Abstract: The Polish left ventricular assist device
(LVAD - RELIGA_EXT) will be made of thermoplastic polycarbonate-urethane (Bionate II) with deposited athrombogenic nano-coatings: gold (Au) and
titanium nitride (TiN) (M.Kopernik et al.; 2014). The
two scale solid numerical model developed in the
Polish Artificial Heart Programme in Authors’ FEM
code was composed of a macro model of blood
chamber and a micro model of TiN/Bionate II system
(A.Milenin et al.; 2009). The input and validation
data for the multiscale model was reached in tension
test for Bionate II, nanoindentation test and inverse
analysis for TiN. Due to the macro model validation,
the results of a digital image correlation were compared with the FEM results computed on external
surfaces of the blood chamber of LVAD (A.Milenin
et al.; 2012).
However, a fracture occurrence has been observed on
the boundary between the coating and the substrate
in the LVAD. The FEA of stress and strain states in a
micro and a macro scale models has confirmed the
possibility of fracture (Figure 1). Consequently, the
fracture criterion must be identified, what is the purpose of the present work. The tensile test in a micro
chamber for the SEM has been performed in order to
calibrate the fracture model of the TiN/Bionate II
system for different thicknesses of deposited coating
(Figure 2). Basing on experimental boundary conditions, the micro model of tension test has been developed in the Authors’ FE code with implemented
fracture criterion. The defined fracture criterion depend on effective strain and critical deformation
function. The interpretation of micro tension test
results has been done using the inverse algorithm.
The FE models of tests were created for determination the conditions of fracture. The variation of values of critical deformation function in the test has
been calculated in the stage of the test, in which the
initiation of fracture has been occurred. The fracture
parameter in each test has been computed. The difference between experimental and computed value of
the fracture parameter at the moment of the fracture
has been adopted as the objective function. The minimum of the objective function has been reached by a
variation of the parameters of critical deformation
function.
The micro scale model enriched with the fracture
model enables the prediction of fracture and the
comparison of different variants of macro and micro
parameters of the LVADs.

Keywords: nanocoating, micro tension test, finite
element method (FEM), fracture, ventricular assist
device (VAD), titanium nitride (TiN).

Figure 1: The distribution of strain intensity on external
(left) and internal (right) surfaces of POLVAD-EXT
chamber (temperature of chamber 25 C, P=37 kPa).

Figure 2: The SEM’s image of 50 nm of TiN coating
stretched 40 N (left) and 100 nm of TiN coating
stretched 60 N (right) with fracture in TiN.
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Abstract: Layer-by-layer assembly of polyelectrolytre multilayers (PEMs) is the most versatile approach for modifying surface as well as bulk properties of various substrates.This work explores the understanding of diffusion (lateral as well as transverse)
of proteins across PEMs and how it can be modified
by varying post assembly conditions. A weak PEM
system has been selected as the model for these studies. Lateral diffusion studies are visualized by performing Florescence Recovery after Phtobleaching
(FRAP) on these PEMs. FITC-labeled proteins have
been used for these studies and lateral diffusion is
measured by the bleached "hole filling" process as
function of time. Transverse diffusion has also been
studied by measuring the trasverse protein concentration distribution by using distance dependent fluorescence from fluorophores close to metal surfaces (Figure 1). Although Confocal laser scanning microscopy
(CSLM) (Picart et al., 2002) has been employed for
diffusion studies across PEMs for the films having
thickness in the range of micrometers, it is not suitable for probing PEMs thinner than around 500 nm.
Therefore, X-ray photoelectron spectroscopy (XPS)
(Jonathan et al, 2013) was recently utilized as a tool
get transverse concentration profile of diffusing species in ultra-thin PEMs. Our protocol provides a simpler alternate approch to study the lateral diffusion as
well as to extract the transverse concentration distribution in ultra-thin PEMs. This can be used a tool to
understand the reservoir properties of PEMs and to
get the detailed knowledge about the distribution and
mobility of molecules acoss PEMs.
Keywords: Polyelectrolyte multilayers, layer-bylayer assembly, Fluorescence Recovery after Photobleaching (FRAP)

Figure 1: Schematic representing the overall approch
for getting the detailed understanding of lateral as well
as transverse diffusion across PEMs. Lateral diffusion is
shown by movement of fluorphores from unbleached to
bleached portion of PEMs and tranverse diffusion by
the distance dependent fluorescence from FITC-labeled
proteins in the PEM deposited on a metal surface. The
temporal variation of fluorescnece intentsity can be
fitted to extract the transverse distribution of fluorophores.
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Abstract: Recent developments in materials synthesis, bio-conjugation methods and luminescence techniques have led to a rapid proliferation of novel
ﬂuorescence-based approaches to imaging in the life
sciences. However, for high-resolution or long-time
duration imaging applications, molecular dyes suffer
from limitations of low brightness, poor photostability and fluorescence intermittency (blinking).
Likewise, emissive nanoparticles, e.g., semiconductor quantum dots (Q-dots) and dye-loaded latex or
silica beads, are also un-optimised. Q-dots often require an inorganic shell with a thick encapsulation
layer for stability and biocompatibility, and many
batches exhibit low emission rates, blinking, and
signiﬁcant fractions of “dark” particles. Dye-loaded
beads have relatively large sizes with limited dyeloading concentrations due to problems of aggregation and self-quenching.
Consequently, we are exploring a potentially promising alternative based on highly ﬂuorescent conjugated polymer materials which are already in use as
active layers in polymer light-emitting devices, and,
in conjugated polyelectrolyte form, as solar cells.
Conjugated polymer materials exhibit a range of attractive properties, including high absorption crosssections, radiative rates, and effective chromophore
densities along with minimal levels of aggregationinduced ﬂuorescence quenching. Using conjugated
polymers as an emissive nanoparticle material also
eliminates small dye molecules or heavy metal ions
that could leach out into solution.
We have developed a range of conjugated polymer
nanoparticles based on fluorene co-polymers. These
polymers are surface functionalized with different
molar ratios of polyethylene glycol. By varying the
preparation conditions, different sizes of nanoparticles can be prepared, resulting in smaller (20-50 nm)
nanoparticles, produced by a reprecipitation method,
and larger (90-110 nm) particles, produced by a solvent exchange method. These particles exhibit high
absorption cross-sections (10-13-10-12 cm2), high
quantum yield (≈ 50%) and well-resolved, sizeindependent absorption and fluorescence spectra
across a broad wavelength range. Single particle fluorescence imaging studies indicate much higher
emission rates (≈ 108 s-1) and little or no blinking as
compared with typical results reported for single dye
molecules and Q-dots. Analysis of single nanoparticle photo-bleaching trajectories for some particles
indicates excellent photo-stability with almost 108
photons emitted per nanoparticle prior to irreversible

Figure: Polyfluorene nanoparticles (blue) in MCF-7
cells (red / phalloidin-TRITC).
photo-bleaching. Finally, nanoparticles were incubated with L929 murine aneuploid fibrosarcoma and
MCF-7 human breast adenocarcinoma cell lines,
fixed, and counter-stained with nuclear dyes. Subsequent fluorescence microscopic imaging indicated
that nanoparticles are readily internalized by the
cells; see Figure above. Further studies are in progress to understand processes of their trafficking and
localization within various cell types.
Keywords:
nanoparticles, colloidal dispersions,
optical spectroscopy, fluorescence, non-blinking,
photostability, brightness, cellular uptake.
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The Role of DC and PRC Current Densities on the Sliding Wear
of Electrodeposited Nickel-Cobalt /CNT Composite Coatings
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Abstract: Surface properties are directly responsible
for the performance of engineering materials because
most of failures such as friction, wear, corrosion and
fatigue often take place on the material surface. Electrodeposition technique is of great interest for industrial usage because it produces functional and protective coatings with low cost and easy control1, 2. In the
Ni and Ni-Co metal matrix composites, when carbon
nanotubes (CNTs) are selected as the third phase,
because carbon nanotubes possess many remarkable
properties such as high strength and elastic modulus,
good flexibility, and unique conductivity3.
In the present work, Nickel-Cobalt alloys and NickelCobalt /Carbon nanotube composite coatings were
prepared under direct current (DC) and pulse reverse
current (PRC) methods. The microstructure of coatings was characterized by means of Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD)
analysis and 3D profilometry facilities. One of the
example showing co-deposition of MWCNTs with
Ni,-Co is shown Fig. 1. The effect of current density
and the current type on the co-deposited carbon
nanotube content, microstructure and sliding wear
properties were investigated. The results showed that
the microstructure and performance of the coatings
were greatly affected by current density, carbon
nanotube content and the electrodeposition current
type. Dispersion of the multiwalled carbon nanotubes
(MWCNTs) into the Ni-Co matrix structure resulted
in improving wear resistance performance of the NiCo electrodeposited coatings. This increment was
attributed to the unique effect of the MWCNTs on
load bearing ability and self lubrication between the
friction surfaces. Introducing MWCNT into the NiCo matrix by co-electrodeposition resulted in wear
mechanism change and decreased the real contact
area since MWCNT dispersion causes to increase the
surface roughness (Fig. 2). Among the studied electrodeposition techniques, PRC technique showed best
features compared with the DC technique.

Keywords: Reverse Pulse electrodeposition; NiCo/MWCNT nanocomposites; surface roughness;
reciprocating wear; wear mechanisms

Fig.1. SEM surface structure of co-deposited NiCo/MWCNT composite.

a)

b)
Fig. 2. 3D surface profilometry results of the a) NiCo and b) Ni-Co/MWCNT coatings after sliding test.
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Widely and Rapidly Switchable Wettability Through Short-Range
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Abstract: As an earth-abundant semiconductor,
nickel oxyhydroxide (NiOOH) has mainly been applied for electrochemical, electrochromic and optical
devices. Our previous study first achieved its feasibility on wettability control from superhydrophilic to
superhydrophobic via anodic plating and post chemical treatment to properly tune the porosity and surface energy.[1] However, the permanently chemical
modification results in an irreversible wetting transition, thereby limiting its use for many cutting-edge
applications. Some organic and inorganic materials
have been found to intrinsically possess switchable
nature by the change of composition, conformation,
configuration, crystallization, morphology or vacancy recovery.[2] However, these existing wettability
switchable materials show a sharp trade-off between
the switching range and response time. Specifically,
most flat organic materials offer rapid switch within
several minutes but only small changes in water contact angles (WCAs < 40˚), while smooth inorganic
materials have inherently superior switching range
(WCAs > 70˚) but take several days upon dark storage.[3-5] In this work, without the needs of any
chemical treatments, the as-deposited film of nanoporous NiOOH was alternatively exposed to environment chamber and ultraviolet (UV)/ozone, the
WCAs could be able to quickly switch between superhydrophobic and superhydrophilic within 70
minutes over ten cycles. The switchable mechanism
arises from a chemical redox reaction and shortrange ordered-disordered transition (Figure 1) verified by HR-TEM, grazing incidence XRD and XPS.
The rewritable two-dimensional (2D) microfluidic
channels and wetting-contrast enhanced selective
electroplating are demonstrated based on film properties of easily patternable, repairable and switchable
wettability.[6]
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Figure 1: (a) Nanoporous structure of as-deposited
NiOOH film through anodic plating. (b) Cycling test
of NiOOH film alternatively exposed to environmental chamber and UV/ozone. (c) Schematic of the
de-wetting mechanism resulting from the serial reactions of NiOOH/Ni(OH)2 conversion and the defectdriven rearrangement of crystallographic orientation.
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Abstract: Polymer vesicles, also called polymersomes, are increasingly assessed as drug nanovectors, owing to their ability to transport both hydrophilic and hydrophobic drugs (Messager et al.). A lot
of published results in this domain uses an empirical
approach to predict the self-assemblies’ morphology.
However, the rule linking the morphology to the hydrophilic fraction was mainly established on poly(ethyleneoxide-b-butadiene). Linked to our on-going
studies on polymer self-assemblies for photodynamic
therapy (Gibot et al., Till et al.), the work presented
here aimed at cross-examining the methods of formation for polymersomes and pointing out the difficulties of characterization. Thus, a large variety of amphiphilic block copolymers containing first a
poly(ethyleneoxide) block for the colloidal stability
and the stealth in blood, and secondly various hydrophobic blocks, such as poly(-caprolactone),
poly(D,L-lactide), poly(styrene), poly(butadiene) or
poly(methylmethacrylate), were used, and their selfassembly examined. Different methods of formation
will be examined, such as cosolvent addition, film hydration or electroformation. The influence of experimental parameters were assessed and critically compared with literature. This showed that although a general trend of morphology order vesicle – worm-like
micelles – micelles is often observed, the limit between each area significantly varied depending on the
polymers and for some cases, only micelles could be
formed. Also, these self-assemblies being kinetically
frozen, the influence of the fabrication method has
been observed in some cases, as expected. Thus, selecting the right polymer and the right method of fabrication, either micelles or polymersomes with a size
ranging from 15 to 1000 nm can be readily obtained.
Regarding their characterizations, the work focused
on routinely used dynamic light scattering and electron microscopy which enabled us to highlight difficulties that are often overlooked.
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Figure 1: Range of polymer self-assemblies obtained
in this study.
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Prediction of photothermal phase signatures from arbitrary
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Abstract: We present a new approach for predicting
spatial phase signals originated from photothermally
excited metallic nanoparticles of arbitrary shapes and
sizes. Heat emitted from the nanoparticle affects the
measured phase signal via both the nanoparticle surrounding refractive index and thickness changes.
Since these particles can be bio-functionalized to
bind certain biological cell components, they can be
used for biomedical imaging with molecular specificity, as new nanoscopy labels, and for photothermal
therapy. Predicting the ideal nanoparticle parameters
requires a model that computes the thermal and phase
distributions around the particle, enabling more efficient phase imaging of plasmonic nanoparticles, and
sparing trial and error experiments of using unsuitable nanoparticles. For the first time to our knowledge,
using the proposed model, one can predict phase signatures from nanoparticles with arbitrary parameters.
The proposed nonlinear model is based on a finitevolume method for geometry discretization, and an
implicit backward Euler method for solving the transient inhomogeneous heat equation. To validate the
model, we correlate its results with experimental results obtained for gold nanorods of various concentrations, which we acquired by a custom-built widefield interferometric phase microscopy system.

