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Combined	experimentation	and	simulation	on	
mechanical	failure	of	metal/ceramic	interfacial	regions

X. Zhang1, B. Zhang1, Y. Mu1, S. Shao1, C.D. Wick2, B.R. Ramanchandran2, W.J. Meng1,*

1 Louisiana State University, Baton Rouge, Louisiana 70803, U.S.A. 
2 Louisiana Tech University, Ruston, Louisiana 71272, U.S.A. 

Abstract: 
We present new experimentation and model-
ing/simulation results on mechanical integrity of 
metal/ceramic interfacial regions.  This study is 
relevant to Nanotech France 2017 Conference 
Topics of Advanced Nanomaterials - Nanostruc-
tured coatings, Surfaces and Membranes and 
Nanomaterials Fabrication, Characterization 
and Tools - Nanoscale Materials Characteriza-
tion 
Shear failure of the interfacial regions of two 
ceramic coating / metal adhesion layer / sub-
strate systems, CrN/Cu/Si and CrN/Ti/Si, was 
measured quantitatively and observed directly 
through in-situ microscale compression of cy-
lindrical micro-pillars with concurrent electron 
microscopy observations.  Results indicate, for 
the first time to our knowledge, that shear fail-
ure of the interfacial region occurs in two stag-
es: an initial shear deformation of the entire 
metal interlayer followed by an unstable dynam-
ic shear failure close to one metal/ceramic inter-
face.  The experimentally observed dynamic 
shear failure is suggested to be concomitant with 
the metal/ceramic interface going from being 
“locked”, with no relative displacement between 
materials on the two sides of the interface, to 
being “unlocked”, with significant relative dis-
placements.  Density functional theory (DFT) 
and molecular dynamics (MD) studies on a re-
lated, Ti/TiN metal / ceramic interface provided 
further insights into this behavior.  It was 
shown, for the first time to our knowledge, that 
a weak interaction plane exists in the metal layer 
near the chemical interface in a coherent Ti/TiN 
structure.  Consequently, the free energy as well 
as the theoretical shear strength of the semi-
coherent Ti/TiN interface is found to depend on 
the physical location of the misfit dislocation 
network (MDN).  The minimum energy and 
strength of the interface occur when the MDN is 
near, but not at the chemical interface.  The 
movement of this dislocation network as a criti-
cal stress level is reached provides a likely phys-
ical mechanism through which the unstable in-
terfacial dynamic shear failure is achieved.  The 
present results point to means of effective inter-
face engineering in the future. 

Keywords: Mechanical integrity of met-
al/ceramic interfaces, in-situ microscale me-
chanical testing, coating/substrate interfaces, 
density functional theory, molecular dynamics, 
dislocation mediated interfacial failure. 

The figure above illustrates the scope of our 
combined experimentation and simulation stud-
ies on the mechanical integrity of metal/ceramic 
interfacial regions under shear loading.  In-situ 
microscale mechanical testing reveals the two-
stage interfacial shear failure.  Combining DFT 
calculations with MD simulations, the energet-
ics of coherent metal/ceramic interfaces in ten-
sion and shear are related to the shear response 
of MDNs at different physical locations relative 
to the metal/ceramic chemical interface.  The 
movement of the MDN at a critical shear stress 
provides a physical mechanism for the experi-
mentally observed unstable dynamic shear fail-
ure. 
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Abstract: 
The variational calculus is employed to deter-
mine the folding behaviour of a single graphene 
sheet. Both elastic and van der Waals energies 
are taken into account, and from these consider-
ations the shape of the curve is determined. By 
prescribing that the separation distance between 
the folded graphene in the parallel region is 
3.32 ̊A, an arbitrary constant β arising by inte-
grating the Euler- Lagrange equation is deter-
mined. Furthermore, the full parametric repre-
sentations for the folding conformation is de-
rived, so that the folded graphene may be de-
picted graphically. Using typical values of the 
bending rigidity in the range of 0.800 - 1.60 eV, 
the shortest stable folded graphene sheets are 
required to be at least 6.5 - 10 nm in length for 
the folded conformation.  

Keywords:  grapheme folding;  elasticity; varia-
tional calculus; Euler-Lagrange equations; 
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Static	Multiple	Light	Scattering	as	a	tool	to	monitor	size	evolution	
of	nanoparticles	during	wet	milling,	comparison	with	laser	dif-

fraction	and	DLS
C. Tisserand, G. Brambilla, P. Bru, G. Meunier

Formulaction, 3-5 Rue Paule Raymondis, 31200 Toulouse, France 

Abstract: 
Nano suspensions or emulsions are widely used 
in the industry but their real dispersion state re-
mains unknown or not well characterized in 
their native and concentrated form. Indeed, it is 
well known that aggregation and agglomeration 
may exist in concentrated regime. 
A technique of Static Multiple Light Scattering 
(SMLS) is proposed to measure mean particles 
size in a large range of concentration between 
0.0001 and 95%, for sizes between 10 nm and 
100 µm by Turbiscan LAB technology. Tur-
biscan consists in sending a light source 
(880nm) and acquiring backscattered and trans-
mitted signal. The signal intensity enables to 
measure directly the mean spherical equivalent 
diameter (d),  knowing refractive index of con-
tinuous ( and dispersed phase and the par-
ticles concentration ( ) according to the Mie 
theory:  

with BS for Backscattering Intensity and T for 
Transmission Intensity.  

This technique has the advantage to measure in 
one click, without sample preparation or dilu-
tion, the mean particles size and so the dispersi-
bility efficiency particularly for concentrated 
suspensions. Other optical techniques such as 
DLS, PTA or laser diffraction can perform this 
measurement but only at a very high dilution 
which denatures the agglomerates and give an 
erroneous size of the native particles.  
In this work, we present a complete study of 
size measurement of silica particles exposed to 
wet milling and going from micro to nanome-
ters. This size is measured with SMLS and 
compared with DLS and Laser Diffraction. 
We propose also to present comparison of 
SMLS with SEM/TEM microscopy size meas-
urement.  

Keywords: SMLS, silica particles, nanoparti-
cles, DLS, laser diffraction, static multiple light 
scattering, aggregation, dispersibility, mean size 

Figure 1: Principle of measurement of Tur-
biscan® 
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Measurement	and	modeling	of	the	effective	thermal		
conductivity	of	sintered	silver	pastes	
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Abstract: 
Thermal interface materials, such as thermal 
pastes, are critical for optimizing the thermal 
contacts between two surfaces and improving 
the heat dissipation across them. In this work, 
the effective thermal conductivity of sintered 
porous pastes of silver is modeled through two 
theoretical methods and measured by means of 
three experimental techniques. The first model 
is based on the differential effective medium 
theory and provides a simple analytical descrip-
tion considering the air pores like ellipsoidal 
voids of different sizes, while the second one 
arises from the analysis of the scanning-
electron-microscope images of the paste cross-
sections through the finite element method. The 
predictions of both approaches are consistent 
with each other and show that the reduction of 
the thermal conductivity of porous pastes can be 
minimized with spherical pores and maximized 
with pancake-shaped ones, which are the most 
efficient to block the thermal conducting path-
ways. A thermal conductivity of 151.6 W/m K 
is numerically determined for a sintered silver 
sample with 22% of porosity. This thermal con-
ductivity agrees quite well with the one meas-
ured by LaTIMA for a suspended sample and 
matches, within an experimental uncertainty 
smaller than 16%, with the values obtained by 
means of Raman thermometry and the 3w tech-
nique, for two samples buried in a silicon chip. 
The consistence between our theoretical and 
experimental results demonstrates the good pre-
dictive performance of our theoretical models to 
describe the thermal behavior of porous thermal 
interface materials and to guide their engineer-
ing with a desired thermal conductivity.  

Keywords: Thermal conductivity, sintered sil-
ver pastes, Raman thermometry, 3w technique, 
effective medium theory, finite element method. 

 

 
Figure 1: (a) Scheme of a porous paste made 
up of ellipsoidal pores of arbitrary size embed-
ded in a matrix of thermal conductivity km, and  
(b) its normalized thermal conductivity as a 
function of porosity. 
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Effect	of	specific	ions	on	the	surface	charge	of	silica	
nanoparticles	and	ion	behaviour	in	silica	gels	
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Abstract: 
Use of silica nanoparticles as grouting material 
is an emerging environmentally friendly 
nanotechnology in tunnel construction. Low 
viscosity of silica nanoparticles suspension 
allows for the penetration of narrow fractures 
which cannot be grouted by cement. Use of 
silica nanoparticles as grouting material is 
based on the formation of gel. Usually gelling 
is induced by adding salt such as NaCl or KCl 
termed as an accelerator salt, see figure 1. It is 
well documented in literature that gel time of 
silica is highly salt specific and follows the 
direct Hofmeister series i.e.,, 
Li<Na<K<Rb<Cs [1]. This can be rationalized 
by the affinity of counterions to the silica 
surface and hence the effectivity in screening 
the electrostatic forces between negatively 
charged silica particles. 
There are some key issues such as long term 
stability and gel strength development, which 
need to be investigated before silica can find a 
wide spread use as grouting material. In this 
project, we are investigating the long term 
stability of silica by studying the aggregation, 
gelling of silica nanoparticles in different 
monovalent salts and by executing a long time 
leaching testes of silica gels formed by 
different accelerators and by varying the ionic 
composition of water and pH. 
Results of potentiometric titrations clearly 
demonstrate the ion specific effects. It has 
been found that surface charge of silica 
nanoparticles increases in the presence of KCl 
compared with NaCl and LiCl as well as at 
high salt concentration. The stronger affinity 
of K+ for silica surface enhanced the screening 
of charged sites and hence deprotonation 
increases. The strong affinity of K+ for silica 
was also exhibited in the long time leaching 
tests which showed that leaching of K+ 
compared to Na+ was much lower. More 
results, especially with regard to ion effect on 
aggregation behaviour of the particles, will be 
presented for this ongoing research project. 

Keywords: silica nanoparticles, silica sols, 
grouting, specific ion effect, acid-base 
titration, surface charge 
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Figure 1: Gel formed from silica sol upon 
introduction of salt accelerator. 



Rational	Design	of	Mesoporous	Silica	Nanoparticles	for	Robust	
Immobilization	of	Lipase	 
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Abstract: 
In recent years, the utilization of lipase (triacyl-
glycerol ester hydrolases, EC 3.1.1.3) has 
gained important industrial applications, e.g., in 
pharmaceutical synthesis, food processing and 
biofuel production.[1] To overcome the limita-
tions of native lipase including its proclivity to 
denaturation and the difficulty in recycling, im-
mobilization of lipase including physical ad-
sorption and chemical attachment approaches 
has been developed.[2] Even with promising 
achievements in the field of lipase immobiliza-
tion, it remains an ongoing challenge to develop 
a simple approach with high loading, activity 
and stability.  
Herein, hydrophobically modified mesoporous 
silica nanoparticles (MSN) with a high octade-
cylalkyl content of 19 wt% and adjustable pore 
sizes (1.6-13 nm) have been synthesized via a 
facile co-condensation approach. It is demon-
strated that both the increased hydrophobic con-
tent and a tailored pore size (~ 5 nm) slightly 
larger than the size of enzyme are responsible 
for hyper-activation of immobilized lipase (Fig-
ure 1). The optimized C18-MSN exhibits a load-
ing capacity of 711 mg g-1 with a specific activi-
ty 5.23 times than that of free enzyme with > 
93% of initial activity retained after 5 times’ 
reuse, which is better than the best performance 
reported to date.[3] Our findings have paved the 
way towards robust immobilization of lipase for 
biocatalytic applications.[4]   

Keywords: silica, hydrophobic, lipase immobi-
lization, hyperactivation, pore size. 

 
Figure 1: Schematic of the lid opening for li-
pase. For native lipase (a), the active site is par-
tially covered by the lid. C-18MSNs (b) create a 
hydrophobic interface, causing the lid opening 
of immobilized lipase, a more accessible active 
site, and improved enzymatic activity to convert 
the substrate to the product. Objects are not 
drawn to scale. 
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The	role	of	substrate	rotation	for	growing	metallic	
nanostructures	prepared	by	glancing	angle	deposition 
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Abstract: 
Glancing angle deposition (GLAD) represents 
a powerful technique for sculpturing versatile 
nanostructure morphologies. Sensing, optics, 
energy and catalysis as well as biomedicine 
[1] are some of numerous potential application 
areas for such nanostructured films. As a 
matter of fact, the growth mechanisms of 
especially metallic nanostructures prepared by 
GLAD are only fragmentarily understood yet. 
Nevertheless, it is important to learn about 
these growth mechanisms in detail, because 
sub-nm scale morphology determines the 
properties of such nanostructured films 
significantly. 
Here, Al, Ti, Cr and Mo are the selected 
metals because a wide range of melting points 
is covered (Al: 660 °C, Mo: 2617 °C). The 
metals are evaporated by an electron beam and 
deposited on flat Si(100) substrates at room 
temperature. The resulting films are 
investigated by scanning electron microscopy 
(SEM) and x-ray diffraction (XRD) 
measurements.   
In a common physical vapor deposition 
process, the angle θ between incoming particle 
flux and substrate normal is fixed to 0°, so 
there is no angular dependence. However, 
modifying the angle θ plays a major role if the 
nanostructure morphology is to be influenced. 
When the substrate is tilted to an oblique angle 
of incidence 70° < θ < 90°, a highly porous 
film consisting of separated tilted columns is 
created. This is called oblique angle deposition 
(OAD), whereas GLAD is characterized by 
the combination of an oblique angle of 
incidence θ and simultaneous substrate   
rotation. As the substrate rotates continuously, 
the apparent direction of the incoming 
particles is altered, which forces the columns 
to change their growth direction. Thus, 
varying the substrate rotation frequency allows 
the growth of spirals, screws and upright 
columns. On top of that, stepwise rotation is 
also possible. For example, zigzag structures 
can be created by first growing tilted columns, 
then rotating rapidly to 180° and again 
growing tilted columns etc. 
It is observed that both the continuously and 
stepwise rotated nanostructures grow more 

slowly in height compared to the not rotated 
nanostructures (Figure 1). A detailed study of 
rotated and not rotated nanostructures allows 
to identify how general growth mechanisms, 
such as nucleation process, self-shadowing 
and competitive growth, influence the 
morphology of the resulting film. Besides, 
XRD measurements reveal that the grown 
nanostructures are indeed crystalline, which 
brings further important growth factors such as 
crystalline structure and preferred growth 
orientation in focus of the presentation. 

 
Figure 1: SEM images of not rotated (left) and 
rotated (right) Mo columns grown by 
evaporative glancing angle deposition on flat 
Si(100) substrates at room temperature.  

Keywords: Glancing angle deposition, 
metallic nanostructures, scanning electron 
microscopy, x-ray diffraction, surface 
diffusion, self-organization  
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Abstract:  
Premixed flame nanoparticles synthesis is 
emerging a promising method for large 
scale production of nanoparticle. This 
paper presents the work undertaken to 
investigate and establish the effects of 
precursor loading factors on the 
morphology of nanoparticles synthesized 
using premixed flame burner technique. 
Initially, a brief review of studies on the 
effect of precursor loading on flames 
based synthesis of nanoparticles was under 
taken and presented. Experimental 
methodology of precursor loading in the 
new premixed flame nanoparticle 
synthesis system and used in the present 
work is presented. Next, the effects of 
precursor factors of precursor temperature 
and feed rate of Titanium isopropylate 
(TTIP) was under taken and presented. 
The synthesis of titanium oxide (TiO2) 
nanoparticles were collected and analyzed 
by Scanning Transmission Electron 
Microscope (STEM). The effects of 
precursor factors on the size and 
morphology of end particles have been 
presented and discussed. 



Realization	of	Large-Area	Wrinkle-Free	Monolayer	Graphene	
Films	Transferred	to	Functional	Substrates 

 
Byeong-Ju Park1, Soon-Gil Yoon1 
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Abstract: 
A Structural inhomogeneities, such as the wrin-
kles and ripples within a graphene film after 
transferring the free-standing graphene layer to 
a functional substrate, degrade the physical and 
electrical properties of the corresponding elec-
tronic devices. Here, we introduced titanium as 
a superior adhesion layer for fabricating wrin-
kle-free graphene films that is highly applicable 
to flexible and transparent electronic devices. 
The Ti layer does not influence the electronic 
performance of the functional substrates. Exper-
imental and theoretical investigations confirm 
that the strong chemical interactions between Ti 
and any oxygen atoms unintentionally intro-
duced on/within the graphene are responsible 
for forming the clean, defect-free graphene lay-
er. Our results accelerate the practical applica-
tion of graphene-related electronic devices with 
enhanced functionality. The large-area mono-
layer graphenes were prepared by a simple at-
tachment of the Ti layer with the multi-layer 
wrinkle-free graphene films. For the first time, 
the graphene films were addressed for applica-
tions of superior bottom electrode for flexible 
capacitors instead of the novel metals. 