Figure 1: Prediction of Optical Phase Delay (OPD)
from heat distribution map created by FVM model of
nanoparticle heating

Keywords: interferometric imaging, nanoparticles,
digital holographic microscopy, plasmonics, phase
measurement
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Composites: Thermal and Mechanical Properties
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Abstract:
Graphene has excellent mechanical, thermal,
optical, and electrical properties and this has made it
a prime target for use as a filler material in the
development of multifunctional composites for a
variety of applications: electrostatic discharge,
electrically conducting, touchscreen display, fire
retardant coatings, lightweight materials with good
barrier properties, targeted drug delivery
applications, etc. However, challenges to overcome
in order to take full advantage of the aforementioned
properties of graphene include achieving good
dispersion and good interfacial properties between
filler and matrix. Several approaches aimed at
achieving well-dispersed graphene in composites
have been reported. In this work we report the
thermal and mechanical properties of reduced
graphene oxide/epoxy composites prepared via a
scalable,
environmentally-friendly
and
commercially-viable method. Transmission and
scanning electron micrographs of the composites
demonstrate that the reduced graphene oxide is welldispersed throughout the composite. The composites
also show good improvements in thermal
conductivity and tensile modulus for relatively low
loadings. These properties are compared with those
of other commercially available graphene/reduced
graphene oxide-based composites.
Keywords: Thermal reduction, graphene oxide,
reduced graphene oxide, tensile modulus, thermal
conductivity,
glass
transition
temperature,
dispersion.
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Abstract:
Nanoparticles are used as additives in coatings or
lubrication systems in order to prevent friction and
wear of materials in industry. The new interest area
of nanotribology shows that the lubricants with nanoparticles have novel property in tribology, such as
wear resistance, low friction coefficient, and high
load capacity (Jiao et al., 2011). ZrO2 is one of the
nanoparticles used for tribological consideration such
as coatings (Yang et al., 2011) and lubricant additives (Ma et al., 2010). When zirconia doped with
yttria, yttria-stabilized zirconia (YSZ) has good mechanical properties at high temperature and good
chemical stability up to 1200 °C (Carpio et al.,
2015). Due to these properties, YSZ is a current material of choice for thermal barrier coatings.
The aim of this work is to enhance novel lubrication
with different amount of YSZ nanoparticles
(size<200nm) and characterization of tribological
properties of AISI 4140 steel material in the lubricating system. Synthesized YSZ nanoparticles (Figure
1) are dispersed with different concentration (0.1%,
0.5% and 1.0% wt.) in synthetic engine oil
(SAE10W40) and tribological test are conducted
using ball-on-disc geometry (Figure 2). The
morphology of worn surface are studied using
scanning electron microscopy (SEM), the elemental
analysis on the worn surfaces is also conducted with
energy-dispersive X-ray spectroscopy (EDS) and the
worn scar lengths are investigated using optical
microscopy (OM). When the optimized concentration
of nanoparticle additive is 0.5 wt.%, coefficients of
friction is decreased about 12.6%. This research has
uncovered a novel approach for minimizing energy
loss by friction reduction and should benefit many
sectors such as automobiles industry.
Keywords: nanoparticles, yttria-stabilized zirconia,
lubricant additives, lubricant, friction, wear.

Figure 1: SEM image of the nano YSZ powder.

Figure 2: Figure illustrating the wear test device and
the wear geometry.
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Calcium phosphate super-balls synthesized in presence of
gelatin and chitosan
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Abstract: Calcified tissue of vertebrates can be iden-

that electrostatic interactions between the two

tified as hybrid material, i.e. inorganic hydroxyapatite

polymers are of minor importance in contrast to

crystals bound by polymeric organics, arranged in a

hydrogen bonding.

hierarchical structure. There are known different
strategies to synthesize nanosized hydroxyapatite
with diverse morphological structures.
Besides of hydroxyapatite many kinds of calcium

Keywords: biomineralization, bone formation, cement material in bone repair, β-tricalcium phosphate
crystallites, open card house structure, super-balls,

phosphates are known. Calcium phosphates are classified by their Ca/P molar ratio. They can be converted into hydroxyapatite or used as Ca2+ ion resource.
Various biomineralization processes have been developed to stimulate bone formation in vitro. Here we
present a precipitation procedure, where thin calcium
phosphate platelets are formed at 90°C in presence of
gelatin and chitosan. After heating up the hybridmaterial to 600°C the polymer components are burned
out, and supramolecular flower-like ball structures
are observed, shown in Figure 1.
By means of FT-IR spectroscopy, powder diffractometric and energy-dispersive X-ray (EDX) analysis

Figure 1: High resolution SEM micrograph of
flower-like calcium phosphate balls

in combination with high resolution scanning electron
microscopy (HR-SEM) and high resolution transmission electron microscopy (HR-TEM), one can show
that dicalcium phosphate and β-tricalcium phosphate
(β-TCP) cristallites build up the inner structure of the
card house balls.
Additionally experiments, i.e. polyelectrolyte titrations and Differential Scanning Calorimetric (DSC)
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investigations, show that polymer-polymer interac-
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tions between gelatin and chitosan are of special
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relevance for the formation of such open, porous ball
structures. Based on these results one can conclude
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Abstract: New dynamic materials, that can repair
themselves after a strong damage, have been designed by hybridization of polymers with structurally
well-defined nanobuilding units.
Hybrid elastomers have been elaborated from a
common organic monomer, butyl acrylate, which
was co-polymerized, under conventional thermally
initiated free radical polymerization, with a difunctional
organotin
oxo-cluster,
[(BuSn)12O14(OH)16](AMPS)2.
This well-defined nano-size cross-linker was selected
because of the ionic interactions that the macrocation
[(BuSn)12O14(OH)16]2+ exchanges with its two
polymerizable counter anions (AMPS : Acrylamido2-methyl-1-propanesulfonate).
The controlled design of cross-linked poly(n-butyl
acrylate) (pBuA) has been performed by introducing
a very low amount of the specific tin oxo-cluster.
The non-covalent interactions (i.e. ionic bonds) developed at the hybrid interface play a double role.
Such interactions are strong enough to cross-link the
polymer, which consequently exhibits rubber-like
elasticity behavior and labile enough to enable, after
a severe mechanical damage, dynamic bond recombination leading to an efficient healing process at
room temperature. In agreement with the nature of
the reversible links at the hybrid interface, the healing process can be speed up considerably with temperature.
The healing efficiency was measured by a standard
stress/strain tensile experiment. Recovery as high as
75% of the original elongation at break was observed. The dynamic nature of the cross-linking, has
been studied by measuring the diffusion coefficient
of the organotin oxo-clusters inside the swollen material.

Figure 1: Illustrating of the crosslinking of poly(nbutyl acrylate) by nonobuilding blocks :
[(BuSn)12O14(OH)16](AMPS)2 a) damaged sample b)
healed sample c) healed area by SEM analysis.
References:
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Abstract: Nanostructured materials have become
increasingly popular due to their unique properties
in development of novel biosensors. Therefore, more
attention should be paid to find efficient synthesis
methods to match the enlarging demand of gold
nanoparticles. Several different solution synthesis
methods have been employed to prepare gold nanoparticles, including biomolecule reduction of
HAuCl4, seed mediated synthesis at room temperature and polymer-assisted synthesis. Recently, the
utility of nanomaterials for any application is strongly dependent upon their physicochemical characteristics and their interactions with surfaces modifiers
(Spadavecchia et al.; 2014). Exchange of organic
molecules on Au nanoparticles with PEG can indeed
be performed to prepare biocompatible PEGstabilized Au nanoparticles. Gold nanoparticles can
interact with specifically sequenced peptides that can
self-assemble on their surface. The polypeptides
could induce or prevent aggregation of nanoparticles
causing consequently the change of absorbance and,
moreover, allow to interact with other metal ions i.e.
Cd2+, Ni2+, Co2+, Zn2+ etc. Lead is a widely used
heavy metal in industrial applications (battery
manufacture, paint, gasoline, etc.). Lead is toxic by
ingestion and inhalation, and can seriously affect the
gut and the central nervous system. Phytochelatins
(PCs)oligopeptides have been widely studied because
of their ability to chelate heavy metal ions in plants
and fungi for detoxification mechanisms (Cobbett,
2000). We report here synthesis to prepare polymermodified gold nanoparticles and gold nanorods using dycarboxylic PEG (DPEG) as stabilizer. A new
kind of pegylated gold nanorods based assay to
quantify lead-Phytochelatin 6 (PC6) interactions in
aqueous solution by using the proteins as bioprobes
was developed (Politi et al., 2015). These hybrids
nanocomplexes are stable and biologically active:
even if linked by adsorbed-gold interaction on the
nanorods surface, the peptides are able to strongly
bind the heavy metal ions with an affinity constant
in the range of picomolar. The signal changes, i.e.
variation of FT-SPR peak position, are important
(more than 200 cm-1) even at very low concentration

(25 ppb) of metal ions: this result is very promising
for development of sensitive and effective nanoparticle-based biosensor for quantifying lead (II) ions
concentration in water (see Figure 1).

Figure 1. Schematization of oligopeptides selfassemblibg (A); UV-vis spectra of PEG gold nanorods during oligopeptides self-assembling (B); FTSPR shifts of nanostructured surface as function of
time of lead ions interaction (C).
Keywords: oligopeptides self-assembling, gold nanorods, lead ions detection.
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Characterization of Ferromagnetic Metal–Carbon
NanocompositesPrepared by Solid-Phase
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Abstract: We have synthesized a number of ferromagnetic metal–carbon nanocomposites (M/C, where
M = Co, Ni, Fe), using solid-phase pyrolysis of metal-phthalocyanines. This reaction can be represented
as (Manukyan et al.; 2012)
pyr pyr
M(C32 N8 H16 ) 
 M  32C,

T

,t

,p

8H 2 ,  4N 2

Where Tpyr is the pyrolysis temperature, tpyr the pyrolysis time, and ppyr the autogenic pressure in a reaction ampoule.
It is evident that the metal concentration in nanocomposites is about 3 at%. Changing the pyrolysis
conditions, it is possible to prepare superparamagneтic and ferromagnetic nanoparticles with sizes
from 5–10 nm to 200–300 nm in different carbon
matrices. The structure, morphology and magnetic
characteristics of nanocomposites were investigated
by electron microscopy, X-ray diffraction, Raman
spectroscopy and magnetometry. In particular, a
transmission electron microscope image of Co/C
nanocomposite is shown in Figure 1.
As seen, Co nanoparticles are embedded in the walls
of multiwalled carbon nanotubes and in their ends,
which leads to the bimodal size distribution (around
5 nm and 30 nm). From X-ray diffraction data it follows that Co nanoparticles have the fcc structure and
the mean size of 15 nm. Raman spectra of samples
contain "graphitic" G- and D-bands specific for carbon nanotubes. Magnetometry data show that Co
nanoparticles have the saturation magnetization of
128 emu/g at 300 K, which is about 90% of magnetization of bulk cobalt, and the coercivity 380 Oe.
The structure and magnetic properties of Ni@C and
Fe@C nanocomposites essentially differ from these
of aforementioned compounds. In this case nanocomposites consist of metal nanoparticles coated by
graphite-like shells (Ni@C and Fe@C), which prevent aggregation and oxidation of nanoparticles. The
magnetic characteristics such as saturation magnetization and coercivity as well as the specific absorption rate (SAR) make these materials attractive for
magnetic hyperthermia applications.

Figure 1: TEM image of cobalt nanoparticles embedded in the walls of multiwalled carbon nanotubes
and in their ends.
Keywords: metal–carbon nanocomposites, metalphthalocyanines, solid-phase pyrolysis, Co, Fe, Ni
nanoparticles, ferromagnetism.
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Abstract: Thermoelectric generators (TEG) / refrigerators (TER) can directly convert heat into electricity or vice versa. It is estimated that around 2/3 of
energy produced is wasted as heat, and direct conversion of huge amount of waste heat into electricity by
this green technology can significantly save on energy consumption and reduce carbon emissions because of its zero emissions and zero noise, excellent
stability and reliability, and robust applicability.(Kraemer et al., 2011) Only niche applications
have been achieved, however, due to the limited
number of high-performance thermoelectric (TE)
materials. Among the different types of TE candidates, metal chalcogenides, especially lead and bismuth based selenides and tellurides, have been extensively investigated and applied in TE devices due to
their excellent, reliable performance and lower cost
in comparison with other candidates.(LeBlanc et al.,
2014) Their performance has been drastically improved through advanced nanoscience and nanotechnology in recent years. (Han et al., 2014) Herein, a
robust low-cost and high-efficiency ambient aqueous
approach to the scalable synthesis of different surfactant-free nanostructured metal chalcogenides (MaXb,
M = Cu, Ag, Sn, Pb, Bi; X = S, Se, Te; a = 1 or 2;
and b = 1 or 3) has been developed (Figure 1). The
effects of different reaction parameters, such as precursor concentration, precursor ratio, and amount of
reducing agent, on the composition, size, and shape
of the resultant nanostructures have been comprehensively investigated. This environmentally friendly
approach is capable of producing large-scale metal
chalcogenide nanostructures in a one-pot reaction for
investigation of their thermoelectric properties towards conversion of waste heat into electricity. The
results demonstrate that the thermoelectric properties
of these metal chalcogenide nanostructures are
strongly dependent on the types of metal chalcogenides, and their figure of merits are comparable with
previous reports on their bulk and nanostructured
counterparts. Recently, this roubust approach was
extended to prepare CuAgSe ternary thermoelectric
nanoparticles in a large scale.(Han et al. 2014) The
resultant CuAgSe nanoparticles exhibit an interesting
temperature-dependent reversible transition of metallic-n-p conductivity, accompanied by the transition of
crystal structure from pure tetragonal phase, through
a mixture of tetragonal and orthorhombic phases to
cubic phase.

Keywords: ambient synthesis, metal chalcogenides,
nanostructures, thermoelectric.

Figure 1: this Figure illustrating the two parts work
that we are tempting to do: a general, scalable and
low cost synthesized route for different nanostructured metal chalcogenides has been proposed and
their thermoelectric performances will be tested.
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Efect of Temperature During Composite Materials Synthesis
for the use as Gas Separators in
Alkaline Water Electrolysers on their Ionic Conductivity and
Oxygen Barrier Propreties
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Abstract: Development of materials for the use in
alkaline electrolyzers for gas separation has been
directed towards surpassing the ionic conductivity,
gas tightness, chemical, mechanical and thermal resistivity, life span, and cost effectiveness of the health
hazardous asbestos and current state of the art Zirfon® separator 1.
Ionic conductivity of different gas separation membranes can be accurately determined by Electrochemical Impedance Spectroscopy with a four-electrode
zero gap cell, while the use of the four-electrode nonzero gap cell coupled with a Mass Spectrometer enables the oxygen permeability assessment 2.
In order to gather better understanding of the separator materials’ synthesis process, the interplay of the
synthesis parameters and the electrochemical properties of the separator is studied here.
Temperature during synthesis was shown to have a
significant influence on the ionic conductivity of developed separators. The effect of temperature on the
morphology of the separators was investigated using
X-Ray Diffraction and Scanning Electron Microscopy.
The understanding of the synthesis parameters interactions enables tuning of separators’ ionic conductivity and oxygen permability, through the optimisation
of the material fabrication.

Additionaly, it contributes towards broadening the
material’s application to systems other than alkaline
electrolyzers, such as fuel cells and solar hydrogen
generation.
Keywords: gas separation, synthesis temperature,
ionic conductivity, oxygen permeability, X-Ray Diffraction.
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Effect of polystyrene nanocomposite prepared via Pickering emulsion
polymerization on the mechanical properties of PP and EVA
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Abstract: Solid nanoparticles can be used as stabilizers for oil/water emulsions instead of the conventional surfactants. Emulsion polymerization of styrene, as an example of polymerizable oil, was started
in the current study after ultrasonication of the monomer into the aqueous phase, with the aid of montmorillonite nanoparticles as solid particles stabilizer for
the process. The imaging by a field emission scanning electron microscope (FESEM) equipped with
energy dispersive X-ray (EDX) unit and transmission
electron microscope (TEM) proved the formation of
polystyrene/ montmorillonite nanocomposite as hybrid latex particles via Pickering mode of emulsification. The mechanical properties of polypropylene
(PP) and ethylene-vinyl acetate copolymer (EVA)
were studied after addition of various loadings (2, 4,
8, 12, and 14 wt%) of prepared polystyrene/ montmorillonite nanocomposite hybrids.

Keywords: Pickering emulsion, styrene, montmorillonite, polymerization, ethylene vinylacetate, polypropylene, reinforcement, mechanical properties.

Figure 1: Scheme demonstrates the synthesis of
montmorillonite armored polystyrene latex via Pickering emulsion polymerization.
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Kinetic Study of Functionalization of Carbon Nanomaterials
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Abstract: Carbon-based nanomaterials are highly variable and possess unique physical properties. Presently,
multi-walled carbon nanotubes (MWCNTs) and graphene
nanoplatelets (GNPs) appear to be one of the most common and available materials. Nevertheless, their use in
composite materials is often limited owing to a tendency
to agglomerate. To improve the dispersibility in polymers
and solvents, the surface of carbon nanomaterials can be
functionalized by covalent attachment of various functional groups (Kharitonov at all, 2015) (hydroxyl, carboxyl, fluoride, amine, etc.). Functionalization is particularly valuable with respect to multilayered carbon
nanostructures based on graphene, because tendency to
agglomeration for this materials is especially strong because of large contacting surfaces.
The functional groups provide different kinds of interactions
between the carbon nanostructures and polymer molecules: 1)
electrostatic interaction; 2) hydrogen bond formation; and 3)
covalent bond formation. Sometimes, the formation of composite polymer layers on the carbon nanomaterial surface can be
observed due to such interactions. For instance, this may

occur when modifying functionalized MWCNTs and
GNPs with conducting polymers (polyaniline and
polypyrrole).
Owing to the above-mentioned effects, functionalized
MWCNTs- and GNPs-based composites are becoming
more widely used in the manufacture of structural, building and electrode materials (Kondrashov et al., 2013).
This, in turn, raises the problem of obtaining functionalized and modified forms of carbon nanostructures in the
industry. However, scaling processes of MWCNT and
GNP functionalization requires a detailed study of the
laws of their kinetics, determination of optimum technological regimes, providing production of materials with
controlled characteristics (Dyachkova et al., 2013 ).
In this report, we present the results from a study on kinetic regularities of the carbon nanotube functionalization
with liquid (nitric acid, potassium permanganate and hydrogen peroxide solutions) and gaseous (ozone, nitric
acid and hydrogen peroxide vapors) oxidizing agents. It is
shown that the gas-phase oxidation under optimum conditions allows obtaining materials with a high degree of
functionalization with minimal consumption of reagents.
It is proposed for the first time to use hydrogen peroxide
vapor as oxidizing agent. It is demonstrated that in this
case, the hydroxyl groups providing interactions with
polar polymer matrices are mainly formed on the carbon
nanotube surface. The optimum conditions for the carbon
nanotube functionalization process in the hydrogen peroxide vapor were determined. The advantages of the proposed methods are the ease of implementation in the industry and the absence of environmentally hazardous
waste.

Composites based on carbon nanomaterials modified with
polyaniline (PANI) were obtained, and it was shown that
preliminary functionalization of carbon surface with oxygen-containing functional groups improves the quality of
nanocomposites obtained. With using this method, composites PANI/oxidized GNP and PANI/functionalized
MWCNT were synthesized by of oxidative polymerization of aniline in presence of functionalized carbon nanomaterials. The kinetic regularities of the carbon
nanostructure modification with polyaniline were studied.
Besides, differences in temperature profiles of the oxidative polymerization reaction after modifying the pristine
and oxidized MWCNTs and GNPs were disclosed. Influence of the morphology of original carbon nanomaterial,
the degree of its pre-functionalization, medium acidity
and molar ratio of reagents in the oxidative polymerization on the yield of PANI and electrical, thermal and electrochemical properties of composite materials was investigated. It was found that degree of polymerization and
structure of PANI coatings are sensitive to the nature of
functional groups on the surface of carbon nanotubes.
Specific electrical resistance and capacitance properties
of composites based on carbon nanotubes modified with
PANI also depend on the conditions of oxidative
polymerization.
The work was carried out within the framework of supporting the cooperation between Russian higher education
institutions, state scientific institutions and organizations
implementing complex projects on creation of high-tech
production (RF Government Decree of April 9, 2010 No.
218; Contract of August 14, 2014 No. 02.G25.31.0123).
Keywords: multiwalled carbon nanotubes, graphene nanoplatelets, functionalization, oxidation, oxidative
polymerization, nanocomposites.
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Abstract: Titania (Titanium dioxide/TiO2), is one of
the most abundant elements and its application spans
through various fields because of its chemical
stability and specific photo induced properties.
Utilization of TiO2 in applications such as water
splitting, solar cells, pollutant mineralization and
disinfection needs high photocatalytic activity
whereas in paints and cosmetics TiO2 as a UV
absorbent needs controlled photo reactivity (Carp et
al.; 2004). There are four polymorphs of titania found
in nature Anatase, Brookite, Rutile and Monocilinic.
Among these Rutile is the most thermodynamically
stable and Anatase has the most favourable kinetics.
In certain systems, especially in photocatalytic
degradation reactions, the presence of two phases
(biphasic) for example, Anatase and Rutile, results in
visible light activation of the catalyst for the
production of reactive hydroxyl radicals. Thus the
crystalline nature of TiO2 decides its fate of
utilization. Precise and controlled fabrication of
titania nanoforms, to avail of high surface area is a
key challenge in developing TiO2 catalysts. One
dimensional structures such as nanotubes and
nanowires can be made as a mechanically stable three
dimensional assembly with high surface area.
Annealing of amorphous nanotubes (up to 500°C)
crystallized into Anatase phase, and heat treated
beyond 500°C, results in Anatase to Rutile
transformation along with collapsing of nanotube
morphology (Eder et al.; 2006).
In this work a simple and facile route to the synthesis
of pure anatase and biphasic (Rutile+Anatase)
nanotubes in powder form is proposed. This work

focuses on nanotubes formation through rapid
breakdown, electrochemical anodization with
perchloric acid electrolyte and crystallization of the
amorphous nanotubes through heat treatment. The
effect of impurities present in the system, which
causes early nucleation favoring rutile phase growth
by introducing surface defects and oxygen vacancies,
was also investigated. The nanotubes are
morphologically characterized by Scanning and
Transmission Electron Microscope; the crystalline
phases are studied by X-ray diffraction pattern;
optical properties by Diffusive Reflectance
Spectroscopy (UV-DRS). Nitrogen adsorptiondesorption (BET) studies were also carried out to
estimate the porosity and surface area.
Preliminary experiments were conducted to examine
the efficiency of these nanostructures for the
photocatalytic degradation of Paracetamol and
Famotidine in aqueous solutions.
Keywords:
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Photodegradation.
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Abstract: Superhydrophobic surfaces have
been widely studied for many years, in order to determine their characteristics and create new surfaces
with similar high water repellency. It has been determined that in addition to a chemical hydrophobicity (low surface energy), a surface roughness is also
needed (Cassie & Baxter, 1944; Wenzel, 1936). This
surface roughness is generally thought to require
both a microstructure and an overlying nanostructure
as observed on the superhydrophobic surface of the
lotus leaf (Neinhuis & Barthlott, 1997). This required
surface roughness has been produced in existing literature, using many different methods including solid
freeform fabrication (Barahman & Lyons, 2011),
etching, lithography and sol-gel (Celia et al., 2013).
Superhydrophobic surfaces are conventionally described as those with a static water contact angle of
greater than 150°.
3D printing is a very useful fabrication
method for producing 3D models with finely tuned
physical forms. Fused Deposition Modelling (FDM)
is the cheapest and easiest 3D printing technology,
but has a comparatively low print resolution. It was
thought to be unsuitable for printing superhydrophobic surfaces, as the necessary micro-scale dimensions
of the surface roughness were difficult to achieve. In
addition, the majority of FDM 3D printable materials
are chemically hydrophilic or have too low viscosity
to print the fine structures. Research by us has shown
that by manipulating the build parameters of the 3D
printer, carefully selecting the build material and
subsequently chemically treating the 3D printed surfaces with a hydrophobic polymer, it is possible to
produce close to superhydrophobic surfaces by FDM
printing. The surfaces produced in this way have
achieved contact angles of greater than 125° with a
10 µL water droplet. This provides a new method of
fabricating water repellent surfaces and opens up
new applications and possibilities for the design of
consumer products.
The hydrophobic nature of such a surface
can impart inherent bacteriostatic properties. This
effect can be increased by incorporating silver nanoparticles onto the surfaces, as silver nanoparticles
have been shown to have high antimicrobial activity
(Morones et al., 2005). Using the technology of
Johnston & Parry (2014) the 3D printed surface or
initial polymer filament can be functionalized with
silver nanoparticles to provide an effective antimi-

crobial surface without destroying the hydrophobicity of the surface. The paper presents the results of
this study.
Keywords: surfaces, superhydrophobicity, antimicrobial, 3D printing, silver nanoparticles
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Abstract: Molecular dynamics (MD) using Quantum Sutton-Chen potentials were used to obtain an atomistic
description of melting, glass formation and crystallization processes for Cu, Ni and Pd metals to study the PdNi
and CuNi alloys. The thermodynamic and mechanical properties were calculated in the 0-2000K temperature
range from the MD trajectories. The formation of amorphous Cu, Ni and Pd and their equimolar alloys by rapid
quenching was investigated from MD at constant pressure and temperature (TPN ensemble). The structural
properties were analyzed by means of pair distribution functions and volume vs temperature, at cooling rates
ranging from 40 K/ps to 0.4K/ps. The relation between the cooling rate and glass transition temperature, or
crystallization, was investigated. The radial distribution function agrees well with experimental results for
amorphous phases. Upon cooling rates in the range from 5K/ps to 0.4K/ps, Cu, Ni, Pd metals and CuNi alloy
form a crystalline structure while the PdNi alloy form a glass. A mismatch in atomic size (1.02 vs 1.134 ratio for
CuNi and PdNi, respectively) appears to favor the glass formation.
Keywords: Molecular dynamics, Quantum Sutton-Chen potentials,Cu-Ni alloys, Pd-Ni alloys, Quenching
rate,Glass formation.
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Abstract:
The
conversion
of
3Aminopropyltrimethoxysilane capped noble metal
ions (Au3+ , Pd2+ , Ag+) into respective nanopartcles
in the presence suitable organic reducing agents constitute new route of metal nanoparticle synthesis justifying potential applications in many biomedical applications (Pandey et al, 2011, 2012).1 The choice of
organic reducing reagent precisely govern the dispersibility, nanogeometry, pH and salt tolerance of as
synthesized nanoparticles for specific application2-4.
Some of the organic reducing agent enable the formation of organic –inorganic hybrid during nanoparticle synthesis justifying enhanced catalytic activity
of nanomaterial.5 It was further investigated that the
presence of graphene suspension along with reaction
mixture facilitate the process of nanopparticles synthesis with significant change in electrocatalytic ability of the material. The presence of graphene allow
nucleation site fo nanoparticles and results the formation of hybrid nanomaterial having potentiality for
biocompatible thin film formation. This study will
also permit us to discuss a new route of nanaoparticles synthesis justifying the micellar behavior of 3APTMS that precisely control the practical usability
of nanomaterial in biomedical applications..
Keywords: nanoparticle synthesis, organic-inorganic
hybrid, electrocatalysis, silica-based nanomaterials,
biomedical applications.

Figure 1: Figure illustrating the TEM image and respective diffraction pattern of graphene sheet that
facilitate the 3-aminopropyltrimethoxysilane and
formaldehyde mediated synthesis of gold nanoparticles.
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Abstract: Heterogeneous conducting composites
have been object of extensive studies in the last decades. The combination of conducting polymers with
inorganic materials having different properties opens
up new avenues for the development of innovative
hybrid materials with interesting features.[1-4]
Polyanilines have been extensively studied in recent
years due to many advantages among other conducting polymers such as low cost, easy synthesis, range
of electrical conductivities and unique reversible proton doping-dedoping processes.[5]
At the same time, gold nanoparticles have been applied both in biology and in technology due to their
tunable chemical-physical properties. Moreover, they
can be easily conjugated with biological molecules.[6] Combination of organic and inorganic materials having biological moieties could be potentially
applied in biosensor devices.[7]
We report the preparation of a new type of conducting organic-inorganic composite. In particular, conducting polyaniline in fiber form was dispersed into
PEG porous matrix containing gold nanowires in
network form.
The composite was characterized by TEM, SEM,
ATR-FTIR and XPS. The AC electrical behavior was
also studied. The relation among composition, morphology and AC electric response was taken into
account.
Morphological and spectroscopic analysis have revealed that the gold nanowires were included only in
the pores, while the hydrophobic polyaniline was
dispersed in the PEG matrix. It was assumed that the
more conductive phase were the pores, while the less
conductive was ascribed to the PEG matrix. Results
indicated that the PEG porous matrix conductivity
was marginally affected if only gold nanowires networks or polyaniline were added. In the first case the
pores filled by gold nanowire networks were electrically isolated, while in the second case the contribution to the electrical conductivity of PEG matrix was
low due to the low amount and low intrisinc conductivity of polyaniline.
Newertheless, when both these two fillers were present in the matrix, at the same concentration of the
previous cases, the percolation threshold was surpassed. Probably, the two fillers exerted a synergic
effect on the AC conductivity. Indeed, the pores may

be electrically interconnected through the polyaniline
chains inside the PEG matrix.
In conclusion, high conductive heterogeneous composite with high porosity has been realized. This
composite could be easly functionalizated with biological sensors and potentially applied as transduser
in a biosensor device.
Keywords: heterogeneous composites, porous polymer matrix, gold nanoparticles, AC conduction, electron microscopy.