Keywords: Graphene, wrinkle-free, Ti layer, 
BMNO capacitor 

 
Figure 1: (a, b), The DFT-calculated morphol-
ogies at the interface; (c) the ADF image ob-
served for the graphene film transferred to the 
Ti (10 nm)/glass. (d, e, and f). EELS mapping 
image observed at the bonding state of (g) (car-
bon and TiOx) and (h) (carbon, TiOx, and oxy-
gen) 



The	Effect	of	Polymer	Functional	Group	on	the	Adsorption	Behav-
iour	of	Polymers	onto	Graphene	Oxide	Nanosheets.	

E. Al-Bermany, B. Chen, 
 University of sheffield, Department of  Materials Science and Engineering, Sheffield, UK  

 
Abstract: 
Polymer–graphene nanocomposites have shown 
high potential for a wide range of engineering 
and energy applications. This work aims to in-
vestigate the effect of polymer functional group 
on the adsorption behaviour of polymers onto 
graphene oxide (GO) nanosheets. Poly(methyl 
methacrylate) (PMMA), poly(methyl methacry-
late-co-methacrylic acid) (PMM-MA) and 
poly(methacrylic acid) (PMAA) were used as 
the polymer models with different functional 
groups. GO was synthesised from graphite using 
a modified Hummers method which has func-
tional groups including hydroxyl, epoxy and 
carboxylic acid. Various polymer-adsorbed GO 
nanohybrids were prepared using a solution pro-
cessing method using N,N-Dimethylformamide 
(DMF) as the solvent. Fourier transform infra-
red spectroscopy (FT-IR), thermogravimetric 
analysis (TGA), differential scanning calorime-
try (DSC), X-ray diffraction (XRD), contact 
angle measurements and scanning electron mi-
croscopy (SEM) were performed to characterise 
the structure and morphology of the nanohy-
brids. The characteristic peaks for the functional 
groups of both GO and the polymer were found 
in the FT-IR spectra of most nanohybrids. The 
TGA results showed that the polymers were ad-
sorbed onto GO nanosheets with different ratios, 
and the maximum adsorption amount was 40 
wt% for PMAA. DSC results showed increased 
glass transition temperatures of the polymers in 
the nanohybrids compared with the value of 
their neat polymer counterpart. The interlayer 
spacings increased in most nanohybrids accord-
ing to the XRD results. The water contact angle 
of PMAA increased after mixing with GO 
whereas the values of PMMA and PMM-MA 
decreased. SEM images also confirmed the ad-
sorption of the polymers onto GO. These results 
shed light on the adsorption behaviour of poly-
mers of various functional groups onto GO 
nanosheets, which will be helpful for the inves-
tigation of the interfaces in polymer-GO nano-
composites as well as for monitoring the surface 
characteristics of GO nanosheets.  

Keywords: graphene, nanocomposite, polymer, 
functional group, surface adsorption, structure. 

 
Figure 1: Contact angle of the GO, PMMA, 
PMMA/ GO, PMMA/ GO-w, PMM-MA, 
PMM-MA/ GO, PMM-MA/ GO-w, PMAA, 
PMAA/ GO and PMAA/ GO-w.: PMMA has 
been widely applied in many industrial and im-
portant applications such as dental fillers, tooth 
structure, bio-applications because it is amor-
phous thermoplastic and inexpensive [1,2]. In 
addition, its excellent chemical, physical, bio-
logical, and mechanical properties, has drawn 
considerable interest because of a desire to de-
velop materials for applications in polymer-
based memory devices [2]. 
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oxide	Hyperbranched	Polyimide	Nanocomposites 
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Abstract: 
In recent years, the use of graphene-based nano-
fillers for synthesis of a new class of advanced 
polymer composites with unique mechanical 
and thermal, and optical properties has been 
greatly investigated.  
In this work, graphene oxide nanosheets were 
successfully surface modified by implanting 
imide linkage using a triphenylamine based tet-
ra-amine and pyromellitic dianhydride in order 
to achieve better dispersion and charge transfer 
properties in PI-GO composites. The modified 
GO was then incorporated into the hyper-
branched polyimide matrix. The polyimide was, 
in turn, synthesized from tetra-amine monomer 
and pyromellitic dianhydride by a two-step 
polymerization process. The development of 
organic functional groups on graphene sheets 
greatly enhanced the forces of attraction be-
tween GO and polyimide by formation of a 
charge transfer complex between polyimide and 
imide moieties on GO. The enhanced forces of 
attraction between two components suppressed 
the aggregation of GO. The resultant composites 
showed excellent thermal stability and photo-
physical properties. In comparison to neat poly-
imide, the GO based nanocomposites demon-
strated intense blue emission, bathochromic 
shift, and excitingly good PL quantum yields. 
Furthermore, higher HOMO levels, as compared 
to neat PI, were found as shown in Fig1. These 
properties indicate that our prepared nanocom-
posites may prove to be potential candidates for 
future flexible optoelectronic devices. This 
method could be of great interest for adjusting 
the electrochemical and photoluminescence 
properties for optoelectronics devices. 

Keywords: triphenylamine, Surface modified 
GO, PI/MGO composites, blue light emitting, 
optoelectronics. 

 
Figure1: PL emission of Neat polyimide and 
polyimide-GO nanocomposites 
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Abstract: 
Increasing research interest is focusing on 
nanogap technologies and their preparation[1,2], 
particularly in the fields of molecular electronics 
and biosensors[3,4]. The perspective applications 
are many fold[5,6], spacing from ultrafast transis-
tors[7] up to DNA sequencers[8]. 
Hereby, we report the achievement of tunable 
nanogaps between gold thin films via layer by 
layer deposition[9] of polyelectrolytes spacers. 
More precisely, Au substrates are chemically 
functionalized using mixed Self-Assembly-
Monolayers of amino-thiols and dodecanethiols 
and exposed to an acidic solution of polyelectro-
lytes, Figure 1. In acidic pH, the protonation of 
the amines attracts the oppositely charged poly-
electrolytes that adhere on the substrate. Ulti-
mately, the nanogap spacing is controlled by the 
subsequent deposition of alternatively charged 
polyelectrolytes, promoting the build-up of or-
ganic films by electrostatic interaction.  
The assembly is terminated by a layer of thiolat-
ed polyelectrolytes and further coated by a Au 
thin film. As a result, the top layer of polyelec-
trolytes  binds both the bottom organic assem-
bly, via electrostatic interaction, and the Au top 
layer via thiol-Au covalent bond, ensuring the 
stability of the nanogap. 
Afterwards, the nanogaps are transferred into a 
polymeric matrix and sectioned via 
microtomy[10], producing nanometric polymer 
sections containing gold electrodes separated by 
a nanogap, Figure 2. 
To conclude, the present talk demonstrates the 
versatility of polyelectrolyte multilayers to fab-
ricate nanogaps between metallic electrodes. 
The number of polyelectrolytic layers deter-
mines the aperture of the gap, while the microt-
omy allows the facile preparation of nanogaps 
with controllable aspect ratio and transferrable 
on arbitrary substrates. 

Keywords: nanogap, nanoskiving, microtomy, 
nanotechnology, layer by layer deposition, self-
assembly-monolayer. 

 
Figure 1: Assembly of a nanogap between Au thin 
films. A Au substrate is functionalized via SAM of 
aminothiols and dodecanethiols and coated by layer 
by layer deposition of polyelectrolytes. Lastly, a top-
coating of Au is grown to ultimate the gap. 

 
Figure 2: Nanogap between Au nanorods. The na-
norods have been prepared via microtomy of the thin 
films separated by organic fillers. Scale bar: 500nm. 
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Abstract: 
Epitaxial graphenes on SiC  (EG) obtained via 
thermal decomposition set up a viable platform 
for a variety of applications, e.g. quantum me-
trology, sensorics and high frequency electron-
ics. A main advantage compared to other gra-
phens is that no material transfer is needed. For 
device implemetion it is critical to have large 
area graphene of monolayer thickness with con-
trolled properties like carrier concentration, de-
fects type and density, etc. High performance 
sensors require graphene structure modification 
that can be done by different ways but not an 
ultimately successful method has been pro-
posed. By introducing defects in the graphene 
lattice an increased electrochemical activity can 
be obtained which leads to modulation of gra-
phene properties. Anodization, a technique to 
induce defects into highly oriented pyrolytic 
graphite (HOPG), is an electrochemical ap-
proach to create defects also in the graphene 
lattice. Anodization at high potentials may re-
move contaminants from the surface hindering 
the kinetics of surface-sensitive redox processes 
and yielding anodized EG as an advanced sens-
ing material. Here we report on real time obser-
vation of the anodization process, which is a key 
step of EG activation. The changes in capaci-
tive, reactive and structural properties of the 
graphene are comparatively studied with Raman 
spectroscopy and electrochemical methods at 
conditions of electrocapacitive and redox pro-
cesses. The combination of extreme smooth-
ness, robustness and efficient surface clean-
ing and modification by reactive defects 
gives a significant increase of the reactivity 
and an up to 21 fold increase in charge stor-
age capacity of graphene.  
Raman spectroscopy showed that the defect 
formation surprisingly occurred only in the 
graphene monolayer (Figure 1), which rep-
resents about 80 % of the surface. The bi-
layer areas do not seem to contribute with 
any anodization induced defect formation. 
The defect density is estimated to be about 2 
% of the carbon atoms in the monolayer ar-
ea. This study brings new challenges in gra-

phene activation but also indicates high 
ptomises for practical applications of epitax-
ial graphene in bio-sensors due to the effi-
cient surface modification/defect formation 
which is a prerequisite of proficient surface 
functionalization. 
Keywords:epitaxial graphene, lattice defects, 
charge storage capacity, Raman spectroscopy, 
monolayer, bilayer. 
References: 

1. Tzalenchuk, A., S. Lara-Avila, S., Kala-
boukhov, A., Paolillo, S., Syvajarvi, M., 
Yakimova, R., Kazakova, O.,  Janssen, 
T.J.B.M., Fal'ko, V., Kubatkin, S. (2010), 
Towards a quantum resistance standard 
based on epitaxial graphene, Nature Nano-
technology, 5, 186-189. 

2. Ivanov, I.G., Hassan, J.U., T. Iakimov, T.,. 
Zakharov, A.A., R. Yakimova, R., Janzen, 
E. (2014), Layer number determination in 
graphene on SiC by reflectance mapping, 
Carbon, 77 492-500. 



Graphene	mechanics:	defects,	buckling	and	domain	growth 
Sandeep K. Jain,1,* Gerad T. Barkema,2 

 
1,* Institute for Theoretical Physics, Utrecht University, Princetonplein 5, 3584 CC Utrecht,  

The Netherlands, *s.k.jain@uu.nl 
2 Department of Information and Computing Science, Utrecht University,  

Princetonplein 5, 3584 CC Utrecht, The Netherlands 
 

Abstract: 
We have developed a new semi-empirical po-
tential for graphene [1], using DFT calculations 
for determining the various parameters, which 
for the first time includes a term for out-of-plane 
deformations. We have demonstrated the use-
fulness of this potential in studies of different 
kind of intrinsic defects (Stone-Wales defect, 
separating dislocations and grain boundaries). 
Our simulations show that the stress caused by 
these defects can be relieved by buckling, which 
extends to hundreds of nanometers. A detailed 
study of the formation energies of defects sur-
prisingly revealed that the value for the for-
mation energy depends on the type of boundary 
conditions [2]. Therefore it is necessary to spec-
ify the boundary conditions  for the energy of 
the lattice defects in the buckled two-
dimensional crystals to be uniquely defined. We 
have also theoretically described that the vibra-
tional density of states (VDOS) can be used in 
probing the crystallinity of graphene samples 
[3]. The novel potential can be effectively com-
bined with interlayer interaction, allowing the 
simulation of bilayer graphene and study the 
effect of twist angle on the structure and buck-
ling [4]. Recently, we have described the uni-
versal shape behaviour of a graphene gas bubble 
irrespective of its size. We show that for small 
gas bubbles (~10 nm), the vdW pressure is in 
the order of 1 GPa [5].   

Keywords: Graphene, buckling, defects, simu-
lations, Moire-patterns, nanobubbles 

 
Figure 1: Buckled graphene with a Stone-
Wales defect. 
 
 
 
 
 
 

(a) 

 
 
(b) 

 

Figure 2: (a) Buckling in twisted bilayer gra-
phene. (b) Energy distribution in twisted bilayer 
graphene and formation of vortices. 

 
Figure 3: Structure of a graphene nanobubble. 
For small gas bubbles (~10 nm), the vdW pres-
sure is in the order of 1 GPa. 
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Abstract: 

Liquid exfoliation methods with no chemical 

reaction are cost-effective and scalable method to 

produce atomically thin flakes of two-

dimensional (2D) materials such as graphene, 

MoS2, WS2, h-BN, etc. For the exfoliation in 

aqueous solutions, the use of surfactants is 

necessary because of hydrophobicity of 2D 

materials. In this work, the effect of micellar size 

of surfactants on the exfoliation of 2D materials 

was extensively studied. The surfactants utilized 

in this work were ionic sodium dodecyl sulfate 

(SDS) and non-ionic biocompatible block 

copolymer, Pluronic F-68. 

For conventional surfactant-assisted exfoliations, 

the concentration of surfactants has been chosen 

in the range higher than critical micelle 

concentration (CMC). The molecules form 

spherical micelles at a concentration higher than 

CMC. However, the effect of micellar size on the 

exfoliation of 2D materials has not been studied 

until quite recently. We presents that the micellar 

size has a great influence on the exfoliation 

efficiency both with ionic SDS and non-ionic F-

68.1,2 The smaller size form such as unimer and 

very small micelle is much more efficient for 

obtaining a highly concentrated dispersion of 

atomically thin 2D materials than larger micelles. 

Thus, it should be very important to understand 

how the micellar size can be controlled in the 

exfoliation process.  

We clarified that the exfoliation yield of 

graphene depended on the concentration of 

surfactant and the maximum yield could be 

obtained at a concentration much lower than 

CMC as shown in Figure 1. The size of micelles 

was also influenced by the addition of water-

soluble alcohols. The results in Figure 2 showed 

that the exfoliation yields of MoS2, graphene, and 

h-BN strongly depended on the concentration of 

alcohols and showed the highest yields at the 

concentration of ethyl alcohol (EtOH), 50 vol.% 

at which unimers mainly exist. The role of 

alcohols is a surface tension-reducing agent in the 

dispersion solution,1 and to suppress the micelle-

forming.2 The results strongly insist that unimers 

and very small micelles are much more efficient 

for the exfoliation. When MoS2 was exfoliated 

for 3 h in 50 vol.% EtOH solution of F-68, the 

exfoliation yield was 14.6%  that is very high 

yield in aqueous solution among ever reported 

values.  

We also suggested the dielectrophoresis (DEP) 

technique as a method of forming a film 

composed of 2D flakes. By DEP, MoS2 flakes 

could be well deposited between two electrodes 

and showed a stable electrical connection and 

strong Raman peaks. 

SAC

CMC

 
Figure 1: Concentraion of graphene in aqueous 

dispersions exfoliated at different concentration of 

SDS (SAC: surface aggregation concentration). 
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Figure 2: Average yield of MoS2 (■), graphene (●), 

and h-BN (△) exfoliated for 1h in water/F-68/ethyl 

alcohol (EtOH) as a function of EtOH concentration. 
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Abstract: 
Co-based anisotropic nanowires are attracting 
scientific interest mainly for their possible ap-
plications as nano-magnets in (nano)medicine 
[1] as well as in recording media [2] and as 
building blocks in high energy nanostructured 
bulk permanent magnets [3]. In this latter case, a 
high magnetocrystalline anisotropy of the fer-
romagnetic nano-object is essential for high 
magnetic coercivity which are mandatory for 
obtaining a high magnetic energy product 
(namely BHmax) and thus a good permanent 
magnet. In this frame, we studied the magnetic 
static properties of hcp-cobalt nanowires, which 
show a high shape anisotropy and magnetocrys-
talline anisotropy by using a standard Quantum 
Design MPMS SQUID magnetometer in the 
temperature range of 5 - 400K and with a mag-
netic field applied between -7 Tesla and +7 Tes-
la. The magnetic energy of these nanowires was 
studied as a function of the shape as well as of 
the stacking fault, respectively determined by 
HRTEM and X-Ray diffraction measurements. 
The optimum candidates were then sintered by 
non-conventional SPS technique and cobalt-
based nanostructured materials were studied in 
view of magnetic energy optimization.  

Our results show that the key parameter driving 
the magnetic energy product of the cobalt nan-
owires is the stacking fault density when the 
aspect ratio is optimized (L/d>10) [4]. No mat-
ter the dispersion and morphology of the nan-
owires, the stacking faults are completely driv-
ing the observed differences in the magnetic 
energy product behavior. A huge loss in the 
magnetic  

energy is observed when the magnetic increases 
interactions between nanowires. A micromag-
netic simulation is performed to study the local 
interactions of nanowires inside the like-bulk 
nanostructured samples. The micromagnetic 
simulation showed that the magnetic qualities of 
bulk nanostructured materials depend not only 
on the morphology and on the crystal structure 

of nanowires, but also on the controlled ar-
rangement of these latters inside the permanent 
magnet suggesting composites new magnet as a 
good alternative for future applications. 

Keywords: nanowire, magnetic energy, stack-
ing faults, hcp cobalt 
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Abstract: 
Surface properties are well-known to affect the 
extent of adhesion between two adjacent materi-
als. However, imperfection caused roughness 
heterogeneity commonly leads to the difficulty 
in repeatability. In this study, the fundamental 
issues on the surface roughness homogeneity 
controlled by laser trajectories in rapid two-
photon polymerization (TPP) were firstly ad-
dressed. Moreover, skipping the commonly used 
piezo-driven and upright optics in conventional 
two photon polymerization, the self-developed  
4 W femtosecond laser based scanning system 
has increased the maximum fabrication speed up 
to 175 times (355 mm/sec) compared with that 
of conventional TPP method. By suitable selec-
tion of the fabrication parameters including of 
voxel distance, intensity and focusing point cor-
rection based on spherical abbreation within an 
appropriate exposure time, a series of cube 
structures of 6×6 mm2 surface area with rough-
ness Rz ranging from 0.4 to 1.3 µm were de-
signed and homogeneously polymerized. 
Meanwhile, hydrophobic structures inspired by 
the nature lotus effect has been made by this 
rapid TPP system for permanent surface modifi-
cation. It is highy expected that the rapid fabri-
cation of this level could fully fit the demands 
of various repeatability tests and devices in cell 
mechanics and tissue engineering applications. 

Keywords: Two-photon polymerization, Sur-
face modification, Voxel distance, Cell mechan-
ics 

 

Figure 1: Hydrophobic structures (2.5×2 mm2) 
made by rapid two photon polymerization: The 
size of pillar is 4.35 µm in diameter with 75 µm 
in height. The pitch distance between each pil-
lar is 10  µm, which can be used as an identical 
parameter for further adjusting the surface hy-
drophobicity. The whole process was done 
within 3 min while the conventional TPP needs 
at least 8.7 hr to achieve this scale of products. 
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Abstract: 
SmCo is a permanent magnetic material having peculiar characteristics. It can be used in different application 
field: electronic, environmental control and medicine. SmCo nanoparticles could be used in hyperthermia, 
particular treatment of cancer cell. Hyperthermia is the procedure that increases the local temperature of cancer 
cells in the range of 40°- 43° C. Using this temperature management, the number of cancer cells could be 
reduced. SmCo nanoparticles will be produced by Pulsed Laser Ablation (PLD) or Matrix Assisted Pulsed 
Laser Deposition (MAPLE) techniques and the nanostructures will be characterized by using X-Ray 
Diffraction, Scanning Electron Microscopy and magneto-optics measurements. The analysis is proposed as 
attempt for the use of SmCo nanoparticles in the hyperthermia field. 
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Abstract: 
The control of surface wettability has become an 
interesting area of investigation owing to its 
wide range of promising applications in differ-
ent industrial sectors (maritime, aeronautic, hy-
draulic, energy, etc.) [1]. In order to create a 
surface allowing extreme repellence to water 
and oils and mimicking some living organisms 
(e.g. Lotus leaf, Taro leaf etc.) various ap-
proaches have been proposed in the literature 
[2]. It has been commonly agreed that biomi-
metic superhydrophobic surfaces can be 
achieved by a combination of micro and nano-
structures with low surface energy. The replica 
of such natural surfaces allowed synthesizing 
coatings able to change the material response to 
different environments by the control of their 
wettability.  
In this work we produced amphiphobic (super 
hydrophobic/olephobic) surfaces by means of a 
multistep process which acts by following the 
double approach: nano-structuration and chemi-
cal modification. The same versatile process 
was successfully applied to different substrates: 
glass, ceramic tiles, metals and paper. The sur-
faces were treated with ceramic oxide nanopar-
ticles prepared by a sol-gel  method and applied 
by dip-coating. The treated surfaces were ther-
mally cured at temperature between 150-400°C 
and then boiled in water. Finally properly se-
lected fluorine-organic compounds were applied 
on the inorganic layer to introduce low energy 
functional groups. The so-treated substrates 
were widely characterized in terms of static and 
dynamic contact angle, microstructure observa-
tion (FESEM), surface chemistry (XPS) and 
durability. The results showed promising results 
with contact angles with water as high as 178°, 
CA hysteresis lower than 3° and CA with low 
surface tension liquids up to 150°. The micro-
structure evidenced a homogeneous flower-like 
structure (fig.1), with nanometric roughness, 
typically formed by inorganic lamellas random-
ly orientated and corresponding to a coating 
thickness of about 200-400 nm. Durability tests 
were performed on coated samples in severe 
environments (acid, basic, saline solutions, 
freezing, UV irradiation) to check their physico-
chemical resistance. Results demonstrated that 

the prepared coatings hold their properties over 
time. From the mechanical point of view, tape-
test and scratch-test analyses evidenced a good 
adhesion of the coating to the different sub-
strates, thus suggesting a wide range of potential 
applications.  
 
Keywords: amphiphobic biomimetic surfaces, 
flower like nanostructure, sol-gel, versatile pro-
cess 

 
Figure 1: FESEM image of the flower-like 
nanostructure observed on aluminum surface. 
The inset shows a water drop on the same sur-
face with a static contact angle of 175°, as-
sessed by the sessile drop method. 
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Abstract: 
Granule Spray in Vacuum (GSV) is a novel ce-
ramic coating method. Dense ceramic layer is 
deposited on various substrates (metal, polymer, 
ceramic) at room temperature in vacuum. Four 
raw powders of alpha alumina which have dif-
ferent mean particle sizes were selected for in-
vestigating relationship between the mean parti-
cle size and transmittance of alpha alumina 
films. Commercially available alpha alumina 
powders were used. A mean particle size was 
measured by a particle size analyzer. Mean par-
ticle size of four alpha alumina powders were 
0.8㎛, 0.84㎛, 1.77㎛ and 4.44㎛, respective-
ly. It was confirmed through XRD (X-ray dif-
fraction) that raw powders were in alpha phase. 
Transparent and dense alumina films were suc-
cessfully deposited on slide glass by GSV. 
Phases of alumina films were determined alpha 
by SAD (selective area diffraction). Transmit-
tances of alumina films were measured through 
UV visible spectrometer. The alumina film 
thickness was measured by an alpha step.  As 
particle size of alumina raw power increased, 
the transmittance of the alumina film decreased. 
Surface roughness of alumina films was meas-
ured by a surface profilometer. The microstruc-
tures and cross-sections of alumina films were 
observed by TEM (Transmission Electron Mi-
croscope). Alumina films have nanoscale micro-
structure and their grain size were mostly 5-
10nm. But any consistent relationship between 
the grain size in alumina films and particle size 
of raw powder/transmittance was not found. 

Keywords: Granule Spray in Vacuum, trans-
parent, film, alumina, coating 

 
Figure 1: Schematics of GSV apparatus 
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Abstract: 
The research and development of new materials 
for energy storage applications have become 
critical to meet the technological and environ-
mental requirements demanded for sustainable 
power sources. Although the synthesis of new 
electrolytes for Li-ion batteries has drawn less 
attention compared to cathode materials, their 
performance is also crucial to avoid capacity 
fade mechanisms, providing electrochemical 
stability to electrodes (i.e. safety), limiting the 
power rate to some extent, and fabricating de-
vices with non-toxic materials. Accordingly, 
various devices have been envisaged as nano-
composite organic/inorganic materials. Signifi-
cant effort is focused on the ability to obtain 
control of the nanoscale structures via innova-
tive synthetic approaches. The properties of 
nanocomposite materials depend not only on the 
properties of their individual precursors but also 
on their morphology and interfacial characteris-
tics. This field is generating many exciting new 
materials with novel properties. The latter can 
derive by combining properties from the pristine 
constituents into a single material. The inorganic 
components can be three-dimensional frame-
work systems such as zeolites, two-dimensional 
layered materials such as clays represents lamel-
lar nanocomposites that can be divided into two 
distinct classes, intercalated and exfoliated. The 
intercalated nanocomposites are also more com-
pound-like because of the fixed polymer/layer 
ratio, and they are interesting for their electronic 
and charge transport properties. 
In this work novel 
poly(poly(ethylenglycol)methacrylate) (pPEG-
MA) nanocomposite electrolytes (NE) based on 
montmorillonite (MMT) and zeolite (ZSM-5) 
with a salt (LiTFSI) and an ionic liquid are syn-
thetized. The salt was lithium 
bis(trifluoromethanesulfonyl)imide salt 
(LiTFSI) and 1-butyl- 1-methylpyrrolidinium 
bis(trifluoromethylsulfonyl)imide as ionic liquid 

(PYR 11 TFSI). During the synthesis the soni-
cation technique is successfully used to intro-
duce the fillers into the polymer matrix, provide 
uniform dispersion and shatter aggregates of 
nanofillers to ensure a polymer amorphous 
structure. The influence of the inorganic particle 
content (1, 3 and 5wt. %) and filler structure are 
discussed in terms of their thermal and morpho-
logical properties. SEM and TEM techniques 
reveal an efficient embedding of the fillers into 
pPEGMA, whereas analyses conducted with 
TGA/DSC, FTIR and XRD showed that for the 
binary systems BN-MMT and BN-ZSM- 5 con-
taining LiTFSI, the morphology of pPEGMA 
results into a crosslinking amorphous matrix 
where Li+ ion motion is hindered. This behavior 
stems from a strong interaction between the sur-
face of the anionic nanofiller with methylene 
(CH2) groups from pPEGMA, and particularly 
anionic nanofiller with Li+. The addition of ionic 
liquid PYR 11 TFSI to ternary systems TN-
MMT and TN-ZSM- 5 abates the aforemen-
tioned interactions and leads to an increase of 
the interfacial layer separation, which grants 
flexibility to the polymer chains. These effects 
stem significantly enhancements in the ionic 
conductivies of TN-MMT (4.0 x10-4 S cm-1) and 
TN-ZSM- 5 (9.4 x10-6 S cm-1) at 30 °C. These 
materials present adequate morphological, ther-
mal and mechanical properties, and a significant 
enhancement of Li+ ion conductivity for green 
materials at room temperature to be considered 
as potential nanocomposite electrolyte for Li-ion 
batteries. 

Keywords: ZSM-5, Montmorillonite clay, ionic 
liquid, nanocomposite polymer, polymer elec-
trolytes, Li-ion batteries. 



 

 

 
Figure 1: Figure illustrating the diffractograms 
of SN (pPEGMA-nanofiller), BN (pPEG-
MAnanofiller + LiTFSI) and TN (pPEGMA-
nanofiller + LiTFSI + PYR11TFSI) nanocom-
posites: (a) MMT, SN-MMT, BN-MMT and 
TN-MMT, and (b) ZSM-5, SN-ZSM-5, BN-
ZSM-5 and TN-ZSM-5  
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Abstract: Resistive random access memory 
(RRAM) has been extensively investigated as 
one of the most promising next-generation non-
volatile memory devices, especially in the 
crossbar array (CBA) architecture, for future 
high-density memory application1. However, the 
necessary integration of a memory cell with 
selection devices, to alleviate the parasitic 
leakage currents in CBA is a major obstacle to 
realize three dimensional CBA structure2. The 
fabrication of discrete selection devices, such as 
Schottky diodes3 and transistors4, and 
combining them with the memory cell are very 
difficult in the vertically integrated structure. In 
addition, the integrated bit cell results in large 
cell size, which hinders the realization of high-
density CBAs. In order to circumvent these 
difficulties, recently, a memory cell containing 
self-rectification functionality is attracting a 
great deal of attention as an alternative method 
to eliminate the sneak currents without the need 
for selection devices5. Here, we demonstrate a 
memory cell having excellent bipolar resistive 
switching together with a self-rectifying 
characteristics, which is fabricated by inserting a 
silicon nitride (Si3N4) layer between bottom 
electrode (n+-Si) and solution-processed active 
material of an iron oxide embedded graphene 
oxide (FeOx-GO) layer (Figure 1). The memory 
cell exhibits high resistive switching ratio of 
4×104 and rectification ratio of 2×104. 
Moreover, during repetitive 100 cycles, the 
memory cell did not show any noticeable 
degradation with respect to the operating current 
levels including high-resistance state current 
(IHRS), low-resistance state current (ILRS), and 
rectifying current (IR) and SET voltage (VSET) 
indicating a resistive switching operation from 
HRS to LRS (Figure 2). Furthermore, we found 
that the FeOx-GO hybrid material acting as the 
resistive switching layer in the memory cell 
configuration provides lower VSET, higher ILRS, 
and lower IR rather than the GO active layer 

(Figure 3). This study realizes a simple and 
feasible method to achieve a highly uniform 
self-rectifying resistive switching RRAM cell 
for the CBA application. The experimental 
results and the discussion of analysis will be 
explained in detail, at the conference.  
This work was supported by the National 
Research Foundation of Korea grant funded by 
the Korea government(MSIP) 
(No.2017R1A2B3004049). 

Keywords: Crossbar array, sneak path, resistive 
random access memory (RRAM), self-rectifying 
RRAM, graphene oxide, iron oxide and 
graphene oxide hybrid, silicon nitride 

 
Figure 1: A schematic illustrating the cross 
section of the Au/Ni/FeOx-GO/Si3N4/n+-Si 
memory cell 

 



Figure 2: I-V characteristics of Au/Ni/FeOx-
GO/Si3N4/n+-Si memory cell measured at first 
and 100th cycle after electroforming process 
(ILRS and IHRS were read at +3 V, and ILRS and IR 
were read at +3V and -3 V, respectively). 

 
Figure 3: Comparison of the I-V characteristics 
of Au/Ni/FeOx-GO/Si3N4/n+-Si and 
Au/Ni/GO/Si3N4/n+-Si memory cells 
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Abstract: 
Recently, it has been demonstrated that 
nanostructured materials increase the transport 
properties of oxides used as electrolytes in 
SOFC [1-2]. This fact will allow a meaningful 
decrease of the devices operation temperature to 
intermediate temperature range (500-700ºC), 
increasing its competitiveness [3]. However, the 
physical basis of this phenomenon it is not fully 
understood [4,5]. In this work, nanostructured 
ceria thin films have been prepared by ultrasonic 
spray pyrolysis using cerium acetylacetonate as 
metallo-organic precursor dissolved in anhy-
drous methanol. Two different flow rates was 
used and substrate temperature was varied in 
order to optimized the structural and optical 
properties. The morphology, structure and opti-
cal properties were studied by scanning electron 
microscopy, X-ray diffraction (XRD), X-ray 
photoelectron spectroscopy (XPS) and photolu-
miniscence. The influence of thermal annealing 
at 900 ºC on the films was studied. The spray 
conditions were optimized for obtaining smooth, 
dense and homogeneous nanocrystalline films 
with grains sizes smaller than 10 nm. By XPS 
were demonstrated the presence of Ce3+, even in 
treated films. The Ce3+ concentration do not de-
pend of the grown temperature and decrease 
with the thermal annealing. Variations on the 
flow rate modified the optimal grown temopera-
ture, change the texture coefficient of main re-
flextions in XRD pattern and the defects distri-
bution in the film. 
The authors acknowledge financial support for 
this work from IPN with projects 20172276 and 
20170488, CONACyT under project PN 1373 
and “Red Temática de Álmacenamiento” and 
SECITI 071-2016. 
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Figure 1: SEM images of CeO2 thin films with 
grain size lower than 20 nm. 
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Abstract: 
Heterogeneous catalysts are preferred over their 
homogeneous counterparts due to the ease in 
product separation and catalyst recycle. Howev-
er, switching to heterogeneous catalysts often 
entails a loss in catalytic activity. To counter 
this disadvantage, nanocatalysis offers unique 
solutions. Over the last decade, nanomaterials 
and nanoparticles (NPs) in particular have 
emerged as remarkably performant materials 
due to their high surface/volume-ratio and quan-
tum confinement. However, the use of NPs re-
quires their stability against self-aggregation 
since the catalytic activity of the NPs is highly 
size-dependent (1-10 nm).1 
In this work, NP stabilization is achieved by 
using hydrotalcites (HT), i.e., steric stabiliza-
tion, and ion exchange resins (IEX), i.e., steric 
and electrostatic stabilization, as supports 2, 3 
due to highly structural tunability of the former 
and the large variety of different types of func-
tionalities of the latter. Size-controlled NPs were 
synthesized by tuning the HT structure as well 
as by varying the reduction temperature. Fur-
thermore, the IEX functionality was varied in 
order to achieve well-controlled NP sizes. 
First, the effect of calcining the HT material on 
the NP size was investigated. The HT supported 
NP catalysts were synthesized by using a co-
precipitation (1.0 wt% Pd) method, followed by 
a reduction of the metal with NaBH4 (20°C). 
TEM analysis showed that the largest NPs (6.9 
nm) were found in the uncalcined catalyst, while 
for the calcined catalyst significantly smaller 
NPs (3.0 nm) were observed. This is attributed 
to the HT structure since calcination causes a 
structural collapse, resulting in a more pro-
nounced confinement and, hence, smaller NPs 
with a narrow size distribution. In addition, the 
effect of the reduction temperature (0°C-20°C-
60°C) on the NP size was studied for the uncal-
cined, co-precipitated NP catalyst. TEM analy-
sis showed that while the smallest NPs were 
obtained at 60°C (4.1 nm), lower reduction tem-
peratures, i.e., 0°C and 20°C (8.1 nm and 6.9 
nm respectively) resulted in larger NPs. At low 
reduction temperatures, the nucleation rate is 
more limited preferring heterogeneous nuclea-
tion over homogeneous nucleation, which re-