References:
[1] C.G.Wu, D.C. Degroot, H.O. Marcy, J.L.
Schindler, C.R. Kannewurf, Y.J. Liu, W. Hirpo,
M.G. Kanatzidis, Chem. Mater. 8 (1996) 1992.
[2] T.A. Kerr, H. Wu, L.F. Nazar, Chem. Mater. 8
(1996) 2005.
[3] E.R. Hitzky, P. Aranda, B. Casal, J.C. Galvan,
Adv. Mater. 7 (1995)
180.
[4] W.J. Bae, K.H. Kim,W.H. Jo, Y.H. Park, Macromolecules 37 (2004) 9850.
[5] Trivedi, D. C., 1997. “Handbook of Conducting
Molecules and Polymers”, (ed.) by Nalwa, H. S.,
John Wiley and Sons 2:505.
[6] P. M. Tiwari, K. Vig, V. A. Dennis and S. R.
Singh, Nanomaterials, 1, 31-63 (2011).
[7] T. A. Kumar , E. Capua , M. Tkachev , S. N. Adler, and R. Naaman, Adv. Funct. Mater., 24(37),
5833-5840 (2014).

62

Low Pressure Chemical Vapor Deposition of Nickel Oxide
Nanospheres as Anode for Lithium-ion Battery
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Abstract: Low pressure chemical vapor deposition
(LPCVD) of nickel oxide (NiO) nanospheres prepared directly on current collectors is ideal for studying the electrochemical properties because they are
no interferences from additives. The direct growth of
the materials onto current collectors provides faster
mass and electron transport due to the improvement
in conductivity across the interfaces and through the
materials due to its nanosize. The microstructural
characteristics of the as-prepared nanospheres were
examined by high resolution transmission electron
microscopy which showed that they were arranged
randomly on the current collector. Selected area electron diffraction showed that the NiO is polycrystalline with the face-centered cubic crystal structure.
The X-ray photoelectron spectroscopy showed that
the as-prepared materials are pure NiO.
Aging of NiO electrodes were evaluated by
cyclic voltammetry (CV) and charge-discharge measurements up to 140 cycles in the voltage range from
0.1 – 4.0 V versus Li/Li+. After 140 cycles, a capacity of 1500 mAh/g was still observed. The expected
capacity of NiO is 718 mAh/g, therefore 782 mAh/g
is excess capacity. Both measurements revealed that
the material is intact on the current collector. The
LPCVD growth process creates very high surface
area NiO which is one of the reasons for the overall
improvement in electrochemical performances. However, high surface area introduces new challenges in
the use of conversion reaction (equation 1a) for actual rechargeable batteries. This study will highlight the
improvement in mass and electron transfer kinetics,
but will also address the origin of the excess capacity
observed in these systems due the high surface area
of the NiO.
NiO + 2Li+ + 2e-  Li2O + Ni0

(1)

Li + LiPF6/PC/DC/DMC  Li-Polymer + Li2CO3 +
LiF + LiO2CO-R (2)
Li-Polymer  Polymer + Li (3)
Keywords: nickel oxide, nanospheres, low pressure
chemical vapor deposition, conversion reaction, electrochemical properties

Figure1. (a) The galvanostatic discharge/charge performances of NiO nanospheres for 1st, 30th, 100th,
50th and 140th cycles at 1.5 C rate and (b) the CVs at
2nd and 130th cycles.
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Abstract: Nanoporous gold fabricated by electrolytic
dealloying (selective dissolution) of Ag from an
AgAu solid solution alloy has become a highly fashionable subject of research in the past decade. A
high-profile book published by RSC and an inaugural
conference held in Germany last summer have
brought the subject to an even wider audience. Our
own recent research has focused on the dealloying of
ternary AgAuPt alloys with a low Pt content (1-3
at%) and systematic variation of the Au/Pt ratio,
while maintaining 77 at.% Ag. Our published research, cited below, focused on the fundamental
mechanisms of formation of the nanoporous materials
and their response to heating in air or inert atmospheres (Pt co-segregates with O to the ligament surfaces in air, but desegregates in inert atmospheres).
All ternary alloys gave a much more refined asdealloyed morphology than the binary AgAu alloy,
because Pt enriches at step edges, hindering the surface diffusion of gold. The smallest ligament size
observed in our family of alloys is around 4 nm. Like
all dealloyed materials, they show a bicontinuous
morphology of ligaments and pores, with good mechanical integrity.
More recently, we have been examining the electrocatalytic properties of the dealloyed binary and ternary alloys. Alongside studies of methanol and ethanol oxidation, the Pt coverage of the nanosized ligaments has been probed by underpotential deposition
(UPD) of hydrogen and UHV surface analysis. The
UPD measurements show interesting variation from
what is usually observed, which we attribute to the
presence of isolated Pt atoms or very small clusters
that do not have hollow sites with 3 Pt neighbours for
H adsorption. These data require further analysis
using a more sophisticated model than we have been
using so far.

In basic solution, carbonate yields are high for methanol and surprisingly high for ethanol. The latter result is under further investigation using a variety of
analytical techniques. Studies in sulfuric acid are in
progress.
The air-annealing process to segregate Pt can probably be optimized further, and even lower Pt contents
in the starting alloy are of interest; however thermal
coarsening of the porosity appears to accelerate below 1% Pt.
Further alloying is of interest in order to further stabilize the porous structure.

Keywords: nanoporous metals, electrolytic dealloying, electrocatalysis, surface segregation.
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The kinetics of methanol and ethanol oxidation on
the dealloyed AgAuPt materials are very rapid, and
heat treatment in air to cosegregate Pt and O gives
even faster kinetics (when expressed as true anodic
current density; of course the porosity coarsens by
surface diffusion when the material is heated at the
necessary temperatures, >300oC, so the true surface
area is less).
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Abstract: Thiolate-protected Au nanoclusters have
fascinated chemists by offering well-defined and
homogenous surface, which can be applied for
catalytic reactions (Yamazoe et al.; 2014). Exposure
of catalytically active gold sites on the cluster surface
by thermal treatment and stabilization by supporting
on metal oxides represent two effective methods to
balance the catalytic activity and stability of Au
nanoclusters in oxidation reactions (Shivhare et al.;
2013). Au38(SR)24 nanocluster bears intrinsically
chiral features due to the arrangement of the
protecting ligands on the surface of the cluster
(Dolamic et al.; 2012), which makes it promising in
enantioselective catalysis. We investigate the
distinctly different interaction of Au38(SR)24 with two
support materials Al2O3 and CeO2 (Figure 1). The
catalytic surfaces have been heated in different
atmospheres and the removal of the thiolate ligands
has been studied. Thermogravimetry (TG),
Temperature programmed process coupled with mass
spectrometer (TPRDO-MS) and X-ray absorption
spectroscopy (XAFS) studies were performed to
understand the desorption of thiol ligands depending
on conditions and support material. Depending on
the atmosphere and the support material the fate of
the thiol ligands is different upon heating leading to
metallic Au in the case of Al2O3 and to cationic Au
with CeO2. The thiolate removal seems to be a twostep procedure. The catalytic activity of these Au38
supported clusters was studied for the aerobic
oxidation of cyclohexane. Conversion was higher for
the gold clusters supported on CeO2. Surprisingly, a
significant amount of cyclohexanethiol was found,
revealing the active participation of the thiolate
ligand in catalytic reactions. The observation also
indicates that breaking and formation of C-S bonds
can be catalyzed by the gold clusters.

Figure 1: Figure illustrating the support and thermal
pre-treatment effect on the modulation of Au38(SR)24
catalytic activity for cyclohexane oxidation.
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Abstract:
Superparamagnetic
iron-oxide
nanoparticles
(SPION)
with
appropriate
functionalized surface have attracted a great deal of
attention for their potential biomedical applications
including magnetic resonance imaging (MRI)
contrast enhancement, hyperthermia treatment, cell
sorting, drug delivery, immunoassay and tissue
repair. In all these applications, the tailoring of the
SPION surface is mandatory not only to improve
biocompatibility, solubility and stability but also to
ensure a small particle size distribution (below 100
nm) after decoration and to preserve good magnetic
properties, e.g. a high saturation magnetization.
Furthermore, the steric hindrance of coating can
affect the fate of NPs in biological system, such as
cellular uptake and accumulation, circulation and
clearance from body. Moreover, appropriate surface
functionality is the perquisite for conjugating
biomolecules to NPs for biomedical applications.
A dendritic approach as a coating strategy
for the design of functional NPs is particularly
interesting in the field of diagnostics (Figure 1).
The appeal of such strategy is due to the unique
properties of the dendritic structures which can be
chemically tuned to reach ideal biodistribution or
highly and efficient targeting efficacies. Indeed,
dendrimers are macromolecules consisting of
multiple perfectly branched monomers and this
architecture makes them versatile constructs for the
simultaneous presentation of receptor binding
ligands and other biologically relevant molecules.
Keywords: SPION, Dendron, MRI, bioelimination,
colloidal stability

Figure 1: Figure illustrating the dendritic approach
to functionalize NPs and dendritic coatings of
generation 1(G1), 2 (G2) or 3 (G3)
We propose here to compare the effect of a
linear ligand versus a dendritic coating of low
generation (generation 1(G1), 2 (G2) or 3 (G3)) on
the suspension stability, relaxivity properties and
bioelimination of spherical SPION of 10 nm
(NS10). NPs were synthesized by thermal
decomposition and functionalized via a direct
ligand exchange process.
The functionalization yielded nano-objects of 15 to
30 nm in size, stable in physiological media and
showing both renal and hepatobiliary elimination.
The colloidal stability of functionalized NS10 has
been evaluated in water and in different
physiological media. NMRD profiles and relaxivity
measurements highlighted the influence of the
molecule architecture on the water diffusion close
to the magnetic core thus influencing the relaxation
properties at low magnetic field. Coupling of a
fluorescent dye on the functionalized NS10 allowed
investigating their biodistribution and highlighting
urinary and hepato-biliary eliminations.
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As shown , Cauchy profile is the best one as it provides the
maximum slope.
Another analysis were done for different types of photodetectors at 1550 nm range . The used photdetectors are Ge,
InGaAs. For all cases, the Cauchy profile is the best one.
we compared the performance of the two photodetectors
and the case of constant response (Fig.2). InGaAs is much
better.
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Abstract: Recently, Fiber Bragg Gratings (FBGs) are attracting great attention in many applications such as underwater acoustic sensing. In this novel work, it is aimed to
improve the sensitivity of FBG through analyzing relationship between the detected light power and the wavelength shift due to the applied pressure of the acoustic
signal. The performance of various apodization profiles
has been investigated. Among some selected apodization
profiles, Cauchy profile has been proved to give the best
performance. Then, by applying to different photodetectors, the results show that InGaAs detector type is more
suitable than Ge one. At certain index modulation depth, a
maximum wavelength shift is calculated for different
lengths of FBG, after which there is no change would happen to the curve of light power and wavelength shift. These
results could be applied in developing the sensitivity of
acoustic sensors.
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is considered an indicator for the pressure

change. The operational range and pressure sensitivity are
the main targets to enhance the performance of FBG sensor.
First of all, the apodization profiles were tested to see
which one will produce maximum sensitivity . The simulation uses uniform FBG of length 0.75 cm , and index
modulation depth n of value 2 × 10-4. Constant response of the photodector was
assumed. Also, constant intensity of the incident light
(Fig. 1) .
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Fig.2 Response of different types of photodetectors.
It is important to calculate the maximum wavelength shift
before saturation. Fig.3 shows the reflectivity for different
FBG lengths.
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Fig.3 Maximum wavelength shift versus different lengths
of FBG.
Keywords: Fiber Bragg Grating, apodization profile, photodetector, Acoustic sensor.
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Fiber Bragg grating (FBGs) are becoming increasingly
important in optical communication systems and sensing[1]. Many applications were recorded for FBGs. One of
the most vital applications is sensing [2]. Either reflection
spectrum or transmission one can be used as a sensing tool.
For acoustic emission (AE) detection , Pizo-type sensor
(PZT) can be used . Due to its many drawbacks [3], FBG
becomes a promising sensor for AE. Simplicity, small size,
multiplexing probability , high sensitivity [1, 3] make
FBGs being better than PZT in sensing AE. The change
on the pressure due to the AE would change the transmission or reflection spectrum. The shift in the FBG wave-
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Fig. 1 The received intensity , W for different apodization
profiles.
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Abstract: Heterogeneity	
   is	
   here	
   to	
   stay	
  –	
   and	
   will	
   influ-‐
ence	
   science	
   even	
   more	
   in	
   the	
   future	
   –	
   partly	
   because	
  
future	
   raw	
   materials	
   are	
   likely	
   to	
   originate	
   from	
   natural	
  
resources.	
  	
  It	
  is	
  a	
  major	
  challenge	
  to	
  science	
  and	
  technolo-‐
gy	
   to	
   the	
   point	
   where	
   it	
   is	
   difficult	
   to	
   consistently	
   meet	
  
product	
  quality	
  standards.	
  
We	
  have	
  developed	
  a	
  new	
  method	
  –	
  a	
  systems	
  approach	
  
–	
   to	
   unlock	
   the	
   inherent	
   potential	
   of	
   distributed	
   data	
   to	
  
create	
   quantitative	
   relationships	
   between	
   in-‐
puts/parameters	
  and	
  outputs/performances.	
  
Previous	
   work	
   on	
   quantitative	
   correlation	
   of	
   distributed	
  
1
data	
   is	
   very	
   limited .	
   The	
   systems	
   approach	
   we	
   have	
   de-‐
veloped	
   allows	
   for	
   the	
   first	
   time	
   quantitative	
   relationships	
  
from	
  data	
  that	
  come	
  in	
  distributions	
  of	
  P(x),	
  P(y)	
  and	
  P(z),	
  
rather	
   than	
   single	
   values	
   of	
   x,	
   y	
   and	
   z.	
   It	
   enables	
   us	
   to	
  
predict	
  and	
  optimise	
  processes	
  and	
  materials	
  and	
  increase	
  
our	
  fundamental	
  understanding	
  of	
  heterogeneous	
  materi-‐
als.	
   The	
   goal	
   is	
   a	
   ‘grand	
   unified	
   theory’	
   for	
   dealing	
   with	
  
distributed	
  data,	
  spectral	
  data,	
  temporal	
  data,	
  spatial	
  data	
  
and	
  more	
  in	
  all	
  fields	
  underpinned	
  by	
  distributed	
  data.	
  
Here	
  we	
  address	
  effects	
  of	
  variable	
  quality	
  and	
  heteroge-‐
neity	
   of	
   raw	
   materials.	
   More	
   specifically	
   we	
   show	
   the	
  
power	
  of	
  the	
  systems	
  approach	
  for	
  manufacturing	
  of	
  pol-‐
ydisperse	
   catalytic	
   particles	
   and	
   understanding	
   relation-‐
ships	
  between	
  diffusion	
  and	
  molecular	
  weight	
  of	
  polymers	
  
in	
  solution.	
  