sults in less but larger NPs. Upon higher reduc-
tion temperatures, a faster (homogeneous) nu-
cleation occurs and, thus, the formation of 
smaller NPs is promoted. 
Secondly, the effect of the resin functionality on 
the NP size was investigated.4 Three different 
macroporous IEX were used as support: a sul-
fonic acid (Lewatit K2629, Lanxess), a thiol 
functionalized (Ambersep GT74, DOW Chemi-
cal), and a quaternary amine resin (Lewatit 
MP500OH, Lanxess). The NP catalysts (0.1 
wt% Pd) were synthesized via an intermatrix 
synthesis, i.e., ion exchange and reduction 
(NaBH4, 20°C) method. TEM analysis showed 
that while the smallest NPs (1.3 nm) were found 
in the Ambersep GT74 resin, the Lewatit K2629 
and Lewatit MP500 OH resins resulted in NPs 
of a similar size (2.4 and 2.6 nm respectively). 
The difference in NP size is attributed to the 
differences in the resin functionality, i.e., the 
Ambersep GT74 resin possess strong coordinat-
ing, weak exchange groups, in contrast to the 
Lewatit K2629 and Lewatit MP500OH resins 
which have both weak coordinating, strong ex-
change groups. 
In this work, it is clearly shown that the support 
structure as well as functionality and the reduc-
tion temperature are effective factors to tune NP 
size, and, hence, need to be considered when 
devel-oping NP catalysts. 
Keywords: Heterogeneous catalysis, nanoparti-
cles, hydrotalcite, ion exchange resins, transmis-
sion electron microscopy. 
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Abstract: 
Nanomaterials development is mandatory 
for improving modern science and technol-
ogy.The control over their crystal structure 
and shape allow the optimization of their 
properties and the development of new ap-
plications. 
Our aim in this work is to show how the 
mechanical stirring applied during the poly-
ol synthesis of cbalt nanorods1 can help us 
to control the crystal struture as well as the 
complex shape of the nanorods. 
Our results show that the cobalt nanowire 
morphology and the hexagonal structure 
pilling up vary considerably with the stirring 
conditions. The highest stirring speed condi-
tions impose a lower aspect ratio of the ani-
sotropic nano-objects, and decrease the coe-
herent of diffraction length along the c di-
rection of the hexagonal structure  (hcp). 
Also the particle morphology is strongly 
modified in this case: the nanorods have 
rough edges along the c axis of the hcp 
structure along which the particles grow  
( see Figure 1 a). The case of low stirring 
speed, the structural and morphological ca-
racteristic go in the opposite way: nanowires 
present smooth lateral sides and the stacking 
faults densities is low (see Figure 1 b). 
The magnetic properties of the particles 
have been mesured by MPMS 3 magnetom-
eter. Magnetic hysterisis cycles were measured 
by field cooling at 200 K the nanoparticles in-
side their synthesis solution under the applica-
tion of a magnetic field of 70 kOe.The results 
showed that the increasing of the stirring 

softened the magnetic behavior of the nan-
owires through the morphology and 
structural control. 

 
Figure 1 : TEM images of Co nanoparticles 
morphologies with two differents stirring rates  
a) 300 rpm b) 50 rpm. 

Keywords: Cobalt, anisotropy, magnetism, soft-
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Abstract: 
Conductive polymers are an attractive route to 
cost effective and versatile nanoelectronics. 
Chemical synthesis of these materials offers 
possibility to chemically bottom-up engineer the 
electronic function of polymers at will, and yet 
produce them in large scale. As of now, several 
proof of concept devices based on conductive 
polymers have been shown that span a great 
range of applications including flexible field-
effect transistors, actuators, sensors, and nano-
optoelectronic devices. Insight in fundamental 
electron transport properties in these materials is 
of utmost importance for further practical de-
velopment. Recent studies of I-V characteristics 
on pristine polymer nanofibers and carbonized 
polymer nanofibers show the similar power law 
scaling behavior despite the structural differ-
ences: the former quasi one-dimensional and the 
latter quasi-amorphous carbon networks of two- 
or three- dimensional. Both types of materials 
give apparent power law dependence of current 
with voltage and temperature and scaling of all 
measurements into a single universal curve. We 
have interpreted the power law scaling in car-
bonized polymer nanofibers as the manifestation 
of the Efros-Shklovskii variable range hopping 
(ES-VRH) in wide range of T and V parameters, 
which we suggest as the main transport mecha-
nism of pristine polymer nanofibers1. The mag-
neto resistance (MR), however, shows distinct 
behavior between the two materials. The pristine 
polyacetylene nanofibers show zero magneto 
resistance (ZMR) in high electric field2, E = 3 x 
104 V/cm. But the MR of carbonized polyacety-
lene nanofibers remains positive which is typi-
cal for the VRH conduction. The applied elec-
tric power for the MR measurement of the pris-
tine polyacetylene nanofibers in high electric 
field is P=1.2x10-9 Watt, which is small enough 
to eliminate the heating effect. The ZMR ob-
served in polyacetylene nanofibers in high elec-
tric field is explained with the de-confined con-
duction of spinless charged soliton which is a 1-
D topological insulator3. A possibility to inves-
tigate the Majorana state in the polyacetylene 
nanofibers will be discussed.  

Keywords: pristine polymer nanofibers, carbon-
ized polymer nanofibers, power law scaling in I-
V characteristic, zero magneto resistance in pol-
yacetylene nanofibers, 1-D topological insula-
tor, Majorana fermion 
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Abstract: 
We report  low temperature electrical resistivity 
and magnetoresistance (MR) measurements  of 
conducting polyaniline (PANI) and multiwalled 
carbon nanotubes (MWCNT) composites. we 
have used in-situ oxidative polymerization 
method to synthesize hydrochloric acid doped 
PANI   composites with MWCNT weight per-
centage  0%,5%,10%,12% ,14% and  15%.  The 
temperature dependence of resistivity is studied 
from room temperature to 4.2K and analysed by 
Mott Variable range hopping (VRH) model . 
The temperature dependence of resistivity 
shows five orders of magnitude change from 
1.1×10-3Ωm at 300K to 65.75 Ωm at 4.2K for 
pure PANI, where as for PANI composite with 
15% MWCNT shows less variation from 
4.6×10-4Ωm to 3.5×10-2Ωm. The huge change in 
resistivity is due to localization of charge carri-
ers in presence of disorder. At 4.2K MR shows 
transition from positive to negative with higher 
MWCNT loading.  Samples with 5% and 10% 
MWCNT shows positive MR , where as 
12%,14% and 15% MWCNT loaded samples 
shows negative MR. . Also at higher tempera-
ture like 10K, 20K and 30K both positive MR 
and negative MR is reduced to smaller value 
.The positive and negative MR is discussed in 
terms of wave function shrinkage effect and 
quantum interference effect on variable range 
hopping conduction.  

Keywords: resistivity,variable range hop-
ping,magnetoresistance 

 
Figure1: Scanning electron microscope Image 
of PANI-CNT composite 

 
Figure2: Graph illustrating the transition of 
magnetoresistance from positive to negative 
with increase in Carbon nanotube content 
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Abstract: 
The optical control of the physical properties of 
a material is of interest for both fundamental 
and applied issues. The strategy that our group 
has developed in the past years is to design arti-
ficial core-shell heterostructures, which com-
bines a photostrictive core with a piezomagnetic 
shell. These properties can be coupled via the 
transfer of mechanical stresses through the inter-
face. Under light irradiation, the lattice of the 
core expands, exerting a pressure on the shell 
and in turn modifying its magnetic properties 
[1-3]. These photomagnetic effects could be 
exploited for a magneto-optical switching in 
optoelectronics or information storage devices. 
 
The growth of such heterostructures has been 
optimized in the case of molecular crystals with 
a double perovskite structure derived from Prus-
sian blue and of generic formula 
AxM[M’(CN)6]y. zH2O (with A : alkali and 
M,M’ : transition metal ions) [4-5]. In order to 
enhance the mechanical coupling between the 
core and the shell; we have studied a series of 
heteroepitaxial 
Rb0.5Co[Fe(CN)6]0.8.zH2O@KxM[M’(CN)6]y.z’
H2O (RbCoFe@KMM’) core-shell particles in-
volving a same RbCoFe photostrictive core and 
isostructural shell compounds with variable 
mismatch with the core lattice, from f = -2.6% 
to -5.3% with f defined as (acore-ashell)/acore . 
 
Recent in situ X-ray powder diffraction (XRPD) 
experiments complemented by X-Ray absorp-
tion spectroscopy experiments performed at the 
Co K-edge to quantify the number of Co3+-Fe2+ 
pairs converted into Co2+-Fe3+ ones upon light 
irradiation provided a direct evidence for an ef-
fective transfer of the mechanical stresses across 
the interface within these heterostructures [6]. 
These measurements showed that the core ex-
pansion under light irradiation induces a partial 
deformation of the shell (figure 1). These effects 
are only due to the elastic coupling between the 
core and the shell as the investigated shell com-

pounds are optically inactive. Though, the pres-
ence of the shell significantly reduces the ex-
pansion of the core lattice under irradiation as 
well as the number of converted Co2+-Fe3+ pairs.  
We also enhanced the fact that the mismatch has 
a strong effect on the efficiency of this elastic 
coupling. 

Keywords: Prussian blue analogs, mechanical 
coupling, irradiation, lattice mismatch 

 

 

 

 

Figure 1: Scheme of the expansion of the pho-
tostrictive core under light irradiation and the 
partial deformation induced in the shell (light 
green; dark green is not deformed) 
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Abstract: 
In this study, graphene nanosheets (xGnP) and 
cup-stacked carbon nanotubes (CSCNT) were 
used to enhance the interlaminar shear strength 
properties of carbon fibre epoxy composites. 
The ball milling technique was used to disperse 
these two types of nanofillers into the epoxy 
matrix at different weight concentrations (0, 2.5, 
4, 5, 6, 7) wt. %. Mechanical testing was per-
formed to identify the optimum weight concen-
tration for each type of nanophased matrix. The 
results showed that the highest mechanical 
strength was achieved after adding 5 wt. % of 
xGnP, 6 wt. % of CSCNT, and 4 wt. % of hy-
brid nanofillers (xGnP&CSCNT) to the epoxy 
resin. The optimum weight concentration for 
each type of nanocomposites was then used to 
modify the mechanical properties of carbon fi-
bre composite. Three classes of carbon fibre 
epoxy composite hybrid produced with the fol-
lowing formulations, namely: a) 
xGnP/CF/epoxy composite, b) 
CSCNT/CF/epoxy composite, and c)xGnP-
CSCNT/CF/ epoxy composite hybrid. Short 
beam shear testing was conducted on these three 
types of hybrid composites. The results showed 
that the intelaminar shear strength increased by 
approximately 28.73% in the xGnP/CF/ epoxy 
composite, and 34.34% in the 
CSCNT/CF/epoxy composite. In addition, there 
was a significant improvement by approximate-
ly 31.85% in the xGnP-CSCNT/CF/epoxy com-
posite hybrid after combining of xGnP and 
CSCNT into the epoxy matrix. TEM and SEM 
was used to assess the dispersion of the nano-
fillers into the epoxy, and the fracture mecha-
nism of carbon fibre composite. The microstruc-
tural details showed a reasonable dispersion of 
the nanofillers and good interlocking of the car-
bon fiber network with the nanofilled matrix. 
 
Keywords: Ball milling technique, hybrid nano-
fillers, carbon fiber composite, nanocomposite, 
graphene, fibre nanotubes. 

 
Figure: Typical force-deflection curves for short 
beam samples of carbon fibre composite modi-
fied with graphene, cup-stacked carbon nano-
tube, and hybrid nanofillers (xGnP&CSCNT). 
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Abstract: 
The reduced graphene oxide1 (rGO), ZnO 
nanoparticles2 and, reduced graphene oxide 
reinforced with ZnO nanoparticles 
(rGO/ZnO) were synthesized and character-
ized by various state-of-art techniques as 
powder-XRD, transmission electron micros-
copy, energy dispersive X-ray spectroscopy 
and Raman spectroscopic techniques. Fric-
tion and wear reducing properties of as-
prepared rGO, ZnO and rGO/ZnO nano-
composite in liquid paraffin as base oil were 
investigated by the four-ball lubricant test-
ing machine. All the tribological tests were 
carried out at an optimized additive concen-
tration by varying the test durations at 392N 
load and by varying load for 30 min test du-
ration. Various tribological parameters such 
as mean wear scar diameter (MWD), fric-
tion coefficient (µ), mean wear volume 
(MWV) and wear rate show that these na-
noparticles act as efficient antiwear addi-
tives. The tribological results show the in-
troduction of a small amount of these 
nanoadditives to the base lube could reduce 
friction and wear drastically under various 
test conditions. Among all the studied addi-
tives, rGO/ZnO exhibited superior lubrica-
tion behavior over its individual constituent 
rGO and ZnO nanoparticles in base oil. The 
pronounced tribological behavior of 
rGO/ZnO is due to entrapment of ZnO na-
noparticles in between the multilayered rGO 
which enhanced the adherence property of 
rGO.3 The rGO/ZnO nanoparticles act as 
nanobearings and/or form thin layer in be-
tween the steel-steel interface.4 The surface 
morphology of the sliding surfaces has been 
analysed using SEM and AFM which exhib-
it there is huge reduction in surface rough-
ness in presence of rGO/ZnO. Tribochemis-

try of the worn surface lubricated with 
rGO/ZnO has been investigated by XPS 
shows there is formation of protective in-
situ tribochemical film/s made up of ZnO 
and Fe2O3/Fe3O4. 
Keywords: rGO/ZnO nanocomposite, anti-
wear additives, Surface characterization: 
SEM/EDX, AFM, XPS. 

 
Figure 1: Zinc oxide/reduced graphene ox-
ide nanocomposite significantly enhanced 
antiwear and load carrying properties of 
paraffin base oil.  
References: 
1. D.C.	Marcano,	D.V.	Kosynkin,	 J.M.	Ber-

lin,	A.	Sinitskii,	 Z.	Sun,	A.	Slesarev,	 L.B.	
Alemany,	W.	 Lu,	 J.M.	 Tour,	ACS	Nano,	
2010,	4,	4806.	

2. Kalyani,	V.	 Jaiswal,	R.B.	Rastogi,	D.	Ku-
mar,	 Appl.	 Nanosci.,	 2015,	 DOI	
10.1007/s13204-015-0471-1.	

3. D.	 Berman,	 A.	 Erdemir,	 A.V.	 Sumant,	
Materials	Today,	2014,	17,	32.	

4. V.	 Jaiswal,	 R.B.	 Rastogi,	 R.	 Kumar,	 L.	
Singh,	K.D.	Mandal,	J.	Mater.	Chem.	A.,	
2014,	2,	275-286.	



Polyurethane-MWCNT	nanocomposite	for	RAM	applications 
 

I.J. Rajmohan1, M.I.Hussein1, Q.Clément2, N.Vukadinovic2 
 

1 UAE University, Department of Electrical Engineering, Abu Dhabi, UAE 
2 Dassault Aviation, 92552 Saint-Cloud, France 

 
Abstract: 
A class of high performance composite, based 
on multi-wall carbon nanotubes (MWCNT), is 
explored for its applicability in developing new 
radar absorbing materials (RAMs) and shielding 
structures. Carbon nanotubes possess remarka-
ble mechanical and physical performances and 
act as multifunctional nano-fillers for polymer 
fibers. It has great potential for wide range of 
applications owing to their large aspect ratio and 
high conductivity, with excellent absorption 
level and shielding effectiveness. In this study 
the MWCNT fillers are uniformly dispersed in 
polyurethane (PU) polymer matrix at different 
weight percentages (0.1%-5%). The perfor-
mance of the composite aggregates at micro-
wave frequency is governed by the electrical 
properties of the filling particles and polymer 
matrix. Higher aspect ratio of the MWCNT re-
confirms the composite’s electromagnetic ab-
sorption capabilities [1]. It is expected that con-
ducting network inside the composites are creat-
ed  using small percentage of MWCNT content 
as the conduction paths are easily formed due to 
the contacts between the ends of the long tubes 
[2]. In order to measure the dielectric properties 
of the composite samples, open ended coaxial 
probe method is used. Dielectric Assessment Kit 
(DAK) from SPEAG is used to obtain the elec-
trical properties for eleven samples with differ-
ent weight percentages (w%) including 0%, 
0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 2%, 3%, 
4% and 5%. The measurements are carried out 
at room temperature using R&S®ZVL 13.6 GHz 
Vector network Analyzer, with frequency range 
of (300MHz-13.6 GHz), as shown in Figure 1. It 
is observed that the real part of the electric per-
mittivity is increasing with increasing w% con-
centration. A theoretical model is currently de-
veloped in order to describe the dielectric prop-
erties of the MWCNT composites with aim of 
fitting the measurements as best as possible. 
Moreover, reflection loss calculations have been 
done, based on the dielectric properties obtained 
for each w%, considering a slab of MWCNT 
composite laid on a perfect conductor. As 
shown in Figure 2 for a 2 w% MWCNT compo-
site slab with a thickness of 10 mm, the reflec-
tion loss at normal incidence can have two min-

ima, respectively located around 3 GHz and 10 
GHz, leading to a two-band RAM. 

Keywords: multi-wall carbon nanotubes, radar 
absorbing materials, composite materials. 

 
Figure 1: Measurement setup. 

 
Figure 2: Reflection loss at normal incidence of a 2 
w% MWCNT composite with a thickness of 10 mm. 
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Abstract: 
The efficient stabilization of ceramic based na-
nopowders is a prerequisite for the achievement 
of highly reliable ceramic materials and for the 
development of nanocomposites and nanostruc-
tured materials, e.g. on the basis of porous ma-
terials for filtration and catalysis.  
Agglomeration or re-agglomeration due to Van 
der Waals forces can be avoided using different 
concepts to increase the separation barrier by 
electrostatic or steric means. Recently some 
studies applying anion type copolymers using 
alumina and zirconia submicron and nanoparti-
cles were performed in order to develop a basic 
understanding of the mechanism of steric stabi-
lisation in aqueous media [1-3]. We present 
here a review on the new concepts to apply ani-
on type and cation type comb copolymers as a 
promising alternative in case of the stabilisation 
of titania [4, 5] and other oxides. The effective-
ness of the dispersants was evaluated on the 
basis of adsorption, zeta potential measure-
ments and particle size measurements. 

Keywords: electrostatic stabilization, steric 
stabilization, colloid chemistry, surfactants, 
dispersants,ceramics, nanoparticles, adsorption, 
zetapotential 
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Abstract: 
Rubber nanocomposite is a field of extensive 
research in recent years.  This is a class of or-
ganic-inorganic hybrid materials, where the in-
organic component is uniformly distributed in 
nanometer scale (10-9 m) within the rubber ma-
trix.  The reinforcing components are mostly 
nanoclay, silica, expanded graphite, carbon 
nanotubes, nanofibers etc.  Naturally occurring 
or synthetic clays are first modified into rubber 
compatible nanoclay and then dispersed in a 
matrix by any of the three different methods 
namely solution intercalation, in-situ polymeri-
zation and melt intercalation. Gallery spacing of 
clay could also be expanded without the use of 
an organic modifier, simply by using a synthetic 
approach.  Graphitic layers have been  delami-
nated to a few layers of graphene by modifica-
tion. The present lecture will highlight some 
interesting observations in the area of modified 
nanomaterials and their nanocomposites. For 
instance, dispersion of a wide range of nano-
fillers can be enhanced by various compatibili-
zation and dispersion techniques in different 
rubbers.  The nanostructure – property relation-
ship will be demonstrated in this lecture. The  
modified clays have been shown to improve the 
mechanical, thermal and swelling properties of 
these rubbers, depending on the nature of poly-
mer matrix ( Fig. 1) .  The results have been ex-
plained with the help of morphology, interaction 
between the components, adsorption phenome-
na, surface and cleavage energy balance and 
thermodynamics.  On the basis of these, a new 
mechanism for polymer intercalation into clay 
galleries has been proposed. Tribological char-
acteristics of rubber nanocomposites, performed 
by analyzing the debris and abraded surface, 
revealed that nanofillers arrested wear signifi-
cantly. The mechanical, dynamic mechanical 
and tribological properties of ternary nanocom-
posites comprising polymer /nanofiller/carbon 
black exhibited synergistic improvements, with-
in the high performance window of good wet 
skid and low rolling resistance. Thermal proper-
ties of various nanocomposites are shown to be 
improved considerably for hydrogenated nitrile 
rubber used in automotive applications. Thus, 
these nanocomposites have paved the way for 
various applications, which would be discussed.  

Keywords: polymer, rubber, nanocomposites. 

Figure 1: Mechanical properties of SBR nano-
composites 
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Abstract: 
Field emission posses tremendous applications 
in numerous technological aspects. To name a 
few are: electron sources in electron micro-
scope, field emission displays, vacuum electron-
ic devices etc. Excellent thermal stability, high 
electrical conductivity and low work function 
make lanthanum nickelate (LNO ) an ideal can-
didate for potential electron field emitter. In the 
present work, we have prepared  nanostructured 
LNO by sol-gel method and studied field emis-
sion properties.1 We have analysed our results 
by Fowler-Nordheim (F-N) model which relates 
the emission current density (J) with applied 
electric field (E) by the following equation: 2 

                 
2 3/ 2( )
exp( )

A E B
J

E
b j
j b

=                            

(1) 

Where A= 61.54 10-´ eV/V2 and 
B= 96.83 10´ AeV3/2/V2, φ is work function of the 
material and β is the field enhancement factor 
which depends on the geometry of the tips. No-
tably, β signifies the enhancement of the local 
electric field at the tip of the emitter over the 
applied electric field. 

Figure 1 shows the variation of J with E. We 
have theoretically fitted the data in the figure by 
Eqn. [1].  We have obtained from the fitting the 
threshold electric field, ETH = 19.23V/µm and 
turn on field, ETO= 16.91 V/µm which are lower 
than the previously reported value.3 The turn on 
field and threshold field are defined as the min-
imum field required to achieve a current density 
of 0.1mA/cm2 and 1mA/cm2 respectively. These 
comparatively low values of ETH and ETO are 
facilitated by the pyramidal and whisker shaped 
tips and sharp edges of nanostructured LNO.4 
We extracted a satisfactory value of β ~ 249.37 
from the slope of the graph  ln(J/E2) vs 1/E, 
shown in the inset of figure 1. Such observation 
can be attributed to low work function and to-
pography of the surface. As efficiency of field 
emission can be tuned by varying the aspect 
ratio and shape of the emitter tips, the 

nanostructured LNO of high purity can be a 
promising material for studying the field emis-
sion properties. 

Figure 1:  Variation of current density J as a 
function of electric field E. The inset shows 
Fowler-Nordheim plot ( ln(J/E2) vs. 1/E ) 

Keywords:  Field emission study,emission cur-
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Abstract: 
Ever since the first synthesis of semiconductor 
perovskite nanocrystals (NCs) of cesium lead 
halides in 2015, they have attracted a lot of re-
search interest due to the size- and composition-
dependent emission colors from the quantum 
confinement effect. At the single-particle level, 
the quantum-emitter nature of perovskite NCs 
have been confirmed from the single-photon 
emission measurements. Here we show that, at 
room temperature and with low-power excita-
tion, nonblinking photoluminescence (PL) is 
easily achieved in single perovskite CsPbI3 (ce-
sium lead iodide) NCs synthesized from a facile 
colloidal approach. With high-power excitation, 
PL blinking is triggered in single CsPbI3 NCs by 
the photo-ionization effect that creates two types 
of charged excitons with opposite signs. The 
“grey” intensity level in the PL blinking time 
trace is related to the charged exciton with Au-
ger-mediated weak fluorescence. Auger recom-
bination in the other type of charged exciton is 
nearly eliminated so that its fluorescent photons 
contribute to the blinking “on” intensity level 
with a PL lifetime almost twice shorter than that 
of the neutral exciton. At cryogenic temperature 
and with low-power excitation, a resolution-
limited PL linewidth of ~200 µeV is measured 
for single CsPbI3 NCs without the spectral dif-
fusion effect (Figure 1). Due to the suppressions 
of both PL blinking and spectral diffusion ef-
fects, bright-exciton fine structure splittings of 
single excitons and the appearance of optical 
emissions from neutral and charged biexcitons 
can be further domonstrated in single CsPbI3 
NCs. 

Keywords: perovskite, nanocrystal, blinking, 
spectral diffusion, fine structure splitting, sin-
gle-particle spectroscopy 

 
Figure 1: (a) PL spectra of four single CsPbI3 
NCs showing ultranarrow PL linewidths of 
~200 µeV limited only by the system resolution. 
(b) Time-dependent PL spectral image of a sin-
gle CsPbI3 NC showing the suppressions of 
both PL blinking and spectral diffusion effects. 
The above measurements were performed at the 
cryogenic temperature of ~4 K. 
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Abstract: 
A nanocomposite ceramic with the composition 
close to 0.9BaTiO3 - 0.1CaCu3Ti4O12 (BT-
CCT) was synthesized using a solid state meth-
od through sintering at 950 °C for different time 
durations 3, 6, 9 and 12 h. The structural and 
microstructural details were studied by X-ray 
diffraction (XRD), scanning electron micro-
scope (SEM) and transmission electron micro-
scope (TEM) techniques. XRD analysis con-
firmed the existence of BT and CCT as the pri-
mary phases along with CuO and CaTiO3 as the 
minor aspects. The average grain sizes obtained 
by SEM analysis were found to be around 269 
nm, 309 nm, 342 nm, and 734 nm for sintering 
durations 3, 6, 9 & 12 h respectively. TEM 
analysis showed the particle size in the range of 
35±15 nm. The surface morphology was ana-
lyzed by atomic force microscopy (AFM).The 
sample sintered for three h exhibited very high 
dielectric constant (ɛr ~ 31967) at 1 kHz and 
333 K. The presence of semiconducting grains 
with the insulating grain boundaries significant-
ly attributes to such a high dielectric constant 
value, supporting the internal barrier layer ca-
pacitance (IBLC) mechanism operative in BT-
CCT nanocomposite. 

Keywords: Solid state route; Nanocomposite; 
X-ray diffraction; Dielectric constant. 
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Abstract: 
At present, there are many environmental pollu-
tion problems due to rapid industrial develop-
ment and indiscreet use of fossil fuels. Among 
them, the effects of global warming due to the 
increase of atmospheric CO2 concentration are 
very serious. Therefore, many researches and 
policies are in progress to solve this problem in 
various fields. Carbon capture and storage 
(CCS) is one of the most studied methods for 
reducing the concentration of atmospheric CO2. 
CCS is the technology that captures, transports, 
and stores CO2 emitted from power plants or 
factories that can emit large amounts of CO2. 
However, it has cost disadvantages and required 
much research at the national level in the future. 
Hereby we propose a new method for reducing 
the atmospheric CO2 concentration. We have 
succeeded in producing Zn-Al:LDH which is 
one of the Layered Double Hydroxide (LDH) 
materials currently being studied in electrical, 
mechanical and construction fields using Al 
doped ZnO (AZO) thin film and water. LDH is 
a structure that Carbonate ions (CO3

2-) are 
trapped in between two hydroxide layers. After 
LDH formation, the CO2 concentration in water 
was decreased and then it was recovered again 
with time. These mechanisms can be used to 
reduce the atmospheric CO2 concentration while 
creating LDH in the real industry. For this rea-
son, we will confirm that possibility of LDH 
formation using Al-doped MgO and Al-doped 
Fe2O3 etc. and compare the CO2 consumption 
while making LDH using each material. We will 
also compare the LDH formation time with 
temperature and pressure. Through this study, it 
is expected to present a new direction for the 
environmental problem caused by the atmos-
pheric CO2 concentration. 

Keywords: LDH, CO2 reduction, FTS sputter-
ing 

 
Figure 1: Fabrication of Layered Double Hy-
droxide using atmospheric carbon dioxide. 
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Abstract: 
Liposomes (or vesicles) have been emerged as 
one of the most advantageous delivery vehicles 
for the various drugs. They are self-closed 
spherical lipid bilayer structures in which a vol-
ume of the aqueous solution is entrapped by in-
ner core. They are usually formed because the 
accumulation of lipid molecule yields entropi-
cally favourable conditions of minimal free en-
ergy in an energetically favourable manner. To 
date there have been several methods for the 
liposomes synthesis but most of them involve 
complex and tedious technique. Here we present 
an inexpensive, simple, and rapid approach for 
preparing a wide range of unilamellar liposomes 
by a static phase interdiffusion method. This 
single step novel  preparation technique is suita-
ble for reliably synthesizing monodisperse and 
unilamellar vesicles with a wide range of size 
(150-500 nm) and low polydispersity (PDI < 
0.2). In addition, the present technique doesn’t 
require any post processing steps such as soni-
cation, or extrusion. Liposomes can be observed 
within 10-15 min and have a long shelf life. The 
principle of vesicles formation is based on the 
diffusion driven process of two miscible phases. 
Process involves the self assembly of lipids into 
liposomes as ethanol speedily diffuses into 
aqueous phase. Moreover, size of the liposomes 
can be easily tuned by temperature and type of 
the lipid only. The experimental conditions in 
this method reveal that the lipid concentration, 
time duration of experiment, length of lipid 
phase, ethanol content, and pH have very little 
influence on the liposomes mean diameter. Fur-
thermore, it is also shown that the rate of etha-
nol evaporation with time does not have any 
significant influence on the vesicles size, point-
ing out that the process is controlled by the rate 
of interdiffusion of the two miscible phases.  
 
We anticipate that with this simple and efficient 
technique, the finding of novel liposomal for-
mulations can be better investigated and more 
widely administered in clinical settings. 
 
 

Keywords: Self-assembly, diffusive mixing, 
Unilamellar liposomes, drug encapsulation, bi-
omedical applications. 
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Abstract: 
Biomedical agents based on self-assembly of 
nanoparticles via non-covalent molecular inter-
faces promise to become an important milestone 
in development of nanomedicine due to easily 
adjustable composition, size and functionality. 
Here, we demonstrate the capabilities of local-
ized surface plasmon resonance (SPR) phenom-
enon to study non-covalent interactions not just 
between plasmonic particles, but between gold 
nanoparticles (AuNP) and non-plasmonic ones. 
We show its potential to study assembly and 
performance of a novel type of advanced smart 
materials, namely, biocomputing agents. These 
agents, self-assembled from nanoparticles via 
biomolecular interfaces such as proteins, DNA, 
etc., can analyze presence of biomolecular in-
puts according to Boolean logic and undergo the 
input-induced disassembly implementing the 
proper output action. Using UV-Vis spectrosco-
py to monitor the assembly/disassembly pro-
cesses of the basic YES-gate structure that con-
sists of a polymer core particle with and gold 
nanoparticles associated on its surface we found 
that the structure transformations are well-
characterized by pronounced difference in SPR 
spectral band position (shifting up to 50 nm). 
This SPR shift correlates remarkably well with 
biochemical estimation of the of assem-
bly/disassembly, and can provide valuable real-
time kinetic analysis. We believe that the ob-
tained data can be easily extended to other non-
plasmonic nanoparticle systems with similar 
chemical and colloidal properties. SPR method 
can become a valuable addition to analytical 
toolbox for characterization of self-assembled 
smart nanosystems used in biosensing, imaging, 
controlled release and other applications. 

Keywords: Surface plasmon resonance, gold 
nanoparticles, smart materials, self-assembling 
systems, molecular logic gates 

Figure 1: Illustration of SPR methods for char-
acterization of assembly/disassembly of gold 
nanoparticles on the surface of the core particle: 
top – probing the density of surface coverage; 
bottom – fabrication of YES-gate structure and 
its operation. 
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Abstract: 

Over the last decade, colloidal-based applications 

and nanodevices have been multiplied, benefiting 

from the miniaturization trend and the unique 

properties of used nano-objects appearing at the 

nanoscale. Their fabrication requires directing 

the assembly of colloidal nano-objects from their 

suspension onto predefined areas of rigid or 

flexible substrates. To achieve this step, our 

research team has been working on the so called 

nanoxerography technique, a process that uses 

electrostatic patterns written into electret thin 

films to trap charged and/or polarizable colloidal 

nanoparticles. It recently lead to the conception 

of  an anti-counterfeiting marker based on 

photoluminescent NaYF4:Yb:Er nanocrystals 

where charges patterns forming a micro QR code 

were written owing to an electrically polarized 

Atomic Force Microscope (AFM) tip [1]. 

Nevertheless, to scale up the fabrication of such 

anti-counterfeiting solutions, the sequential 

nature of the AFM charge writing is 

inappropriate since it cannot meet the needs of 

industrial production in terms of speed. The aim 

of this work was thus to adapt and optimize the 

charge writing step of the nanoxerography 

protocol to fulfill these industrial requirements.  