Figure	
   1	
   Six	
   independent	
   NMR	
   relaxation	
   and	
   diffusion	
  
measurements	
   represented	
   on	
   the	
   x-‐	
   and	
   y-‐axes,	
   from	
  
three	
   subsamples	
   a,b,	
   and	
   c	
   of	
   the	
   same	
   heterogeneous	
  
material,	
   e.g.	
   meat.	
   Combined,	
   the	
   independent	
   meas-‐
urements	
   are	
   used	
   to	
   find	
   the	
   quantitative	
   relationship	
  
(solid	
  red	
  line)	
  between	
  the	
  parameters	
  without	
  perform-‐
ing	
   time-‐consuming	
   2-‐d	
   measurements	
   (unpublished	
   da-‐
ta).	
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Abstract: Hydrothermal method is a well-accepted
sysnthesition method for its simple and low-cost procees as well as its rapid growth rate. Here highlyordered, one-dimensional (1D) nanowires/nanorods
arrays of rutile TiO2 were successfully grown on
transparent, conductive glass substrate (FTO) by a
hydrothermal method. Controllable length, diameter
and density of the nanorod arrays (NRAs) were realized by adjusting hydrothermal conditions such as
temperature, reaction time, concentration of reactants
and type of solvent etc. The effect of these hydrothermal parameters on TiO2 nanofilms growth was
discussed in detail. The density of nanorods can be
adjusted by varying the volume ratio of ethanol/water, and the orientation and crystallinity of
TiO2 nanofilms were enhanced with increasing dosage of ethanol. Samples with only ethanol as solvent
displayed the best orientation and maximum thickness. Except for ethanol, other alcohol such as methanol, n-propanol and n-butyl were also used as solvent to investigate the role of alcohol type during
hydrothermal process. It turned out that TiO2 nanofilms derived from all these alcohol solvents had the
feature of morphology and single-crystal orientation
similar to those prepared from ethanol. Furthermore,
the areal density and degree of orientation of these
samples reduced with decreasing molecular mass of
the alcohol solvent. Films using ethanol as solvent
possessed the optimal balance between orientation
and surface morphology. Highly sensitive hydrogen
sensors have been realised using self-assembled TiO2
films.

300nm
Figure 1: Morphology of typical rutile nanorod. The
density of the nanorod varies with the volume ratio
of ethano/water. HRTEM image exhibits high crystalinity of the nanorods, which contained clomnar
subgrain boundaries. Inset shown corresponding FFT
from the top subgrain.

Keywords: self-assembly, TiO2 thin films, Hydrogen
sensing, hydrothermal synthesis
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Abstract: Improvement of lithium-ion electrodes
with high charge and discharge capacities is in high
need especially for electronic devices and electric
vehicles (Gong et al., 2013). For that reaso, development of ion transport in the crystal structure is
needed (Li et al., 2013). The general idea is synthesizing nanometer scale particles. Reducing the particle size helps the ion diffusion in the structure (He et
al., 2014). Titanate nanotubes are promising materials because of their special morphology and high
specific surface area. The nanotubes are formed by
rolling-up of titanate nanosheets (Kasuga et al.,
1998). These titanates provide high rate capability
and low volume expansion upon lithiation (Ren et al.,
2010). More importantly their tubular structure helps
the transport of ions through the crystal. In this study,
we synthesized titanate nanotubes and modified the
interlayer distance by changing the pH. For the characterization XRD, SEM and BET (Figure 1) techniques were used. In addition, the effect of interlayer
distance on energy capacity and rate capability was
investigated. The shortest interlayer distance was
observed at pH 4,5. Getting further away from this
point, interlayer distances increased and this also
increased the nanotube diameter. Conversely, specific
surface area reaches its maximum value at pH 4,5.
Potential-capacity profiles of TiO2 nanoparticles
showed distinct potential plateaus. Nevertheless, a
very fast capacity drop was observed for TiO2 particles. On the other hand, for titanates, broad peaks
appear in CV measurements. For titanates capacities
higher than 700 mAh/g were obtained. More importantly, titanates showed exceptional rate capabilities especially at wider interlayer distances due to
higher mobility of ions in the structure (Figure 2). It
was found that interlayer distance plays an important
role in rate capability. However the material still
needs some modifications to stabilize the capacity.
Keywords: expanded titanate nanotubes, pH, high
capacity, high rate capability, Li-ion.
Acknowledgement. This study is supported by The
Scientific and Technological Research Council of
Turkey (TUBITAK): Project No. 113M575.
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Figure 1: Surface area and interlayer distance values
at various pH values: The shortest interlayer distance
of 7,4 Å was observed at pH value of 4,5. Getting
further away from this point, interlayer distances
increased and this also increased the nanotube diameter. However, the highest specific surface area value of 334 m2/g at was obtained at pH of 4,5.

Figure 2: Rate capability test of titanate modified at
pH 4,5: Potential-capacity profiles of TiO2 (anatase)
nanoparticles showed distinct potential plateaus at
1.7 and 2.2 V for discharging and charging, respectively. However, the capacity dropped from 254
mAh/g to 87 mAh/g in 10 cycles. Titanates show
broad peaks appear in CV measurement. For titanates capacities as high as 750 mAh/g were obtained.
More importantly, titanates showed exceptional rate
capabilities especially at wider interlayer distances
due to higher mobility of ions in the structure.
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Preparation of Graphene Encapsulated Silicon Nanoball by CVD
using Metal Coating
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Abstract: Concerning application of graphene, a lot
of efforts have been made to improve performance of
nanomaterials in many fields, such as electric and
electronic devices. Some examples are preparation of
3-dimentional structure like nanoball or nanobubble
by CVD process and hybridizing with silicone. These
graphene-based materials are proven to be available
for secondary battery, EMI and ACF in electronics.
Especially, some research has shown that they were
very effective to enhance safety and volumetric capacity when they were used as anode materials of
secondary battery. Graphite or its compound with
metal has been used as an anode material due to their
high stability and reversibility, but it still has lower
charge capacity. On the contrary, silicon is known as
a material which increases the charge capacity to four
times compared with carbon-based materials but it
has lower stability and reversibility. For that reason, a
few researchers just started to improve the charge
capacity by hybridization of carbon-based material
with silicon. In this study, we prepared a nanocarbon
based material which had a new structure of graphene
encapsulated silicon nanoball as an anode material
which was applicable to high-capacity secondary
battery. In order to form a graphene encapsulated
silicon nanoball, metal coated silicon nanoballs was
fabricated by electroless plating process. And then
graphene was formed on surface of the resulting metal coated silicon nanoballs by CVD process. Finally,
metal of the resulting materials was etched by hydrogen chloride. After etching process, the graphene
encapsulated silicon nanoballs were formed a space
between the silicon particle and the graphene, which
can give more safety to volumetric change of anode
during lithiation and delitiation when it applies to
secondary betteries. Morphology of the graphene
encapsulated silicon nanoball was observed by the
field emission scanning electron microscope
(FESEM) and the field emission transmission electron microscope (FETEM) to find core-shell structured nanoball. Spherical structure of graphene encapsulated silicon nanoball was investigated by the
Raman, the X-ray Photoelectron Spectroscopy and
the X-ray diffraction spectra to identify graphene
layers on the surface of the inner silicon core.

Figure 1. TEM image of graphene encapsulated
silicon nanoball
Keywords: graphene, nanoball, silicon, encapsulate,
CVD.
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Abstract: One-dimensional nanostructures offer a
large range of potential applications in nanoelectronics devices. For instance, ZnO piezoelectric
nanowires (NWs) are promising elements for functionalities enhancement in nanodevices (Wang et al.,
2010), The implementation of these structures has
been considered for high sensitivity sensors applications (Hichet et al.,2012) and the work presented
here aims towards the full integration of these NWs
within conventionnal silicon technologies in a morethan-Moore approach. In order to do so, a certain
number of issues must be addressed: (i) pixel geometry, (ii) optimal pixel response collection, (iii) microfabrication and processing of specific materials (ZnO
seed-layers) and (iv) controlled growth of NWs on
processed chips.
We present the progress on finite element method
(FEM) model of the full pixel architecture that provide valuable guidelines for optimal microfabrication. We report the parametric study of the
piezo-response of one pixel as a function of the seedlayer thickness (t) and the electrode-NW spacing (d).
It was found that the collection efficiency, i.e. the
ratio of piezo-potentials in the electrodes and the
NW, is higher for thinner seed-layers. For a perfect
electrode-NW contact (d=0nm), collection efficiencies of about 60% are obtained for realistic seedlayer thicknesses (t~20nm). This value drops from
30% when electrode-NW contact is discontinued
(few nm), emphasizing the small tolerance towards
the contact spacing related to process variability.This
study suggests the importance of fabrication variables
and the nature of the seed-layers on the pixel response.
The impact of the seed-layers nature on the NWs
features (e.g. average diameter, length and tilt angle)
was investigated by carrying out NWs growth by
hydrothermal method (Lincot et al.,2010) on different polycrystalline layers. We showed that chemical
vapor deposited gallium-doped ZnO layers at 450°C
are suitable, leading to µm long NWs and to 85 ± 23
nm and 165 ± 40 nm average diameter for templatefree and localized growth (through 150nm holes
spaced of 750nm), respectively.
It is shown that both FEM simulations and nanowires
growth provide valuable insight for device guidelines
and micro-fabrication.

Keywords: heterogeneous integration, nanowires,
piezoelectricity, zinc oxide, nanodevice, simulation.
a)

b)

c)

Figure 1: a) Schematic of the NW-based sensor; b)
FEM simulation illustrating the mapping of the piezopotential of one pixel including one NW, two electrodes, the underlying ZnO seed-layer and a Sisubstrate; and c) ZnO NWs obtained in a localized
growth approach (through 150nm holes spaced of
750nm).
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Transport properties of nanoscale TFET by atomic
scale simulations
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Abstract: In this study we describe the transport
characteristics of 2D-InAs tunnel field-effect
transistors by means of atomic scale simulations. In
particular, we compare results from density
functional theory (DFT) using the Meta-GGA
exchange correlation potential and tight-binding
(TB) Hamiltonian. For the first time we show that
the two methods give comparable results proving
the predictive power of atomic scale simulations for
this type of devices. Here, we describe the relevant
theory and methodology employed. Moreover, we
illustrate how one can easily modify all the
important parameters of such nano devices to tune
the corresponding transfer characteristic. For
example, we can modify, at the atomic level, surface
passivation, device geometry, doping concentration
and doping regions (see figure 1a where the transfer
characteristic of the 60 nm 2D-InAs p-i-n device
with a 10-nm underlap region is shown), gate
material (through work gate function tuning), and
more. Results are analyzed in terms of I-V and
transfer characteristics, real space density of states
(band bending, see figure 1b), charge transfer,
spectral current, effective potential across the device,
as well as band structure and effective mass analysis
of the nano structures employed. All calculations are
performed with state of the art theories and methods
as implemented in Atomistic Toolkit [1].
The research leading to these results has received
funding from the European Community’s Seventh
Framework Programme (FP7/2007-2013) under
Grant Agreement III–V-MOS Project No. 619326.

Keywords: tunnel field-effect transistor; density
functional theory; tight binding Hamiltonian; InAs;
atomic scale simulations;
Figure 1: TFET atomistic simulation of a 2D-InAs
p-i-n device: a) transfer characteristic of the device
with a 20 nm and a 10 nm n-doped region,
respectively. The source-drain bias is -0.5 V; b)
projected local density of states across the 60 nm
device
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InAsSb based room temperature Infrared Photodetectors
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Abstract: InAsSb based semiconductors have been
attracting more attention in the recent years as they
are excellent materials for midwave infrared photodetectors which have wide applications over many areas
[1-5]. One of the main features of the materials is the
operation at near room temperature. In this paper, we
present structural and optical properties of InAsSb
epitaxial layers grown on GaSb substrates by molecular beam epitaxy and their photodetection performance. X-Ray Diffraction study shows that the ternary alloys operating at mid-wave infrared range can
be made almost lattice-matched to the GaSb substrate. Photoluminescence measurements reveal that
the energy band gap of the InAsSb materials follows
the Bose-Einstein relation better than the Varshni
law. Photoconductors fabricated with this material
show spectral responses ranging from NWIR to
MWIR at near room temperatures. The measured
Johnson-noise
limited
detectivity
is
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~ 1.4 108 cm  Hz1/2 W 1 at room temperature,
9
1/2
1
and it can reach ~ 1.1 10 cm  Hz W
by
decreasing the temperature to 38 K.
Keywords: Infrared photodetector, InAsSb based,
detectivity.
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Abstract: Due to the electrical double layer, a nanometric restriction in a glass microchannel acts as a
selective filter for ions under specific electric field
and ionic strength. The unbalanced transport between
anionic and cationic species in the microsystem leads
to a polarization of the ionic concentrations (Zangle
et al., 2009). This polarization effect provokes variations of the local ionic flow which can be canceled at
some specific locations where ions are collected. This
phenomenon can be used to preconcentrate biomolecules before a separation step to improve the limit of
detection. Numerical simulations (Plecis et al., 2008)
have shown that the localization, the intensity and the
stability of the preconcentration vary depending on
several parameters such as the electrophoretic mobilities, the channel surface charge, the bulk composition, the ionic force, the voltage or the height of the
nanochannel etc. Four different preconcentration
regimes, stable or unstable, can thus be defined depending on the position of the preconcentration front
line. Our experiments have demonstrated the existence of these four regimes and our capabilities to
travel in the regime diagram by varying the ionic
force or the voltage. Tuning these parameters, preconcentration rates as high as 103 have been reached
after 5 minutes. Moreover, by adding a hydrodynamic pressure flow (Figure 1) (Louër et al., 2013), we
are also able to stabilize unstable preconcentration
regimes or adjust the localization of the preconcentration front line either on the anodic or on the cathodic side of the nanochannel (Figure 2) where it is
required for further step of analysis.

Figure 2: Two types of preconcentration for BSA: (a)
Anodic Focusing (AF) when voltage and pressure are applied in the same way corresponding to an “anodic pressure” and (b) Cathodic Focusing (CF) when the two flows
are opposite (case of a “cathodic pressure”). ΔE=80V/cm

Keywords:
Electrophoretic flow, electroosmotic
flow, ionic transport, electropreconcentration, nanochannel, nanofluidics.
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Figure 1: (a) General view of the whole pure-glass chip
that integrates a 100µm-long and 150nm-deep nanochannel in a 1µm deep microchannel and (b) The mechanism
of pressure-assisted preconcentration and separation. The
local transport rate profile is represented in the MNM
structure (flux of the analyte vs distance in the structure).

Plecis, A., Nanteuil, C., Haghiri-Gosnet, A. M.,
Chen, Y. (2008), Electropreconcentration with
Charge-Selective
Nanochannels,
Analytical
Chemistry, 80, 9542-9550.
Louër, A-C., Plecis, A., Pallandre, A., Galas, J-C.,
Estevez-Torres, A., Haghiri-Gosnet, A-M. (2013),
Pressure-assisted selective preconcentration in a
straight nanochannel, Analytical Chemistry, 85,
7948-7956.