To tackle this technological bottleneck, we 

investigated the electrical micro-contact printing 

method (e-µCP) originally developed by Jacobs 

and Whitesides [2]. In e-µCP, the parallel 

injection of charge patterns is ensured by a 

conductive flexible stamp featuring bas relief 

micropatterns of desired geometries which then 

acts as the top electrode facing the electret thin 

film. Derivated from the standard soft 

lithography micro-contact printing process,  e-

µCP is consistent with fast and low-cost 

fabrication of colloidal-based structures since it 

exhibits large-area surface-patterning capabilities 

and experimental simplicity allowing parallel 

charge injection in one step over one centimeter 

square [2,3,4]. Nevertheless, the initial 

architecture of the flexible electrode- an Au 

coated-silicone PolyDiMethylSiloxane (PDMS) 

stamp- suffers from intrinsic drawbacks: a costly 

and complex metallization step, the formation of 

wrinkles and/or cracks on the gold surface, the 

sagging/collapse of the structures and a low 

stamp durability. In order to overcome these 

limitations and step forward to mass production, 

we fabricated Au coated-thermoplastic stamps 

with higher Young’s modulus and surface energy 

than PDMS to improve the mechanical resistance 

of the stamp and make the metallization cheaper 

and easier while reducing mechanical stress in 

the gold film. Consequently, we microstructured 

COC (Cyclic Olefin Copolymer) films by 

capillary force lithography [5] over substrates as 

large as a 4 inch diameter in few minutes and 

performed gold thin film deposition using cheap 

thermal evaporation. We demonstrated the 

capability of these thermoplastic-based stamps to 

inject electrical charges over 4 inch diameter 

surfaces with better geometric versatility and 

mechanical resistance than PDMS-based stamps. 

Finally, we were able to realize homogenous 

charge injections for hundreds of e-µCP 

processes, paving the way of fast and low-cost 

fabrication of hundreds of thousands micro-sized 

anti-counterfeiting tags made of assembly of 

photoluminescent CdSe@CdS quantum dots.  

Keywords:  

Nanoxerography, electrical micro-contact 

printing, directed assembly, nano-objects, 

colloidal-based applications 



 

 

 

 

Figure 1. Fabrication of  photoluminescent anti-

counterfeinting markers through the optimization 

of the e-µCP nanoxerography process 
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Abstract: 
Modern society has damaged by various types 
of bacteria and viruses occur, such as Staphylo-
coccus aureus, Salmonella, and E. coli, are liv-
ing while touching in our life. To prevent these 
hazards, a varieties of antibiotics and drugs have 
been developed for eliminated the disease 
caused by microbial infection. Silver nanoparti-
cles (NPs) and ions are known to have a strong 
inhibitory effect on these microorganisms. As a 
result, have been produced various antibacterial 
products, it is widely are commercialized anti-
microbial films using silver NPs and ions. Re-
cently, the environmental problems have been 
raised by the Silver ions released in the water 
from antibacterial products. Therefore, instead 
of Ag NPs, most studies have focused mainly on 
ZnO NPs to accomplish an antibacterial effect. 
But, Zinc ions also above a limited amount that 
were released into the water from the ZnO films 
could be very harmful to humans. Some report 
addressed the strong drawbacks of Zn ion re-
lease when the ZnO films came into contact 
with water. 
ZnO and Al doped ZnO (AZO) 30 nm-thick 
films deposited at room temperature onto a glass 
substrate by RF sputtering. The 30 nm-thick 
ZnO and AZO films showed a high transmit-
tance (∼ 91.3%) comparable to that of a glass 
substrate at a wavelength of 550 nm. The ZnO 
based films showed strong antibacterial activity 
more than 99.99% against E. coli and S. aureus 
bacteria by film attachment method (JIS Z 
2801). However, in these cases of ZnO and low 
Al doped ZnO (Al 3 ~ 10 at%), it has a problem 
that Zn or Al is dissolved in the water and acid. 
Therefore, increasing the transparency and sta-
bility of ZnO thin film through a change of the 
Al doping amount to 0 ~ 90 at%, made an anti-
bacterial films has not been dissolved in the wa-
ter and acid. Also, this study discusses the char-
acterization of Al doped ZnO based thin films 
and the mechanism of their antibacterial activi-
ty. 

Keywords: Sputtering, Antibacterial Activity, 
Al doped ZnO, Zn release 

 
Figure 1: Actual images of the incubated bacte-
ria onto AZO film and without films (Blank) 
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Abstract: 
The attractive properties of tungsten 
carbide (WC) are high melting point, high 
hardness, high thermal and electrical 
conductivities, and relatively high 
chemical stability. However, it is a very 
brittle material. This in turn reduces the 
tool lives in industries due to the failures 
after a certain amount of time. The 
dispersion of brittle tungsten carbide 
particles into the ductile cobalt metal 
continuous phase has provided enhancing 
mechanical properties of hardness and 
toughness. However, the characteristic of 
the ductile cobalt binder that generate 
optimum toughness is yet to be adequately 
established. In this paper, the preparation 
of WC powder with 6% cobalt (Co) and 
graphene (0.2%) by high energy rate ball 
milling and ultrasonification is described. 
This powder mixture was sintered using 
spark plasma sintering at 1250°C for 10 
minutes. The addition of graphene 
nanoplatelets (GNPs) improves the 
densification and fracture toughness of 
WC upto about 100% through mechanisms 
such as GNP bending, pull-out, grain 
wrapping, crack bridging, and crack 
deflection.   The effects of graphene 
reinforcement and spark plasma sintering 
were studied by analyzing the physical 
(density), magnetic (coercivity, and 
magnetic saturation) microstructural 
(porosity) and mechanical properties 
(hardness, fracture toughness) of the 
composite. 
 
 

Keywords: Fabrication, Characterization, 
Graphene, Tungsten Carbide, Cobalt, 
Composit	



 
 
 
 
 
 
 
 
 

Session III: Nanocharaterisation / 
Nanometrology 

 



Modelling	the	particle	size	dependent	surface	charging	
of	nanoparticles	

Z.	Abbas	
University	of	Gotheburg,	Department	of	Chemistry	and	Molecular	Biology,	Gothenburg,	Sweden	

	
Abstract: 
Synthesis of nanoparticles of different sizes, 
determination of their surface/interfacial 
properties and modelling are challenging tasks. 
In the field of modelling inclusion of curvature 
at the particle solution interface and effects of 
enhanced screening due to the curvature of 
double layer are necessary to include in theory. 
A simple theory based on classical density 
functional approach so called Corrected Debye 
Hückel (CDH) theory will be presented. The 
feasibility  of the CDH theory in accurately 
describing the surface charging behaviour of 
SiO2, TiO2 and iron oxide nanoparticles of 
diameters ranging from 1 to 100 nm will be 
presented. The theoretical predictions of the 
CDH theory are that the particles of diameter 
less than 15 nm start to behave like molecules 
which leads to enhanced screening and 
increased surface charge density.  The 
theoretical predictions are in very good 
agreement with the Monte Carlo simulations 
as well as with the experimental data.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keywords: silica, nanoparticles, Corrected 
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Abstract: 
The use of nanomaterials for the production of 
consumer goods such as food, cosmetics, medi-
cines, hygiene products and clothing raises in-
teresting questions about the effects of the inter-
action between nanomaterials with human body 
and environment. Thus, for these studies it is 
extremely important to have reliable and repeat-
able tools for measuring and characterizing na-
nometric objects that offer better performances 
than traditional analysis methods. Among clas-
sical techniques, electronic and atomic force 
microscopy are time consuming and need labo-
rious sample preparation, particle tracking or 
dynamic light scattering require assumptions 
about shape and size distribution of the objects 
to be measured while methods inspired by Coul-
ter counter systems cannot provide high resolu-
tion because of the short detection time. 
Here, we report a novel technique [1] based on 
simultaneous optical and electrical detection of 
nanoparticles passing through a nanochannel 
patterned on a nanofluidic lab-on-chip device. 
We perform electrical measurements of nano-
particles passing, one at a time, through a 250 
nm deep nanochannel and measure their optical 
traces while entering and exiting it. The combi-
nation of such two independent methods im-
proves the reliability of size measurements and, 
at the same time, offers the possibility of inves-
tigating other properties such as the particle 
shape, surface charge, specific interactions with 
the walls of the device. 

Keywords: nanofluidics, nanochannels, nano-
particles, electro-optical measurements, lab-on-
chip, elastomeric material, PDMS 

 
Figure 1: a) PDMS device with a single na-
nochannel connecting two microchannels, b) 
scheme of the experimental set-up for electro-
optical measurements. 
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Abstract: 
The Bristol NanoESCA Facility is the newest 
and one of the most advanced surface analysis 
instruments in UK. The facility is located at the 
Centre for NanoScience and Quantum Infor-
mation at the University of Bristol in the quiet-
est ultra-low noise laboratory in Europe. 
The three main characterization techniques of 
the facility are: NanoESCA II Photoemission 
Electron Microscope (PEEM), high-resolution 
X-ray Photoelectron Spectroscopy (XPS) and 
Spot Profile Analysis Low Energy Electron Dif-
fraction (SPA-LEED). 
The NanoESCA II offers PEEM with a lateral 
resolution of 25 nm, image field of view can 
vary from 1100 µm to 5 µm. It is possible to 
analyze the band structure of the materials by 
means of Micron-scale Angle-Resolved Photo-
emission Spectroscopy (µ-ARPES) in regions as 
small as 3 µm with an energy resolution of 23 
meV at 28 K.  
The XPS ARGUS analyzer can operate in snap-
shot mode for real time analysis and mapping 
mode with resolution of 60 µm. The overall en-
ergy resolution of the XPS is less than 300 meV. 
The SPA-LEED is used to determine strains and 
defects of single crystal materials by means of a 
quantitative 1D and 2D k-space analysis. 
This facility has an extraordinary surface sensi-
tivity therefore samples are usually prepared in-
situ by annealing or sputtering with inert gases. 
It is also possible to transfer samples under ul-
tra-high vacuum (UHV) conditions from and to 
other facilities, e.g. synchrotron beamlines, us-
ing a UHV suitcase.  
The facility’s aim is to help research groups and 
industries to investigate advanced materials us-
ing cutting edge instrumentation and a range of 
specialized light sources.  
Examples of the latest studies are:  
• analyses of commercial graphene and epi-

taxial graphene to observe the number of 
layers, quantify impurities and study the 
band structure by µ-ARPES1; 

• studies on new photovoltaic materials, such 
as CZTS, with work function maps and µ-
valence band spectroscopy,  

• depth profiling XPS and valence band spec-
troscopy of uranium oxide/nitride interfaces. 

Moreover, we characterize by XPS a variety of 
materials such as: catalysts2, biosensors, stain-
less steel samples, reactor ashes, semiconductor 
films etc. 
The Bristol NanoESCA facility is a unique tool 
to study materials at the nanoscale, its surface 
sensitivity makes it suitable to study innovative 
atomically thick 2D materials. 

Keywords: X-ray Photoelectron Spectroscopy, 
Low Energy Electron Diffraction, Photoemis-
sion Electron Microscopy, work function maps, 
µ- Angle-Resolved Photoemission Spectrosco-
py. 

 
Figure 1: Picture of the Bristol NanoESCA Fa-
cility located in the ultra-low noise lab of the 
University of Bristol. 
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Abstract: 
The basis of nanotechnology is the nanoparticle.  
Due to the high ratio of surface to volume at-
oms, nanoparticles behave differently to their 
bulk counterparts: examples include enhanced 
mechanical strength; enhanced solar radiation 
absorption and superparamagnetism. These 
properties are size dependent and so in order to 
safely use the particles the ability to manufac-
ture a specific size and also an understanding of 
their size dependent behaviour is critical. 
 
In this talk we will describe two mathematically 
related issues regarding nanoparticle production 
and phase change: 
 
1. Synthesis of monodisperse nanocrystal. 
Due to its ease of use and flexibility, precipita-
tion of nanoparticles from solution is one of the 
most widely used synthesis methods. The main 
disadvantage of this method is that the relation-
ship between particle growth and system condi-
tions is not fully understood. In practice, the 
optimal reaction conditions are usually ascer-
tained empirically or intuitively. In this part of 
the talk we consider the impact of size focussing 
and defocussing (or Ostwald ripening) on the 
evolution of the nanoparticle size distribution 
and also strategies for optimal growth. 
 
2. Nanoparticle melting 
The mathematics of phase change is a well es-
tablished field. However, as we move towards 
the nanoscale standard theories break down due 
to the size dependence of previously constant 
quantities. Here we describe a new model for 
nanoparticle melting that accounts for decreases 
in melt temperature, latent heat and surface en-
ergy. We also discuss the effect of non-Fourier 
heat transfer on the system. 
 
In both cases the mathematical models involve 
diffusion (of heat or monomer in solution). The 
solution of the mathematical model allows us to 
propose improved methods for system control. 

Keywords: Nanoparticle synthesis from solu-
tion, Size focusing, Optimal growth, Nanoparti-
cle melting, Phase change, Diffusion.   

 
Figure 1: Evolution of the average radius in nm 
of a group of CdSe nanoparticles (dotted line) 
and corresponding experimental data (red line). 
Extra monomer is injected just after 3hrs. 
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Abstract: 
Physical vapor deposition methods are 
commonly used to prepare high-quality thin 
films. If the vapor incidence angle is large 
(q > 70°, with respect to the surface normal), 
nanocolumns are formed. This technique is 
referred to as oblique angle deposition (OAD).  
Hereby the self-shadowing effect is 
maximized, leading to a highly porous thin 
film consisting of separated thin nanostructures 
(Fig. 1). The characteristics of these nano-
structures, like their tilt angle and survival rate 
as well as the porosity of the film, are linked to 
the angle of incidence and some material 
dependent parameters. 
Understanding the relationship between the 
growth conditions and the physical properties 
of the resultant film is crucial for bringing the 
resultant OAD films to application. A few 
common models exist to describe the 
correlation between the angle of incidence and 
the nanostructure tilt angle. These are the 
empirical tangent and cosine rules, as well as 
the recently often discussed fan model [1,2]. 
However, these rules do not describe the 
observed relation sufficiently, as shown in 
Figure 2. 
In this contribution, a model describing the 
growth of OAD nanostructures for the full 
angle of incidence range (0° - 90°) is proposed. 
The model is linked to the fan model, taking 
the shape of a non-shadowed growth front into 
account. Predictions of this model for tilt 
angles and porosities are shown and compared 
to an off-lattice computer simulation as well as 
to deposited films of different materials (e.g. 
Si, Ge, Mo). It is discussed how surface 
diffusion influences the growth of the 
nanostructures and how far this can be covered 
by the proposed model. A look onto the limits 
of these kind of models in specific growth 
regimes is taken. 

Keywords: oblique angle deposition, ballistic 
deposition, shadowing, overhangs, off-lattice 
simulations, nanostructure, self-organization, 
self-assembly, porosity 

 
Figure 1: Simulated (top) and Ge (bottom) 
nanostructures. The obliquely deposited thin 
films are highly porous and consist of 
separated nanostructures, tilted toward the 
incoming particle beam. 

Figure 2: Different commonly used models for 
the relation between the angle of incidence and 
the tilt angle are shown and compared to 
values observed in a computer simulation. The 
prediction of the here proposed model is also 
inserted. 
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Abstract: 
Concentrating Solar Power (CSP) is one of the 
most interesting option as renewable energy to-
day. One option in order to improve the effi-
ciency of these plants is to enhance the thermal 
properties of the heat thermal fluid (HTF) by 
using nanofluids. In this sense, this study pre-
sents an analysis of the stability of NiO nano-
particles on a base fluid composed of the eutec-
tic mixture of diphenyl oxide and biphenyl with 
Benzalkonium Chloride (BAC) and 1-
Octadecanethiol (ODT) as surfactants. The sta-
bility of the nanofluid was analysed using dif-
ferent techniques UV-vis spectroscopy, particle 
size measurements using the dynamic light scat-
tering technique and z potential measurements. 
It is worth noting that the stability of the 
nanofluids improved with the use of BAC. To 
understand the role played by the surfactants in 
the stability of the nanofluid, DFT calculations 
were performed. The interaction of the surfac-
tants with both the base fluid and the NiO (100) 
surface was performed. The interaction of the 
surfactants with the base fluid showed that hy-
drogen bond interactions favour the stability of 
the base fluid-surfactant mixture, what was at-
tested by the QTAIM. The results of the interac-
tion of the surfactants with the NiO (100) sur-
face suggest that the favoured interaction site is 
on the Ni (Figure 1). Moreover, in concordance 
with experimental results, the theoretical results 
show that the nanofluid system with the BAC 
surfactant is the favoured one. 

Keywords: nanofluids, Concentrating Solar 
Power, DFT, heat transfer fluid, surfactant,  
QTAIM, BAC, ODT, specific heat, thermal 
conductivity, nanoparticles. 

 

 
Figure 1: Interaction of BAC on the Ni site of 
NiO (100) surface. 
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Abstract: 
The characterization of nanoparticles has always 
proven to be a challenge, due to the manifold of 
core materials, shapes, sizes, and consequent 
issues these have on analytical techniques. Due 
to the rising interest to use nanoparticles in, for 
example medical applications (e.g. drug delivery 
systems, sensors), it is imperative to find in-
strumentations to cope with accurately charac-
terizing nanoparticles in such complex environ-
ments, such as blood or cell culture media. In 
this project we show the capabilities of Taylor 
Dispersion Analysis to accurately measure hy-
drodynamic sizes of various types of nanoparti-
cles, and the advantages this method has over 
conventional sizing techniques.1 
 
Taylor Dispersion Analysis (TDA) was intro-
duced in the 1950s, but only in recent years has 
it been discovered to have potential to character-
ize nanoparticle size in solution. In short, Taylor 
Dispersion Analysis is an analytical method to 
determine the diffusion coefficient of small 
molecules, proteins, or nanoparticles under flow 
conditions (Figure 1).2  
 
In this project we expand upon the potential of 
TDA by measuring various particle materials, 
including proteins, silica, gold and iron oxide 
nanoparticles. Furthermore we show the ad-
vantages that this technique has over alternative 
measurement techniques, such as dynamic light 
scattering and electron microscopy. Among the 
advantages are the minimal use of sample vol-
ume, detection possibilities (absorbance, scatter-
ing), wide range of particle sizes that can be 
measured, and solvents that particles can be 
measured in. We further demonstrate the future 
potentials that this system has to offer for more 
complex nanoparticle characterization. We 
could show, for the multitude of samples that 
were measured, that we could reliably acquire 
sizes for all materials. Furthermore we could 
show that particles as small as 4 nm in diameter 
could be measured via TDA. We extend the 
study by showing that even very polydisperse 
samples from industrial applications could be 

characterized to an extent, and that measuring 
nanoparticles in complex environments, such as 
complete cell culture media, is possible. In con-
clusion we could show that TDA could be a 
valuable standard tool for nanoparticle charac-
terization in the future. 

Keywords: Taylor Dispersion Analysis, nano-
particle characterization, hydrodynamic size, 
dynamic light scattering, electron microscopy, 
proteins. 

 
Figure 1: A) Schematic illustrating the princi-
ple of Taylor Dispersion Analysis. A nanoparti-
cle sample introduced with a pressure driven 
flow into a narrow bore fused silica capillary, 
will be affected by convection (blue arrows) 
and subsequently increased radial diffusion 
(black arrows), causing a band broadening ef-
fect. The band broadening gives insight into the 
particles diffusion coefficient. B) Idealized sig-
nal obtained during a TDA measurement.  
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Abstract: 
Analytical centrifugation (AC) is a powerful 
technique for the determination of particle size 
distributions. This study evaluates the perfor-
mance for the grouping of particulate substances 
according to the European Commission’s rec-
ommendation on the definition of a nanomateri-
al, which is based on the number-weighted me-
dian size. The repeatability of the measurement 
and the method precision including sample 
preparation, measurement and conversion into 
number-weighted particle size distributions 
were compared.  
Four instrument of analytical centrifugation 
technologies with turbidity detectors are tested 
[1]: Cuvette centrifuges LUMiSizer 610 (radia-
tion at 470nm), LUMiSizer 651 (865nm), disc 
centrifuge DC24000UHR (405nm) and analyti-
cal ultracentrifuge XL-I ProteomeLab Version 
(670nm). Performance tests were carried out for 
a multimodal polystyrene mix and non-spherical 
real-world materials. The intermediate precision 
was determined according to ISO 5725 with two 
grades of barium sulfate (nano and non-nano). 
Measurements were performed in daily tripli-
cates for five days and evaluated using analysis 
of variance (ANOVA). The radiation wave-
lengths of 470nm and 865nm have only a minor 
impact on the number-weighted median sizes, 
but clearly affects the intermediate precision 
that differs from 9.4% to 12.6% relative stand-
ard deviation (figure 1). The impact of sample 
preparation is obvious. The disc centrifuge 
shows a precision (10.3 – 10.9%) and ad-
vantages in detecting nanoparticles but troubles 
with broadly distributed particle size distribu-
tions. The AUC shows a good precision (4.6 - 
7.2%) but the lowest number-weighted median. 
Analytical centrifugation can be recommended 
for the classification of materials according to 
the ECs recommendation for the definition of a 
nanomaterial. This poster presents results of the 
European project NanoDefine, which has re-
ceived funding from the EC's Seventh Frame-

work Programme under Grant Agreement 
n° 604347.  

Keywords: analytical centrifugation, evaluation, 
intermediate precision, nanomaterial detection, 
particle size  

Figure 1: Figure illustrating the measurement 
precision with the method’s intermediate preci-
sion and the respective contributions from with-
in-day and between-day effects for BaSO4 par-
ticles (x50,0 ≈ 42nm) of the cuvette centrifuge. 
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Abstract: 
Sintering nanoparticles (NPs) enables to make 
macroscopic samples while retaining the origi-
nal properties resulting from the small size of 
the starting NPs. Ideally ceramics with nano-
grains and enhanced tenacity are obtained. 
However, sintering may also alter the NPs 
and/or the medium surrounding each of them 
which in turn alters their original functional 
properties. In this work, we consider 5-nm ana-
tase TiO2 and monoclinic ZrO2 NPs and focus 
on the early stages of their sintering so that the 
size of the NPs is hardly changed. Inelastic light 
scattering measurements are used in addition to 
other experimental techniques (XRD, SAXS, 
BET, … ) to follow the changes of the average 
size and surface area. In addition, the low-
frequency Raman spectra enable to monitor the 
acoustic vibrations in the NPs. These confined 
vibrations are the original property of the NPs 
which we tried to preserve. Two challenges had 
to be overcome in this work: 1/ the synthesis of 
gram-quantity of monodisperse NPs was 
achieved using a continuous supercritical water 
setup and 2/ a fast sintering process (SPS) to 
avoid the growth of the NPs. We report a signif-
icant decrease of the scattered light intensity at 
low-frequency as the sintering temperature in-
creases (Figure 1) and as the applied force in-
creases. This is primarily due to the decrease of 
the quasielastic scattering intensity. This de-
crease quantitatively matches the decrease of the 
surface area as measured by the BET method. 
The relative intensity of the acoustic phonon 
peaks was also shown to decrease without any 
substantial change in the peak shapes. This has 
been assigned to the appearance of coupled in-
ter-NP vibrations due to the formation of necks 
between neighbor NPs. At larger temperatures, 
the average size of the NPs increases. These 
results demonstrate that low-frequency inelastic 
light scattering is a suitable tool to study the 
onset of the formation of necks in the first stag-
es of sintering of small NPs. 

Keywords: nanoparticle, sintering, low-
frequency inelastic light scattering. 

 
Figure 1: Low-frequency Raman spectra of an 
anatase TiO2 nanopowder sintered at different 
temperatures in a SPS setup. 
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Abstract: 
Platinum (Pt) is a versatile element in catalysis 
that efficiently mediates a multitude of chemical 
reactions. Due to its high price exceeding that of 
gold, reducing amount of Pt is the major driving 
force in catalysis research. There are two 
strategies to tackle this challenge: to replace 
noble metal by others, less expensive materials; 
and to use platinum as efficiently as possible. In 
this study, we handle both of them by growing 
extremely porous Pt-CeO2 structures.  
In this study, nanometric Pt-ceria thin films 
were characterized by XPS and mainly by TEM 
after elaboration by physical and/or chemical 
vapor deposition. The deposited layers exhibited 
different morphologies linked to the different 
growth conditions. By the optimization and the 
suitable combination of materials we can tune 
the morphology of the catalysts. In addition to 
the substrate type, many effects as the formation 
of carbides or silicates at the interface, an inter-
action of ceria with platinum and the presence 
of the porosity influenced also the structure and 
the chemistry of the deposited layers [1,2]. 
In all samples, HRTEM study indicates that 
crystallites corresponding mainly to CeO2 and to 
a less extent to CeC2 crystallographic structures 
were observed. STEM-EELS measurements 
have been carried out on these nanometric lay-
ers. Data analysis of the M4,5 white lines of ceri-
um have pointed out a variation of cerium oxi-
dation state from Ce4+ to a mixture of Ce3+ and 
Ce4+ depending of the localization of the meas-
urement. Experiments have also been performed 
after deposition on a TEM membrane grid to 
observe directly the pristine layer. 

Keywords: cerium oxide, nanometric thin films, 
fuel cells, transmission electron microscopy, 
electron energy loss spectroscopy 

 

 

 

 

 

 

 

 

Figure 1: Platinum doped cerium oxide depos-
ited on TEM membrane grid. 

Figure 2: STEM-EELS linescan indicating that 
pristine layer is mainly Ce4+. 
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Abstract: 

The SiGe material system is widely used in the 
semiconductor industry and it is thus a very well 
explored material system even though reaching 
the quantum limit opens up further research po-
tential. However the majority of the morpholo-
cial characteristics at the micro- and nanometer 
scale are known and therefore these structures 
are useable as calibration standards for the nano-
metrological characterization methods like AFM 
and TEM. During the epitaxtial fabrication pro-
cess of SiGe based nano-strucures it is possible 
to establish three different growth modes by 
changing the thermodynamical conditions. The-
se modes comprise a 2D layer-by-layer growth 
mode (Frank-van der Merwe), 3D island growth 
mode (Volmer-Weber) and islands on wetting 
layer growth mode (Stranski-Krastanov). Thus, 
different structures, like islands with well de-
fined size and facet angles or surface structures 
with steps of monolayer height can be realized. 
During the 3D growth mode the SiGe quantum 
dots show clearly definded facests. They switch 
from pyramids with only {1 1 3} facets to 
domes having {1 1 3}, {1 0 5} and {15 3 23} 
facets with the corresponding angels of 25.2°, 
11.3° and 33.6°, respectively [1] (Figure 1). The 
facet angles measured with AFM and TEM can 
be used to establish a metrological connection 
between the two characterization methods. 
Structures that are fabricated according to the 
2D layer-by-layer growth mode can be analysed 
with standard AFM where surface steps with 
one or two monolayer height can be resolved 
and used for the height calibration. Together 
with high-resolution TEM images, the SiGe 
nano-structures are perfectly suited to calibrate 
AFM or TEM and to trace them back to the Si 
lattice constant. Finally, two applications of 
nano-metrological measurements are presented. 
First, under certain conditions during Stranski-
Krastanov growth a dislocation network is real-
ized which is clearly visible in AFM measure-
ments. High-resolution TEM images however, 
can additionally be used to measure the degree 
of strain relaxation through the evaluation of 

Moiré fringes. Second, it is shown how TEM is 
used to measure the size and composition of 
nano-crystals which can thus also be used for 
the calibration of the microscope. [2] 

Keywords: AFM, TEM, quantum dots, self-
organization, nano-structures, nano-crystals, 
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Figure 1: Figure illustrating the quantum dot 
characterization with AFM, the metrological 
connection to TEM and the traceability to the Si 
lattice constant. 
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Abstract: 
Graphene, a single sheet of graphite has attracted 
great attention due to its unmatched electrical 
transport, electronic, mechanical and thermal 
properties. This project investigated the 
electronic and morphological structural changes 
in transition metal doped graphene. 
Functionalization or doping induces electronic 
structure perturbations that substantially modify 
the properties of graphene to adapt its use for the 
optoelectronic industry. Primary spectroscopic 
technique that was utilized for this study was 
confocal Raman spectroscopy, Near Edge X-ray 
Absorption Fine Structure (NEXAFS) and atomic 
field microscopy (AFM). Additionally, 
previously measured Hall Effect carrier mobility 
and x-ray magnetic circular dichroism were 
compared with the recent results from Confocal 
Raman spectroscopic measurements. These 
complimentary techniques reveal the correlation 
of doping type (electron or hole doping) and 
density with the perturbations of the graphene π 
band evidenced in NEXAFS and XMCD. Both 
NEXAFS and Raman studies used to probe the 
perturbations of the graphene C- edge and G and 
2D bands that portray the planarity and dopant 
effect in graphene electronic structure.  Results 
from AFM, Raman and mobility experiment 
provided a novel methodology to understand 
extremely high ion mobility of Titanium doped 
graphene in comparison other transition metal 
graphene doped species. It was seen that Ti-
Graphene films had higher surface roughness, 
strain evidenced by AFM measurements. Raman 
Spectroscopy of single layer CVD graphene 
doped with titanium and gold indicated that they 
are both P-type with moderate carrier mobility. 
Measurements will afford us information on how 
the Dirac point would shift with respect to the 

Fermi level upon doping the graphene with 
various transition metals. Further analysis via 
Photoluminescence Spectroscopy (PL), 
NEXAFS will determine the band gap, chemical 
nature of Graphene metal interaction to create 
required size of the engineered bandgap. 
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Abstract: 
By running an electrical current through a metal 
probe tip and a conductive sample, conductive 
probe atomic force microscopy (CP-AFM) can 
not only acquire the sample’s topography but 
also correlate current distributions with specific 
observed spatial features.[1] Being able to iden-
tify nanoscale sized areas of high and low con-
ductivity, has proven especially helpful in the 
semiconductor, photovoltaic, and hard disk 
drive manufacturing. These industries have de-
veloped ever-increasing material processing 
demands which have resulted in more and more 
devices with critical dimensions so small that 
bulk property values can no longer predict their 
behavior. In this investigation, we discuss to-
pography and conductivity data acquired using a 
Park NX10 atomic force microscopy (AFM) 
system to characterize a polymer sheet sample 
embedded with carbon nanotubes (CNTs). The 1 
x 1 µm scan area, with the sample bias set to -
0.3 V, revealed the presence of multiple tube-
like structures present at multiple depths over a 
span of 30-40 nm on the sample surface. Given 
their geometry and their approximate diameters 
measuring in tens of nanometers, these struc-
tures were likely the CNTs embedded in the 
polymer sheet. Further evidence strengthening 
the argument that these structures are CNTs was 
provided in the corresponding current distribu-
tion image. Comparing the topography image to 
the simultaneously acquired current distribution 
image made it clear that the tube-like structures 
correlated to areas of conductivity in excess of 
10 nA. These areas contrasted strongly with are-
as showing nearly no conductivity which are 
believed to be the polymer in which the CNTs 
were embedded in. A second 500 x 500 nm 
scan, also set to a sample bias of -0.3 V, was 
taken to provide a magnified view of the origi-
nal scan area. This zoomed-in scan once again 
correlates the tube-like structures on the surface 
topography to areas of high conductivity, re-
supporting the conclusion that they are CNTs.  

Keywords: atomic force microscopy, AFM, 
conductivity, characterization, carbon nano-
tubes, CNT, conductive probe atomic force mi-
croscopy, CP-AFM, polymer, topography 

 Figure 1: Topography of polymer-CNT sample 
imaged with CP-AFM. The inset red circle de-
notes a region of interest in the sample’s topog-
raphy. Here, multiple tendril-like structures 
flagged as potential CNTs have gathered into a 
large bundle representing some of the tallest 
peaks in the scan area. Scan size: 1 x 1 µm, 
sample bias: -0.3 V. 

   



 

 

   
Figure 2: Polymer-CNT sample topography 
data (top, Figure 1) and current distribution data 
(bottom) all acquired with CP-AFM. The inset 
red squares in each image were later re-scanned 
(Figure 3) to demonstrate the resolution of this 
technique. Scan sizes: 1 x 1 µm, sample bias:     
-0.3 V. 

 
 

 
Figure 3: Polymer-CNT sample topography 
data (left) and current distribution data (right) 
acquired from the lower-right quadrant of Fig-
ure 2’s scan area. The contrast levels of the cur-
rent distribution data have been adjusted from 
Figure 2 to increase the visibility of the CNT 
outlines. Note that major visual landmarks 
(such as the tall CNT in the inset red circles) as 
well as other finer visual details not only match 
in these two images but have also been pre-
served from the earlier, larger scan in Figure 2. 
Scan sizes: 500 x 500 nm, sample bias: -0.3 V. 
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Abstract: 

Optical pickups have been developed over 

several decades for reading and writing of optical 

discs such as CD, DVD and Blu-ray. In 

operation, optical pickups are conducting the 

complex task of automatically 3D tracking and 

reading a spiral of embedded pits on the 

underside of the optical disc that can extend up to 

several tens of kilometers in length and less than 

500 nm in width. This is performed with the use 

of a compact laser and a single quadrant  

photodiode. The optical system makes use of an 

astigmatic lens, which has two focal planes in 

orthogonal axes that focus to different focal 

lengths. When the laser light is focused on the 

disc, the quadrant diode lies in between these two 

focal lengths. The quadrant photodiode can then 

be used to determine if the laser is losing focus 

by measuring which of the two focal lengths it is 

closer to.  

We integrate a DVD optical pickup into high-

speed atomic force microscope to create a novel 

instrument with low build cost and increased 

bandwidth, in addition to being able to perform 

angular monitoring of the cantilever. It has been 

shown in previous studies how optical pickups 

can be incorporated into a range of experimental 

set-ups [1-4], making use of the astigmatic 

detection system. This work builds upon the 

development of the world’s fastest contact mode 

high-speed atomic force microscope conducted 

at the University of Bristol.  

 

Figure 1: A schematic of the optical pickup 

based high-speed AFM used for rapid 
exploration of surface features and properties 

 

By making use of the high throughput and the 

sub-nanometer resolution achieved with a 

modified optical pickup within a bespoke 

instrument, outlined in Figure 1, surface 

properties and nanoparticle identification can be 

conducted on a sub-second timescale. This rapid 

analysis generates large statistical datasets 

allowing sample wide representative properties 

to be measured quickly. Work with the National 

Physical Laboratory (NPL) assesses the 

metrological capabilities of the pickup and seeks 

to ensure measurement traceability.  

Main areas of research interests include bridging 

the nano to micro length scales. Specific 

applications include DNA imaging, 

characterisation of nanoparticles and materials.  