76

Controlled Insulator to Metal transition in SiO2 –TiO2
nanocomposite containing silver nanoparticles
Tapajyoti Das Gupta1 , Joelle Corde1 , Sandrine Perruchas1 , Jean-Pierre Boilot1 , Alistair Charles Rowe1 ,Thierry Gacoin1
Ecole Polytechnique, Palaiseau, France

Abstract: Titanium dioxide is a well known semiconductor compound with exceptional dielectric,
electronic and physico-chemical surface properties.
These properties have been exploited in many applications such as white pigments, solar cells and photocatalysis, the latter being extensively studied for
practical applications in decontamination or self
cleaning devices [1]. The basic principle relies on
the high redox activity of photogenerated carriers
and radicals resulting from their reaction with adsorbed species at the surface of theoxide. Recently,
our group developed nanostructured photocatalytic
films based on the dispersion of preformed colloidal
TiO nanoparticles into a surfactant template mesoporous silica binder. Such coatings were shown to
exhibit exceptional self-cleaning properties. Recently, we investigated the potentiality of these film for
the development of nanostructured metal-dielectric
coating[2] obtained by the in-situ photoreduction of
silver salts. Tunable silver volumic fraction up to
18% could be obtained by playing on the irradiation
dose during the photoreduction process. Saturated
films are near homogeneously filled over their entire
thickness and exhibit metallic conduction properties
with a conductivity of 40 S.cm properties of the
nanocomposite films was also investigated, evidencing a critical volume fraction, φ* ~ 13.1 %. The
effect of mechanical stress on the electrical properties of the nanocomposite films was also investigated, evidencing a critical volume fraction, ɸ* ~ 13.1
%, around which the resistance changes by orders of
magnitude by applying a mechanical stress. It has
long been recognized that the percolative insulatorto-metal in conducting metal composites is of potential use in sensor applications because the resistance
of the material changes rapidly by many orders of
magnitude with small variations in the conducting
particle volume fraction, φ. However, fluctuations in
the composite resistance also become large at the socalled critical volume fraction, φ*, where percolation occurs. Here we show experimentally that, in
consequence, the resulting intrinsic signal-to-noise
ratio for strain detection is small at φ*. The maximum signal-to-noise ratio is obtained slightly to the
conducting, metallic side of the percolation threshold[3]. Ag/silica
nanocomposites should therefore be considered as a
high sensitivity, low cost composite alternative to
commercially available strain gages.
Finally, the photochromic properties of these films
were investigated usingpost-synthesis irradiation of
silver loaded films at different wavelengths [2].

Figure (a).Images of the films subjected to different
time of irradiation with UV lamp in the Ag+ solution
(b) Plots for the variation of resistance with volume
fraction (c) Absorbance spectra (S1 8.2% vol; S2.
7% vol, S3 11 % vol) irradiated with laser beam at
405 nm, 532 nm and 633 nm respectively[2]
Significant changes in the plasmonic absorption
spectra were explained as resulting from a local redistribution of the silver phase through irradiation.
Keywords: nanocomoposite, piezoresisitve material,
photocatalysis, in-situ process, photochromic effect
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Abstract: The recent discovery of topological
insulators (TIs) has provided new route for producing low-dimensional relativistic electronic
states. The exotic surface states of TIs have attracted the attention of scientists because of their
fascinating physical properties and applicability
in thermoelectric (TE) applications (Hsiung et al.;
2013, 2015).
Recently, the Bi1.5Sb0.5Te1.7Se1.3 (BSTS) system
was confirmed to be a high-insulating bulk TI with
high bulk resistivity because of the ordered occupation of Te/Se in the quintuple-layer unit, which substantially cancels the bulk carriers. In addition, the
low-dimensional nanostructure with a high surfaceto-volume ratio enables metallic surface conduction
and TE transport properties to be efficiently probed.
In this study, we selected BSTS nanowires as our
target specimens and expect to observe the novel
transport and TE properties therein.
We report an observation of an order of magnitude enhancement of the thermoelectric figure of
merit
(ZT=0.36)
in
topological
insulator
Bi1.5Sb0.5Te1.7Se1.3 nanowires at 300 K as compared
with its bulk specimen (ZT=0.028). The enhancement
was primarily due to an order of magnitude increase
of electrical conductivity of the surface-dominated
transport and thermally activated charge carriers in
the nanowires. Magnetoresistance analysis revealed
the presence of Dirac electrons and determined the
Fermi level near the conduction band edge. This
might be the first thermoelectric measurement of
samples with a chemical potential in the gap of topological insulator without gate tuning and provides an
opportunity to study the contribution of surface states
to Seebeck coefficient and resistivity without concern
for the complex effect of band bending.

Figure 1: Thermoelectric transport measurements of
topological insulator Bi1.5Sb0.5Te1.7Se1.3 nanowires
reveal an enhancement of the thermoelectric figure of
merit as compared with its bulk specimen.
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Abstract: Nanogranular thin films of Bismuth with
nominal thicknesses 15nm and 50nm were deposited
by magnetron sputtering on Si(100)/SiNx(100nm)
substrates. Hall effect measurements between 5K and
300K reveal two conduction channels, and the observed curves (Fig.1a) of Hall resistivity 𝜌𝛨 (𝛣) can
be formulated as:
𝑆𝑢𝑟𝑓
𝐵𝑢𝑙𝑘
𝜌𝛨 (𝛣) = 𝜌𝛨 + 𝑅∞
∙𝐵
𝑆𝑢𝑟𝑓
where 𝜌𝛨 is the intersection point with ρΗ-axis and
𝐵𝑢𝑙𝑘
𝑅∞
is the slope of 𝜌𝛨 (𝛣) curve for B>3T, that is
𝐵𝑢𝑙𝑘
assigned to a bulk Hall coefficient: 𝑅∞
~(e∙neff)-1 ,
with neff an effective carrier concentration. The temperature dependence (Fig.1b) of film resistivity
ρxx(T,B=0) varies according a fitting function:
𝑛
ρxx(T,B=0)=ρxx(5K,B=0)𝑒 −(𝜆𝛵)
that is related to a phase coherence length
𝐿𝛷 (𝛵)~𝑇 −𝑛 . Fig.1b shows the fitting curves and parameters to experimental data. A connection has been
𝑆𝑢𝑟𝑓
𝐵𝑢𝑙𝑘 (𝑇),
revealed among 𝜌𝛨 (𝑇), ρxx(T,B=0) and 𝑅∞
indicating that:
𝑆𝑢𝑟𝑓
2
𝐵𝑢𝑙𝑘 (𝛵)~
𝜌𝐻 (𝛵, 𝐵 = 0)~𝜌𝑥𝑥
(𝛵, 𝛣 = 0)~𝑅∞
(neff)-1
𝑆𝑢𝑟𝑓
Fig.1c shows a scaling relationship: 𝜌𝐻 = 𝑎𝜌𝑥𝑥 +
2 =𝑅 ,
𝛽𝜌𝑥𝑥
that is expected in case of anomalous
𝑆
Hall coefficient 𝑅𝑆 . Most important is the contribu2 , that is unlikely
tion of the side-jump term: 𝜌𝐻𝑆𝑢𝑟𝑓 ~𝜌𝑥𝑥
to be due to intrinsic mechanism inside non-magnetic
2
Bi. The origin of a: 𝜌𝐻𝑆𝑢𝑟𝑓 ~𝜌𝑥𝑥
, term can be attributed
to extrinsic contribution from a combination of surface roughness plus electronic confinement inside
grains (Zhou et al.; 2015), and metallic edge states
(Takayama et al.; 2015) in nanogranular structure of
Bi(15nm) and Bi(50nm) films.
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The observed analogy (not shown here) of intersec𝑆𝑢𝑟𝑓
2
tion points 𝜌𝐻
(Fig.1a) and 𝜌𝑥𝑥
(𝛵, 𝛣 = 0) values
𝐵𝑢𝑙𝑘 (𝛵)
(Fig.1b) to high-field slope values 𝑅∞
in
𝜌𝛨 (𝛣) curves (Fig. 1a) is quite unusual and shows
that the observed side-jump term cannot be attributed to magnetic susceptibility contributions that is
reported in paramagnetic amorphous metals (Rhie et
al.; 1993).
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Figure 1: (a) Hall resistivity ρΗ(B) in Bi(15nm) film.
(b) Normalized resistivity ρxx(B=0). (c) Scaling relationship between ρΗ(B=0) and ρxx(B=0):
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Abstract: The concoction of chemistry, nanotechnology and electronics initiated what is known today
as the field of Molecular Electronics, an intense
emerging field that offers promise of replacing the
current inorganic micro-sized electronics with nanoscale electronic platforms bearing active molecular
components. In addition to their advantages in miniaturization, molecular electronic components provide
enormous versatility to tune the electronic properties
by the plethora of synthetic tailoring. Reversible single-molecule conductivity switching in response to
external stimuli currently represents a major aim encouraged by the highly tunable switching capabilities
offered by chemical backbones. Herin, we will present mutli-responsive single-molecule electrical
switches based on incorporating phtochromic molecules between two metal electrodes using the scanning tunneling micrsocopy break-junction technique.
A light pointer and/or a chemical signal can rapidly
and reversibly induce the isomerization of bifunctional spiropyran derivatives in the bulk reservoir and
consequently switch the electrical conductivity of the
single-molecule device between a low and a high
level.1 In addition, we will present electrochemical
switching of single anthraquinone molecules trigerred
by electrochemical gating.2 These studies contribute
to the next limit of miniaturization of electronic components which is the realization of single-molecule
electronics.

Figure 1: Figure illustrating an example of a singlemolecule switching device based on the irradiation of
UV-light1.
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Abstract: The use of optics in microelectronic circuits to overcome the limitation of metallic interconnects is more and more considered as a viable solution. Numerous photonic building blocks compatible
with CMOS fabrication tools have been developed.
However, the integration of all these building blocks
in the same chip is very complex and is not costeffective due to the various materials used: Ge, Si
and III-V. This drawback could be significantly overcome with the use of carbon nanotubes (CNTs). Indeed, CNTs are nanomaterials of particular interest in
photonics thanks to their fundamental optical properties to emit, modulate and detect light in the wavelength range of silicon transparency. Here, we report
on the comparison of the light emission coupling
from CNTs into optical resonators including strip and
slot ring resonators, photonic crystals and micro-disk.
A theoretical and experimental analysis of the light
interaction of CNTs according to the optical waveguide configurations will be carried out.
First, silicon waveguides were fabricated using classical Si process. CNTs embedded into a polymer
layer were then deposited on the top of the waveguide. Figure 1 presents a theoretical comparison of
the interaction between light and the strip and slot
waveguide geometries, respectively.
(a)

(b)

Fig. 1: Schematic views of strip waveguide (a) and
slot waveguide (b). TE mode (Electric field E x)of
strip (c) and slot (d) waveguide.
As it can been seen, the optical mode in the slot
waveguide is much more localized outside silicon
(i.e. in the CNT layer), while for strip waveguide the
mode is nearly confined inside silicon. In terms of
light interaction with the CNT layer, slot waveguides
are thus more promising to enhance the light coupling
from CNTs. However, in terms of propagation loss,
strip waveguides exhibit lower loss which induces
better resonator behavior (i.e. higher Q-factors).
In conclusion, CNTs have some remarkable optical
properties which could be exploited to develop a new
kind of hybrid phtonics on silicon platform for a
large range of applications including on-chip optical
communications. We will present the latest results on
the experimental demonstration of the light coupling
from CNTs photoluminescence into a slot waveguide
and its comparison under the same measurement
conditions with a strip waveguide.
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Abstract: Interstitial carbides and nitrides of early

demonstrated that molybdenum carbide nanoparticles

transition metals in Groups IV-VI exhibit platinum-

exhibited the highest and most stable HER current in

like behavior which make them promising candidate

acidic media, with an onset potential of -100 mV vs.

to replace noble metals in a wide variety of reactions

RHE, among the samples prepared in this study. This

in particular electrocatalysis. Most synthetic methods

result is attributed to the sufficiently small particle

used to prepare these materials lead to bulk or micron

size (8 nm on average) and accordingly high surface

size powder which limit their use in catalytic applica-

area (308 m2 g_1). The graphitized carbon layer on its

tions. Attempts toward production of transition metal

surface formed by this synthesis may also function as

carbide and nitride nanoparticles in sustainable, sim-

an electronic bridge which will accordingly enhance

ple and cheap manner have been rapidly increasing.

the electronic conductivity and improve electron

In this paper we present a new approach to prepare

transfer reaction at the surface.

nano-scale transition metal carbides and nitrides of
group IV-VI by utilizing mesoporous graphitic car-

Keywords: transition metal carbide; transition metal
nitride; nanoparticles; carbon nitride.

bon nitride (mpg-C3N4) that not only provides confined spaces for nanoparticles formation but also acts
as a chemical source of nitrogen and carbon. In addition, our study shows that a whole class of transition
metal carbide and nitride (IV-VI) nanoparticles with
a size of 3 nm can be obtained in similar way directly
through the reaction of mpg C3N4 with transition
metal precursors under flow of N2 at different temperatures while keeping the weight ratio constant at
1:1. The produced nanoparticles were characterized
by XRD, CHN elemental analyses, TGA, nitrogen
sorption, XPS, and TEM. These results confirmed

Figure 1: HER voltammograms of molybdenum carbidecarbon nanocomposites synthesized under different temperatures under N2 flow and commercial Mo2C.
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Abstract: Quantum dots (QDs) have very wide scope
of applications: in biomedicine, for the construction
of photodetectors, solar cells, and electroluminescent
devices among them the most interesting QD-LED
displays. The II-VI QDs, for example CdSe and CdS,
have been studied extensively, however have serious
disadvantage – high toxicity of material, that’s why
another systems, such as A3B5-system, should be
investigated. InP is a promising material for the
creation of eco-friendly materials because it is more
stable than II-VI materials and does not contain toxic
elements, such as Cd, Hg, or Se. One of the ways to
produce InP QDs is phosphine synthetic route, which
allows to obtain QDs with narrow size distribution
and
good
crystallinity
but
quite
low
photoluminescence intensity (Mordvinova et al.;
2014). This work is devoted to doping of InP QDs
with zinc using gaseous phosphine as phosphorous
precursor and myristic acid as stabylizer. We
demonstrate how zinc affects the optical properties of
QDs. We report the influence of different parameters
(zinc amount, stabilizer, temperature and duration of
synthesis) on luminescence wavelength and intensity.
In addition we show that doping with zinc is
accompanied with zinc-shell covering and is an
effective way to improve optical properties of InP
QDs.
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Figure 2: Typical luminescence spectra of Zn-doped
QDs and its Gauss fitting.
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Figure 1: Luminescence of QDs with different mean
diameters after postsyntetical treatment.
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Abstract: Resistive nonvolatile memories such as
memristors, Magnetic Torque Junctions (MTJs) and
Phase Change Memorys (PCMs) among others are
considered as potentiall candidates for storage class
memory, which is a new memory class presented to
bridge the gab between high speed volatile memory
and low dense power consuming nonvolatile memories. This class is expected to capture the desired
qualities from both previous types to fulfill the growing demands of consumer electronics markt. PCM in
particular poses most of desirable properties; including high density and scalabily, high operating speed,
endurance and full CMOS compatibility (Nemat H.
El-Hassan et al. 2014). Non-volatility of PCMs
comes from the fact that the material exhibits a thermally induced phace change between at least two
resistive states, and that the phase does not spontaneously reverse; therefore the material resistance is
considered a memory element, and by placing a PCM
in a crossbar architecture a very high density memory
system can be achieved. Although the standard
crossbar structure (Figure 1) offers high density, the
sneak path ( leakage) current issue effect the operation of PCM units, this effect is measured and compared between a standard nano-wire crossbar architecture and a new architechture suggested to mitigate
sneak pathleakage current effects (T. Kumar et al.
2014). The leakage effects include operation delay,
power loss and programming errors.
In this work we quantify the effects of sneak path
current on a PCM based standard crossbar architechure and compare them to the modified architecture of (T. Kumar et al. 2014), in terms of; area
overhead, power dissipation, delay time and reliability by using extensive simulation results and the PCM
model presented by (Nemat H. El-Hassan et al. 2014)

Figure 1 : Leakage currents in a crossbar architechture, the blue line is the current passing
through the targeted cell (shaded), the red line is a
possible leakage current path.
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Abstract: We report on the preparation of aqueous
dispersions of conjugated polymer nanoparticles
based on poly(2-methoxy-5(2’-ethyl) hexoxyphenylenevinylene) (MEH-PPV) by solubilisation of
the polymer in the hydrophobic cores of F-127 micelles. As-prepared MEH-PPV micelles exhibit an
average hydrodynamic diameter of 21 nm. Absorption, and photoluminescence excitation and emission
spectral changes are observed on transfer of the conjugated polymer from a non-aqueous solvent to an
aqueous micellar environment and are attributed to
increased inter-chain interactions due to conjugated
polymer chain collapse during encapsulation in the
hydrophobic micellar cores; see Figure at right.
When prepared in water, the micelles aggregate
significantly over time. However, when prepared in
buffer solution, the micelles exhibit good long-term
collodial stability. When the MEH-PPV micelles are
doped by the addition of controlled amounts of
PCBM, the observed correspondence of photoluminescence emission quenching, quantum yield decreases, and emission lifetime shortening with increasing PCBM concentration indicates efficient
photo-induced donor-to-acceptor charge transfer between MEH-PPV and the fullerenes in the cores of
the micelles. This assignment is confirmed by transient absorption spectroscopic measurements that
demonstrate that the MEH-PPV:PCBM micelles act
as spatially confined donor-acceptor systems capable
of successfully facilitating photo-induced charge
carrier separation.
Also, we report on the preparation of aqueous dispersions of conjugated polymer nanoparticles based on
the low band gap polymers APFO-3 and PCDTBT
using a re-precipitation method in the absence of any
surfactant additives. The resulting nanoparticle suspensions are stable over time, optically clear (not
turbid), and present a characteristic purple colour
associated with light absorption by the conjugated
polymers. Dynamic light scattering measurements
indicate average hydrodynamic diameters for the
nanoparticles of approximately 36 nm (APFO-3) and
42 nm (PCDTBT). While polymer absorption and
photoluminescence excitation spectra vary little on
transfer from solvent solution to nanoparticle dispersion, the photoluminescence emission spectra of the
nanoparticles are found to be significantly red-shifted
and broadened, characteristic of increased inter-chain
interactions due to conjugated polymer chain collapse in water during nanoparticle formation, resulting in the formation of a fraction of red-shifted aggregate species with energetic disorder. Likewise,

CHCl3 Micelles

Figure: Fluorescence excitation and emission spectra
acquired for MEH-PPV polymer chains dissolved in
a good solvent (CHCl3) and dispersed in an aqueous
micellar format.
photoluminescence quantum yields and emission
lifetimes decrease in the nanoparticle format, consistent with increased inter-polymer chain interactions in the nanoparticles providing more pathways
for non-radiative decay of polymer excited states.
Ensemble photobleaching studies indicate that the
particles exhibit excellent photostabilities with nanoparticle death numbers being several orders of magnitude larger than those of typical organic dyes.
Complementary single nanoparticle photoluminescence emission imaging studies highlight the multichromophoric nature of the polymer nanoparticles
and confirm the favourable photostabilities associated with both the APFO-3 and PCDTBT nanoparticles. Finally, when the nanoparticles are doped by
the addition of controlled amounts of PCBM, the
observed correspondence of photoluminescence
emission quenching, quantum yield decreases, and
emission lifetime shortening with increasing PCBM
concentration suggests efficient photo-induced donor-to-acceptor charge transfer between the conjugated polymers and the fullerenes dopants colocalised in the cores of the micelles illustrating the
potential of these novel materials for application in
future nanostructured bulk hetero-junction organic
photovoltaic devices or in photocatalytic systems.
Keywords: nanoparticles, conjugated polymers,
fullerenes, colloidal dispersions, optical spectroscopy, fluorescence, quenching, transient absorption,
electron transfer, photovoltaics, photocatalysis.
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Abstract: The supported gold nanoparticles in the
visible light region exhibit a localized surface plasmon resonance (LSPR), and this defines the collective movement of conduction band electrons which is
stimulated by irradiation of visible light (Garcia,
2012). Among the many factors that influence the
LSPR of the Au NPs supported on TiO2, and consequently its optical spectrum, those with higher relevance for this work are the size and shape of the NPs,
the dielectric function of the surrounding NPs host
and, more importantly, the gold NPs-support interactions.
The response plasmonic of the gold nanoparticles
only has been used to study the metallic gold like the
“ready to use” catalytic system (Zanella et al., 2004),
while disregarding the influence of the activation
process conditions on the final catalytic behavior. On
the contrary, less studied how the nature of the gas
used for thermal treatments can affect the metalsupport interaction.
We study the processes of formation of gold nanoparticles in situ by means diffuse reflectance UV-visible
spectroscopy. This study shown that this formation
process in general is similar when is carried out in
different atmospheres like Ar, N2, H2 and O2, but the
onset temperatures and final position of the plasmon
band depends of the interaction between the atmosphere with the support. Moreover, it is possible attachment the changes in the band gap of the TiO2
with the process of formation of plasmon absorption
band of the gold nanoparticles. Both processes are
coupled, probably mediated by charge transfer (Pacchioni G 2013, and Wang, Y.-G. et al. 2013).

Keywords: gold nanoparticles, resonance plasmon
band, band gap, diffuse reflectance UV-Visible spectroscopy.

Figure 1: Figure illustrating as the changes on the
supports band gap are attachment with the interaction between the gold nanoparticles and the conditions on the thermal treatment, which is by means of
charger transfer process.
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Abstract: Localized surface plasmon polaritons,
which are referred to simply as localized surface
plasmons, are collective free carrier oscillations in
nanoparticles (NPs) that are excited by incident light
waves. At the NP surface, the localized surface
plasmons exhibit enhanced near-field amplitudes,
which are highly localized at the NP surface and
decay rapidly in the dielectric surroundings. A very
important aspect of localized surface plasmons is the
localization of an enhanced electromagnetic field
around the NPs with very high spatial resolution
(subwavelength) as well as the generation of hot
electrons (Teranishi et al., 2011; Yang et al., 2010;
He et al., 2012). Here I present the unique plasmonic
properties of indium tin oxide (ITO) NPs (Kanehara
et al., 2009; Furube et al., 2012) and nonstoichiometric copper sulfide nanodisks (Kanehara et
al., 2012; Chen et al., 2015) in the near IR (NIR)
region by changing the carrier (free electron or hole)
density and structural anisotropy (Figure 1). In
addition, as an example of plasmon-induced hot
electron application, the visible-to-NIR plasmonenhanced catalytic activity of palladium hexagonal
nanoplates for the Suzuki coupling reactions is
presented (Trinh et al., submitted).
Keywords:
localized surface plasmon, carrier
density, electromagnetic field, hot electron injection,
indium tin oxide, copper sulfide, palladium
hexagonal nanoplate.
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Figure 1: Change in localized surface plasmon
resonance peak by aligning the Cu7S4 nanodisks in
one dimension in CHCl3
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Abstract: Two dimensional layered semiconductors,
and in particular transition metal dichalcogenides
such as molybdenum disulfide (MoS2), have recently
received increasing attention due to the combination
of their unique electronic properties with their atomically thin geometry. Contrary to graphene, MoS2 has
a finite band gap of 1.2-1.9 eV (depending on the
number of layers), thus complying with the requirements of digital electronic applications. To maximize
the potential of MoS2 as channel material in field
effect transistors, it must be associated with an efficient gate dielectric.
Beside the mainstream CMOS technology, other
fields such as large-area and/or printable electronics,
sensors and display technologies could also benefit
from the combination of 2D materials and new dielectrics, especially if these dielectrics present additional advantages in terms of mechanical flexibility,
low temperature processes, conformability to structured substrates, cost and simplicity of equipment and
processes, etc. In this respect, the development of
robust organic nano-dielectrics and their combination with new semiconductors represent a high potential route.
In this context, we developed new dielectrics based
on electrografted organic thin films on metallic electrodes. These dielectrics are produced at room temperature and under mild conditions. The process
yields uniform films of nanometer thickness (4-8 nm
range). In this work [1], we demonstrated the first
transistors combining MoS2 as channel material and
an electrografted organic ultrathin film as gate dielectric. The transistors exhibit high ION/IOFF ratio together with steep subthreshold slope as low as 110
mV/decade (Figure 1). Besides, the transfer characteristics of these transistors have no-hysteresis due to
the hydrophobic and trap-free nature of our electrografted dielectric. The transistors reported in [1] were
fabricated on rigid substrates and using mechanically
exfoliated MoS2. Their potential in large scale (based
on CVD MoS2) and flexible electronics will be discussed on the basis of our latest results.

Figure 1: On top: Schematic representation and SEM
image (scale bar = 500 nm) of a MoS2 FET with an
electrografted local-gate electrode. At the bottom:
Transfer characteristic ID(VLG) measured at VDS =
0.5 V and VGG = 40 V of a MoS2 FET with an organic dielectric thickness of 4 nm.
References:
[1] H. Casademont, L. Fillaud, X. Lefèvre, B. Jousselme, V. Derycke, submitted.
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Nanoscale Magnetic Materials and Magnetic Nanodots for
Spintronic Applications
Santanu Ghosh
Nanostech Laboratory, Indian Institute of Technology Delhi, New Delhi-16, India

Abstract: After the discovery of electron in 1911 by
Robert Milikan in his famous ‘Oil drop experiment’,
a new technology named ‘Electronics’ has changed
the face of human civilisation. It will not be an exaggeration if the science and technology of the last century is named as an ‘Era of electronics’. Starting with
simple battery, galvanometer, vacuum diodes etc.,
now in almost all devices, equipments and home appliances, we have semiconductor based integrated
electronic circuits. The saga continues till today. The
entire electronics is based on a small physical quantity named as ‘charge’ of electron and its motion. The
electron has another degree of freedom named as
‘spin’, which is basically an intrinsic angular momentum of an elementary particle. Although this physical
entity was also discovered in early 20th century by
Davisson and Germer, and theoretically interpreted
by P. A. M. Dirac, we had to wait till 1986 to manipulate this in the motion of electron. This was possible
because of a constant endeavour of materials scientists to grow low dimensional materials, down to few
nm metallic multilayers. A concept of spin based
electronics or ‘Spintronics’ has started with the discovery of giant magnetoresistance (GMR) by A. Fert
and P. Grünberg in 1987. Since that, the scientist and
technologists have realized this concept in various
spin based devices, like ‘spin valve’, ‘spin FET’,
‘magnetic RAM’, GMR based data storage etc.
With the above introduction, and after depicting a
short road map of spintronics, the following materials
aspects, essential for spintronics will be addressed in
this talk.
(A) Microstructure controlled RT-FM in Ni-ZnO
films: Search for room temperature ferromagnetism
(RT-FM) in wide band gap semiconductors has
emerged as an important area of research from fundamental physics and possible applications in future
spintronic devices. Room temperature ferromagnetism is observed in 200keV Ni+2 ions implanted
with ﬂuences of 6  1015 (2 % Ni) 8  1015 (3% Ni)
and 2  1016 ions/cm2 (7% Ni) on ZnO films grown
on Si (100) substrate by vapour phase transport process. Experiments on this material indicate that exchange interaction between the charge carriers generated due to thermal effects of ion implantation

Figure 1: Extraordinary Hall effect of Ni nanoparticles embedded in thin silica matrix for highly sensitive magnetic field sensor
and the localized spins of Ni is considered as main
reason behind RT-FM.
(B) Extra ordinary Hall effect (EHE) and tunnelling magnetoresistance (TMR) in nanogranular
films: Magnetic metal nanoparticles (NPs) embedded
in dielectric media is another important material to
realize spin dynamics in a controlled manner. Size,
shape, uniformity of NPs is the key issues in designing devices based on these materials. In this talk, a
large hall coefficient based on anomalous Hall effect
in Ni NPs embedded in thin SiO2 matrix will presented. This will be followed by tunnelling magnetoresistance effect and role of Coulomb blockade in FeCo
nanoparticles in thin SiO2 matrix. Tailoring of nanoparticles shape by ion irradiation and a novel observation on electron emission from NPs will be discussed at the end.
Keywords: (i) Magnetic semiconductor, (ii) Exchange interaction, (iii) Microstructure, (iv) Transparent ferromagnetism, (v) Extra ordinary Hall effect,
(vi) Tunneling magnetoresistance.
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Polymer-Based Nanowires and Nanotubes: nanosources,
wave-guiding
J.L. Duvail,1,* A. Garreau,1 J. Bigeon,2 N. Huby,2 B. Bêche,2 F. Massuyeau,1 A. Désert,1 S. Cordier,3
Y. Molard,3 E. Faulques1
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Abstract: One-dimensional polymer-based nanostructures such as nanowires (NWs) and nanotubes
(NTs) are nowadays intensively investigated since
they promote enhanced properties, as well as new
paradigms for electronic, optical, optoelectronic, and
photonic devices (Garreau et al., 2014).
Here, we propose a review of recent developments
achieved in our group with collaborations on polymer-based nanowires and nanotubes. Various polymer-based NWs and NTs were synthesized by template strategies with advanced architectures designed
for improving their functionality (waveguiding, color
control of photoluminescence, photoconductivity and
mechanical reinforcement,…). Both conjugated
polymers (CPs) and photoresists containing photoactive species (transition metal compound clusters,
single-walled-carbon nanotubes SWCNTs) were involved. The focus is made on the emerging strategies
for understanding and controlling the behavior of
charges, excitons and photons, as well as light propagation in sub-wavelength nanostructures.
First, an original design was realized to control accurately the color of photoluminescence in organic nanostructures (Garreau et al., 2013). It consists in
minimizing the role of charge and energy transfer
mechanisms between two types of luminophores.
This was achieved by an optimized spatial separation
at the nanoscale with nanowires in a coaxial geometry: a green polymeric emitter shell (poly-paraphenylene-vinylene PPV) and a red phosphorescent
emitter core ([Mo6Br8F6]2- clusters@poly(methyl
methacrylate) PMMA). In addition, the choice of
luminophores was motivated to get a spectral separation, i.e. distinct color of PL emission, as well as no
overlapping of their absorption and emission spectral
range. Thus, it is possible to anticipate and to control
simply the color of the emitted light on the chromaticity diagram as an interpolation of the CIE coordinates of each luminophore. This design make possible to reach a very sharp color change within 10 nm
scale. Additionally, unique proportion equal typically
to 1:1 for the green and red luminophores are required.

ist used for integrated photonics. Nanotubes have
been rarely investigated as waveguides. However, it
is a very promising geometry for highly integrated
photonic devices, as shown by theoretical simulation
by finite domain time-dependent (FDTD) method
(Bigeon et al., 2014). The features of direct light
injection and subwavelength propagation regime
within nanotubes were determined. The injection into
nanotubes of SU8 was successfully achieved by using
polymer microlensed fibers with sub-micronic radius
of curvature. The propagation losses into single SU8
nanotube were determined. The attenuation coefficient has been evaluated at 1.25 dB/mm by a cutback method transposed to such nanostructures. The
mechanisms responsible for losses in nanotubes were
identified in view of FDTD theoretical support.
These recent advances in polymeric based NWs and
NTs contribute to open new ways for the next generation of optoelectronic and photonic integrated devices.

Keywords: Nanowires, Nanotubes, Polymer, Nanooptoelectronics, Nanophotonics.
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Second, we report light injection and sub-wavelength
propagation in nanotubes made of SU-8, a photores-

90

3D Simulation of DG-FinFET transistor with different
channel materials and gate dielectrics
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Abstract:
This work investigates two different structures of
double gate n-FinFET in 3-D with 8 nm gate length
using SiGe and 3C-SiC in the channel region, respectively. In this work, the numerical simulation tool
Atlas Silvaco was used to extract novel results concerning the electrical characteristics of the device.
The influence of the gate work function and the gate
dielectric on threshold voltage, subthreshold slope,
transconductance, DIBL, leakage current, on current,
and On/Off current ratio has been investigated. This
study has been performed for four different gate dielectrics which are SiO2, Si3N4, Al2O3, and ZrO2. We
observed that the best results are obtained when ZrO2
is used as a gate oxide material.
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This figure illustrates the schematic structure used for
our simulation. The FinFET technology is characterized by vertical silicon fins, fin length (Lg), fin height
(HFIN), and the silicon thickness (WFIN) as shown in
the figure. This study will also permit us to discuss
about new multi-gate transistors (MuGFET) which
enhance the performances of advanced microprocessors such as Intel Core new generation technology.
Keywords: Device scaling, Double gate MOSFET,
FinFETs, High-k dielectric materials, 3C-SiC, Gate
work function, Leakage current, Silvaco Software.
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Key Variable Components for Enhancing Charge Transfer
at PbS Quantum Dots/Porphyrin Interfaces: From Quantum
Confinement to Electrostatic Interaction
A. O. El-Ballouli, E. Alarousu, O. M. Bakr and O. F. Mohammed
Solar and Photovoltaics Engineering Research Center, Division of Physical Sciences and Engineering, King Abdullah University of Science and Technology (KAUST), Thuwal, Kingdom of Saudi Arabia

Abstract: Quantum dot (QD) solar cells have emerged
as a promising low-cost alternative to existing photovoltaic technologies (Pan et al., 2013; Kamat et al., 2013).
Accordingly, understanding the interfacial charge
transfer dynamics at different QD/electron-transporting
material systems is necessary to optimize the solar cell
performance by ensuring fast injection and separation
processes, along with a long-lived charge separation
state. Very recently, we have shown that only small-sized
PbS QDs with a bandgap (Eg) > 1 eV can efficiently
transfer electrons to phenyl-C61-butyric acid methyl ester
(PCBM) upon light absorption; as inferred from the
ultrafast formation of the anionic species of PCBM (ElBallouli et al., 2014). Nevertheless, it remains essential
also to utilize larger-sized QDs efficiently for engineering multi-junction cells with broader energy harvesting
capabilities; which cannot be achieved using PCBM as
an electron accepting component. In this case, searching
for an alternative electron accepting unit is crucial to
harvest the light by large-sized PbS QDs. Here, we
investigate the charge transfer and separation at PbS
QDs/porphyrin interfaces using a combination of femtoand nanosecond broadband transient absorption (TA)
spectroscopy and steady-state photoluminescence
quenching measurements. Our results demonstrate that
the ultrafast interfacial charge transfer between PbS QDs
and porphyrin can be tuned by quantum confinement due
to driving force variations, while maintaining the whole
QD size range (Eg = 1.45-0.83 eV) effective for the
electron transfer. Additionally, the charge transfer is
tunable by the interfacial electrostatic interaction
between the positively charged meso unit of porphyrin
and negatively charged ligands capping the QDs. The
work presented here will provide new key components to
control the charge transfer processes at QD interfaces,
and will thus advance both the design and the understanding of QD interfaces for solar energy technology
and for other potential applications that principally rely
on the interfacial dynamics such as light-emitting diodes
and photocatalysis.
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Abstract: Semiconductor PbS and PbS/CdS coreshell quantum dots (QDs) have attracted a great attention due strong absorbance in the visible and
emission in the near Infrared (NIR) region, mostly
between 700-1600 nm. These optical properties make
them a good candidate for applications such as luminescent tagging, sensors, photovoltaics and bioimaging. Detectors used for the luminescence measurement or signal detection are actually important in
terms of the sensitivity range, availability and cost.
Relatively cheap and widely available silicon detectors work quite well up until 1100 nm. But, small
size PbS QDs with emission below 1100 nm are
scarce and are suffer from quenching. We successfully synthesized PbS QDs emitting below 1100 nm by
using both lead oxide-thioacetamide and lead chloride-elemental sulfur precursor pairs with modifications to the most widely used Hines-Scholes (Hines
et al.; 2006) and Cademartiri (Cademartiri et al.;
2006) methods.
In order to enhance the luminescence stability, we
have grown a CdS shell around these small PbS
crystals. Cation-exchange at room temperature was
performed followed by annealing at higher temperatures for the formation of CdS shell and improvement of luminesence stability and intensity. CdS
shell growth increased the luminescence intensity,
stability over-time by reducing non-radiative events
and reducing the surface defects. Moreover, blue
shift in the emission maxima is observed with CdS
deposition of the PbS which fits the emission to the
sensitive range of Si-detectors.
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Figure 1: Emission spectrum of Different PbS/CdS quantum dots
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We will discuss the influence of variables source of
the PbS on the particle properties of PbS/CdS nanoparticles.
Keywords: NIR emission, lead sulfide, leadsulfide/cadmiumsulfide core-shell ,quantum dot, shell
growth
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PANI deposited carbon cloth as binder-free electrode for
symmetric supercapacitor application
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National University of Science and Technology “MISIS”, Moscow 119049, Russia

Abstract: In view of the current energy scenario and
pursuit of alternative energy sources, supercapacitors
(SCs) with excellent power density and superior cycling durability has positioned itself as the smartest
choice for clean and efficient back up power sources
and energy storage devices. The electrode material is
one of the key components of a SC and to a large
extent determines a SC’s performance. Recently, in
many reports, using nano-sized PANI with different
microstructure deposited on carbon cloth a high value
of gravimetric capacitance (F g-1) with good cycle life
has been reported (He et al.; 2013, and Bian et al.;
2012). In most of these cases, electrodes with low
amounts PANI loading achieve very high gravimetric
capacitance values with poor area-normalized capacitance values. But for real applications, achieving high
gravimetric as well as area-normalized capacitance
values is most crucial for their commercial success.
In this study, nano-structured PANI containing composite electrode based on Busofit T-040 carbon cloth
(CC) with high specific surface area (900 m2 g-1)
have been developed for symmetric supercapacitor
devices by cost effective one step chemical polymerization of aniline. The carbon cloth consist of individual fibers of 7-8 μm diameter which are sufficiently
tightly packed with random orientation (Fig. 1a).
Such porous structure of carbon cloth is expected to
facilitate the diffusion of electrolyte into the electrode material as well as to provide more channels for
rapid ion transport. PANI uniformly deposited on the
carbon surface as an individual granules whose diameter is about 30-50 nm (Fig. 1b).
The capacitive performance of CC as well as
PANI/CC were characterized by the cyclic voltammetry (CV) and the galvanostatic charge-discharge in
two-electrode configuration. PANI/CC demonstrates
good electrochemical performance over carbon cloth
in terms of weight-normalized and area-normalized

specific capacitance. The weight-normalized and
area-normalized specific capacitances for PANI/CC
are 222 F g-1 and 6.66 F cm-2 respectively. Where as
for CC these values are 120 F g-1 and 3.14 F cm-2.
The technological simplicity, easy to scale up and
electrochemical performance of the PANI/CC
demonstrate the significance of this work for industrial application.
References:
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Figure 1: SEM images of CC (a) PANI/CC (b)
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High performance photoconductive device for UV region fabricated using graphene- n-GaN nanowire hybrid structure on Si
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Abstract: This study demonstrates high performance photoconductive device to be operated in ultraviolet (UV) region consisting of graphene-n-GaN
nanowire (NW) hybrid structure grown on silicon
substrate with metal organic chemical vapor deposition (MOCVD) process. Raman spectroscopy and
high-resolution transmission electron microscopy
(HR-TEM) images confirmed the presence of monolayer graphene in the hybrid structure (Chu et al.,
2014). The graphene layer was not damaged after it
was integrated with n-GaN NWs. The graphene layer had not only influenced the growth of defect-free,
highly dense GaN NWs but also improved its material and crystalline qualities as confirmed from photoluminescence and X-ray diffraction (XRD) analyses. As a result, the graphene-n-GaN NWs hybrid
structure under study represented a superior photoconductive channel with trap density much less than
that of previously reported graphene-based photoconductive channels (Lee et al., 2012). There was
noticeable improvement in the photocurrent and
photoresponsivity of the hybrid structure. Moreover,
growth of the hybrid structure directly on silicon
substrate and growth of n-GaN NWs without using
metal-catalyst or droplet seeds added special importance to this study. Such simple, cost-effective
and efficient photoconductive device involving graphene-n-GaN NW hybrid structure and utilizing the
excellent electrical properties of graphene is undoubtedly a new proposal for GaN-based optoelectronics industry.
Keywords: GaN nanowires, graphene, photocurrent,
photoresponsivity, ultraviolet photoconductive devices, metal organic chemical vapor deposition.

Figure 1: Field emission scanning electron microscopy (FE-SEM) image of graphene-n-GaN NW hybrid structure. FE-SEM image shows highly dense
n-GaN NWs. Inset shows Raman spectroscopy of
the underlying graphene layer.
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Transparent and flexible electrodes based on metallic
nanowire networks:
New nanomaterials and operating stability.
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Abstract: Transparent conductive thin films are
widely used in technologies like solar cells, lightemitting diodes, and display technologies. The
fabrication of transparent conductive films is
currently realized with thin films of transparent
conductive oxides (TCOs), and in particular
indium tin oxide (ITO). The as-made ITO
transparent conductors suffer from limitations
like costly fabrication process and brittleness.
The use of solution-processable nanomaterials,
and especially metallic nanowires, appears as a
promising alternative since it affords a large
random two dimensional nanowire area, low-cost
deposition method with high performances [1].
Among metals, silver is the more mature process,
copper has merely the same properties, with
another advantage, price and abundance of its.
Thanks to polyol (or hydrothermal for copper)
process, metallic nanowire are synthesized in our
laboratory, silver nanowire have a mean length
of 10µm and a mean diameter of 60nm and
copper nanowire a mean length of 128 µm and a
mean diameter of 166nm (Figure 1) [2].Their
dimension confers them a high aspect ratio and
dispersed randomly in a substrate, threshold of
percolation can be reached. Dispersed nanowires
lead to a transparent and flexible electrode. Many
printing techniques are available to make those
electrodes in order to integrate into devices such
as thermal film heater, thermochromics display
or touch sensor [3] [4]. Thanks to the use of
spray coating, flexible electrodes have excellent
performance (i.e. R□<20Ω/□ at T>90%), and
moreover infrared go also through the electrode
[1].

Figure 1: SEM pictures of silver nanowire
networks for transparent flexible electrode.
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The study will be focused on stability of
electrode under various stresses (electrical,
environmental). Results are very promising
because after three years, electrodes are stable
under ambient air. More details will be given on
the stability of those electrodes in operating
conditions and their reaction at different stresses.
Part of the study will also deal with other
nanomaterials, synthesis, their performance and
their stability under different environments.
Keywords: Organic, flexible and printed
electronics / metallic nanowire/ transparent
electrode
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On Low Temperature Photoluminescence of Zinc-blende
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Abstract: Optical studies are carried out on chemically prepared (Lin et al., 2006) zinc-blende CdS and
core-shell Au-CdS nanocrystals (NCs) using low
temperature photoluminescence (PL) spectroscopy.
Contrary to the reported literature primarily discussing defect related emission in CdS, the enhancement
in band edge photoluminescence intensity by 1.5
times is observed in Au-CdS core-shell NCs compared to bare CdS. Low temperature photoluminescence spectroscopic measurements reveal splitting of
band edge luminescence into very sharp and narrow
lines (Figure 1). PL features, as expected, clearly
reveal red-shift with an increase in the temperature.
Measured energy values of narrow lines fit well with
the empirical Varshni equation (Hoang et al., 2006)
revealing bulk like temperature dependence of the
band gap and an intrinsic nature of CdS. The feature
located at 2.96 eV (Fx), and having the highest intensity is attributed to the near band edge emission or
free exciton. The feature 2.91 eV (difference of 50
meV) is due to optical phonon replica (Fx-LO) of
free exciton while the one at 2.86 eV (difference of
100 meV) is Fx-2LO replica. Feature A (3.02 eV)
represents the emission from second excited state
(1P3/2-1pe) of CdS while B (3.10 eV) is the emission
from third excited state (1S1/2-1se) (Kim et al., 2013).
Shell of zinc-blende CdS on cubic Au NCs was
formed. Core-shell Au-CdS NCs are studied with the
aid of low temperature PL measurements. Emission
from second (1P3/2-1pe) and third (1S1/2-1se) excited
state remains unaffected, while phonon replicas are
perturbed in Au-CdS NCs due to change in lattice
parameter along with electron-phonon interaction.

Keywords: Zinc-blende CdS nanocrystals, Au-CdS
core shell nanocrystals, chemical method, low temperature photoluminescence, splitting of band edge
emission, Varshni equation, optical phonons.

Figure 1: Room and low temperature (10 K) phototluminescnec spectra of CdS nanocrystals. Inset
shows temperature dependence PL emission peaks of
CdS QDs. Solid squares indicates experimental data
while curve indicates calculated result using Varshni
equation.
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