Keywords: 

Optical pickups, nanotool, nanoparticles, 

nanometrology,  2D materials, DNA and high-

speed AFM 
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Abstract: 
Scanning probe microscopy (SPM) is a well 
established tool for the sample imaging and 
characterisation at nanoscale. Various SPM 
techniques have been developed over the years 
in order to study a wide range of physical prop-
erties. They rely on single cantilever-based 
probe that is adopted for concrete application. 
However, the single probe configuration suffers 
from some drawbacks. Therefore, it turns out 
that the use of dual-probe system is highly ad-
vantageous for some applications [1]. This work 
reports on two novel SPM methods which both 
use tailored dual AFM tips. In the first method, 
so called dual-tip magnetic force microscopy 
(DT-MFM), topological and magnetic scans are 
segregated using two different tips (Fig. 1). The 
non-magnetized tip is used for topography only, 
and the magnetized one is used for a magnetic 
field mapping only (it never touch the surface). 
Our experiments show that the dual-tip tech-
nique minimizes the perturbations of the mag-
netic tip. Introduced DT-MFM is perspective  
for exploring of magnetically soft samples.  

The second method has been designed for bio-
applications to study the mechanical properties 
of cells. It consists of two cantilevers; one hav-
ing a sharp tip, the other having a spherically 
blunted tip (Fig. 2). The sharp tip is used for 
topography imaging with high resolution, while 
blunt tip is used for measuring of force distance 
curves. Various biophysical properties of cells 
can be obtained from force spectroscopy, such 
as elasticity, adhesion, hardness, friction, etc. 
[2]. The larger area of probe-cell contact results 
in averaging local variation in the cell rigidity 
compared to the one measured with a regular 
sharp probe. Therefore, the measurement time 
becomes shorter and, moreover, there is no risk 
that tip will penetrate into soft cell. The switch-
ing between sharp and blunt tip is realized by 
means of integrated magnetostrictive actuator. 

Keywords: SPM tip prototype fabrication, 
magnetic force microscopy, force spectroscopy, 
cell indentation. 

 
Figure 1: Principle of the dual-tip MFM tech-
nique. Topography is performed by non-
magnetic Tip1 at the resonant frequency f1, and 
the phase shift is evaluated by magnetic Tip2 at 
the resonant frequency f2.  

 

Figure 2. SEM micrograph of dual-tip designed 
for force spectroscopy. The sharper tip (right) is 
used for topography, and larger tip (left) is used 
for spectroscopy measurement. 
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Abstract  
Graphene, an allotrope of carbon and the two-
dimensional form of bulk graphite, consists of 
only a single layer of sp2 hybridized carbon 
atoms arranged in a honeycomb lattice. Owing 
to its atomic thickness and high mechanical 
strength, graphene has attracted widespread 
attention as a potential membrane for seawater 
desalination, nanopore-based osmotic power 
harvesting, and DNA sequencing applications. 
However, in order to realize the true potential of 
graphene in these applications, it is imperative to 
develop a deeper understanding of the way in 
which water molecules interact with graphene. 
Previous simulation studies on the wetting of 
graphene and highly-ordered pyrolytic graphite 
have assumed that water molecules interact with 
carbon atoms in graphene through weak pair-
wise additive dispersion interactions. However, 
when graphene comes in contact with a polar 
solvent like water, the water molecules exert a 
finite electric field on the carbon atoms in 
graphene. This electric field distorts the charge 
distribution in graphene and results in the 
generation of induced charges which then 
interact with the permanent dipoles of water 
molecules. In this talk, using force-field 
molecular dynamics simulations with parameters 
determined from first-principles calculations, we 
discuss the effect of the dielectric polarization of 
graphene on the contact angle of water on 
graphene and highly-ordered pyrolytic graphite. 
Our study, for the first time, reveals that the 
electric field felt by the carbon atoms in 
graphene depends on the orientation of water 
molecules in the interfacial layer, which results 
in a strong non-linear dependence of the electric 
field on the static dipole polarizability of 
graphene. Our results also show that polarization 
(permanent dipole – induced dipole interactions) 
has a more pronounced effect on the interfacial 

entropy compared to dispersion (induced dipole 
– induced dipole interactions). As a result, these 
effects contribute differently to the wetting of 
graphitic surfaces. Our theoretical estimation of 
63° for the contact angle of water on highly-
ordered pyrolytic graphite is in excellent 
agreement with recent experimental data which 
report a contact angle value in the range of 62-
68°. 
 
Keywords  
Graphene, contact angle, ab-initio calculations, 
molecular dynamics simulations, dielectric 
polarization, electric field, wetting properties, 
interfacial phenomena.  
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Abstract 
The controlled synthesis of molybdenum 
disulfide (MoS2) using liquid-phase 
exfoliation, as well as several of its proposed 
applications, involve liquids coming into 
intimate contact with MoS2 surfaces. 
Molecular dynamics (MD) simulations offer 
a robust methodology to investigate 
nanomaterial/liquid interactions involving 
weak van der Waals forces. However, MD 
force fields for MoS2 currently available in 
the literature incorrectly describe not only 
the cohesive interactions between layers of 
MoS2, but also the adhesive interactions of 
MoS2 with liquids such as water. In this talk, 
we outline the development of a set of force-
field parameters that reproduce the 
properties of bulk 2H molybdenite, with 
special attention to the distinction between 
the covalent, intra-layer terms and the non-
covalent, inter-layer Coulombic and van der 
Waals interactions. The resulting model is 
compatible with MD force fields for organic 
compounds, and can correctly describe the 
interactions of MoS2 with liquids, yielding 
excellent agreement with experimental 
contact angles for water and diiodomethane. 
Potential of mean force (PMF) calculations 
using various solvents, including 
isopropanol (IPA), water (H2O), dimethyl 
sulfoxide (DMSO), dimethylformamide 
(DMF), and N-methyl-2-pyrrolidone 
(NMP), demonstrate that the use of our force 
field can explain the current selection of 
solvents used in experimental studies of the 

liquid-phase exfoliation of MoS2 flakes, as 
well as the observed colloidal stability of the 
resulting dispersion. Our new force field 
enables an accurate description of MoS2 
interfaces, thereby paving the way for the 
simulation-aided design in applications 
including membranes, microfluidic devices, 
and sensors. In addition, it enables a deeper 
understanding of the extent to which 
dispersion interactions and electrostatics 
determine the wetting and frictional 
properties of this material. 

Keywords 
Wetting, contact angle, friction, water, 
MoS2, layered materials, exfoliation, 
solvents, colloidal dispersion 



Synthesis and characterization of iodinated polymer particles and use 
as a contrast agent for tomography using a spectral scanner 

 

Joëlle Balegamire1*, Daniel Bar-Ness2,3, Yves Chevalier1, Hatem Fessi1, Salim Si-Mohamed2,4, 
Monica Sigovan2,4, Marc Vandamme5, Emmanuel Chereul5, Loïc Boussel2,4, Philippe Douek2,4 

 
1LAGEP, CNRS UMR 5007, UCB Lyon 1, 69622 Villeurbanne, France 

2CREATIS, CNRS UMR 5220, INSERM U630, UCB Lyon 1, 69621 Villeurbanne, France 
3CERMEP, 69677 Bron, France 

4Hospices Civils de Lyon, Radiology Department, 69677 Bron, France 
5VOXCAN, 69280 Marcy-l'Étoile, France 

*joelle.balegamireniv-lyon1.fr 

Abstract : 

Contrary to conventional Computed Tomography (CT) that provide a single attenuation measurement, 

Dual Energy scanners (two attenuations at different energy ranges) and recent prototypes of Spectral Photon 

Counting CT (SPCCT), can discriminate between different elements by recording the energy spectrum of the 

tissues attenuation at each voxel of the image. This allows material decomposition that provides quantitative 

determination of the concentration of a specific element. Iodine-based materials are widely used and efficient 

contrast agents for CT scanners. Contrast agents in the form of nanoparticles that specifically bind to the tissue 

to be imaged, provide contrast enhancement in respect to small molecules. The purpose of this study is to 

combine the SPCCT technology and contrast agents as nanoparticles. In order to do so, iodinated polymer 

nanoparticles were designed, to be used as contrast agents for the SPCCT. 

 

The iodinated polymer material was prepared by covalently 

linking an iodinated molecule onto Poly (vinyl alcohol) (PVAL 13 

kDa) (Figure 1). The radiopaque moieties were successfully 

incorporated onto the polymer and the grafting rate (degree of 

substitution, DS), calculated from the 1H NMR spectrum, was over 50 

mol%. The iodine content determined from the DS was over 70 wt%. 

Elemental analysis for iodine content confirmed these results. 

 

Nanoparticles of iodinated polymers were prepared using the 

Nano-precipitation method. Dynamic Light Scattering (DLS) and 

Cryogenic Transmission Electron Microscopy (Cryo-TEM) measured 

particle size. Nanoparticles were stable and well-separated (Figure 2) 

and their mean diameter was in the 40 – 200 nm range, depending on 

the concentration of polymer. 

 

Radio-opacity of the contrast agents and sensitivity of the 

scanner for iodine were evaluated in-vitro on phantoms prepared with 

suspensions of contrast agents at different concentrations (Figure 3). 

Bio-distribution was studied in-vivo by experiments performed on 
small animals (intravenous injections to rabbits). Such measurements 

were performed on a conventional CT and on the SPCCT for the sake 

of comparison.  

 
“The project leading to this document has received funding from the European Union’s Horizon 2020 research and 

innovation program under grant agreement No 643694”. 
www.SPCCT.eu 

Figure 3.Phantoms prepared with suspensions of 

iodinated polymer in water at different concentrations. 

(JB48). 

Figure 2. Cryo-TEM images of aqueous dispersions of 

iodinate polymer  at different concentrations JB43 

and JB48 (A & B) and block co-polymer PCL-b-PEG 

micelles (C ). 

Figure 1. Iodinated polymer synthesis: covalent 

linkage of 2,3,5-triiodobenzoic chloride onto 

poly(vinyl alcohol) 

http://www.spcct.eu/
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Abstract: 

Magnetic fluid has three main constituents: super 

paramagnetism particle such as magnetite and 

composite ferrite, a surfactant, and base liquid 

such as water or oil. The surfactant coats the 

ferromagnetic particles, each of which has a 

diameter of 10 nm. In this study, magnetite 

powder is produced using the co-precipitation 

method. First Fe2Cl·4H2O (3.97 g, 0.02 mol) and 

FeCl3·6H2O (5g) are dissolved in 50 mL DI 

while stirring at 500 rpm for 30 min. Next, 2M 

NH4OH aqueous solution is added dropwise, at a 

rate of 5 mL per minute. The color of the solution 

slowly turns from brown to black, and magnetite 

particles are formed. The powder is then washed 

10 times by distilled  water and is desiccated at 

80℃ for 10 hours in an atmosphere of N2. The 

dessicated powder  is altered with its 

concentration by using a fluorinate surfactant and 

dispersed by ultrasonic wave for 3 hours. By 

using ethanol and distilled water, the powder is 

washed and desiccated at 80℃ for 10 hours in 

vaccum. The powder is then pulverized and 

dispersed magnetization value of the powder was 

measured as 79 emu/g by using Vibration Sample 

Magnetometer(VSM). The averages particles 

size of the powder was determined as 12 nm by 

using TEM. The magnetic fluid fabricated by the 

ball mill process had the shape of a spike, as was 

comfirmed by applying a magnetic field.   

Keywords: Magnetite, Dispersion, Super 

paramagnetism, Surfactant, 

 

 

 

 

 

Figure 1: Fabrication of magnetic fluid using 

Fe3O4 nano powder. 
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Abstract: 
The scattering and absorption efficiencies of 
light by a single silicon/silica/gold spherical 
multishell in biological tissue are analyzed theo-
retically in the framework of Lorenz-Mie theory 
and finite-difference-time-domain formalism. 
We first revised the ideal case of a concentric 
silicon/gold nanoshell, then we analyzed the 
effect of growing a silica layer of uniform 
thickness around the silicon core, and finally we 
examined the effect of an offset of the gold-shell 
with respect to the center of the silicon/silica 
nanoshell. Our simulation showed that the sili-
con/gold nanoshell in the biological tissue sup-
ports significant absorption and scattering reso-
nances in the biological spectral window. On the 
other hand, the growth of a silica layer on the 
silicon-core surface leads to a blue shift of these 
resonances accompanied by a slight increase of 
their magnitudes. The offset of the gold-shell 
with respect to the silicon/silica core results in a 
redshift of the absorption (Figure 1) and scatter-
ing resonances supported by the concentric sili-
con/silica/gold multishell within the biological 
window, accompanied by a decrease in their 
amplitudes. On the other hand, the gold-shell 
offset gives rise to a more prominent electric-
field enhancement at the interface sili-
con/silica/gold multishell-biological tissue. Our 
simulation thus shows that the deviation from an 
ideal silicon/gold nanoshell due to the growth of 
a silica layer on the silicon surface and/or a 
gold-shell offset with respect to the silicon/silica 
core in no way diminishes the quality of its op-
tical response within the biological spectral 
window, thus making these nanostructures po-
tential candidates in bioimaging and photo-
thermal-therapy applications.  

Keywords: optical properties; silicon-silica-
gold multishell nanoparticle; Mie theory; 
FDTD method; modeling and simulation. 

Figure 1: The absorption efficiency computed 
for a single Si/SiO2/Au eccentric multishell in 
biological tissue as a function of the incident 
light wavelength l for different values of the 
gold-shell offset d.    
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Abstract: 
Chemical processes performed or promoted by 
inorganic nanoparticles in physiological condi-
tions allows to monitore and manipulate biolog-
ical states, from its catalytic properties, as ROS 
quenchers CeO2 NPs, to coordination chemis-
try, for the pH controlled release of antitumoral 
agents, first developed with polynmers and then 
gold NPs, or the use the aggregate state of a 
compound in the form of a NP which progres-
sively dissolves or corrodes, as a carrier of it-
self, as curcumin or iron oxide nanoparticles, 
and providing cations and electrons when dis-
solving affecting cellular REDOX state 
(metabolsim). A case that is already in the clinic 
is the use of feromuxitol to treat ferropenic ae-
nemia. Other more subtless alterations of the 
reactivity of the biomolecules is observed in the 
case of therapeutic antibodies linked to NPs. In 
this chemical approach is also important to un-
veil the special features that rise in the pharma-
cokinetic models when working with nanoparti-
cles, very different from the small drug standard 
pharmacokinetical models.  
Due to their higher percentage of surface atoms 
and their colloidal nature, NPs experience pro-
cesses that transform them towards more stable 
thermodynamic states -driven by the minimiza-
tion of their reactivity- which is translated into 
high rates of oxidation, dissolution, aggregation 
and interaction with proteins. Aggregation, that 
is colloidal stability, has a significant influence 
on the reactivity, bioavailability and pharmaco-
kinetic of NPs, having long been recognized that 
the effective size can mediate their toxicity, as 
in the case of asbestosis, industrial aerosols and 
ambient particulate matter. Similarly, oxidative 
dissolution favors the chemical dissolution of 
the NPs, affecting their persistence and promot-
ing the release of ionic species. The physico-
chemical state of the NPs also play a role in 
their interaction with media proteins, and the 
subsequent nature of the protein corona around 
them (the so-called soft and hard corona), inevi-
tably providing them with new biological identi-
ty, which determines their physiological re-
sponse including cellular uptake, biodistribution 

and toxicity. Although the extent of each indi-
vidual process, determined by the intrinsic prop-
erties of the NPs (material, size, shape, concen-
tration, crystallinity, surface charge and coating) 
and the nature of the media in which they are 
dispersed (ionic strength, protein concentration, 
pH…), can be studied separately, the fact that 
the greatest NP transformation occur within the 
same time scale (from minutes to hours of expo-
sure) it is translated into the overlapping and 
competition between all the different processes 
involved. Thus, it is common to observe that 
NPs are instable and tends to aggregate after 
their exposure to cell culture media and that 
they corrode while being coated by proteins. As 
a result of this complexity, it is critical to fully 
understand the transformation kinetics of NPs in 
biological systems. In this regard, the under-
standing of these transformations not only may 
help to better interpret the biological effects of 
NPs, but also assists in designing the desired 
NPs for specific purposes. Finally, a NP surface 
must have charges to organize surrounding ions 
and control interactions with the surrounding 
media1 (e.g.:Ca2+ ions interferes between sur-
faces and proteins in implants). Indeed, drug 
penetration and distribution properties have 
been related to the electrostatic water envelop 
that surrounds it. This chemical approach will 
contribute to the development of tools for medi-
cine and consequently nanomedicine.  

                                                                    
1 More than a century ago, Franz Hofmeister recog-
nized that ions with identical charge precipitate pro-
teins to differing extents. It was later discovered that 
equally charged ions exhibit opposite tendencies. 
Indeed, the Hofmeister series can be observed for 
many interfacial phenomena, usually when the De-
bye length is small, as in the NPs object of this study. 
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Abstract: 
Targeted approaches to deliver  anti-cancer 
drugs have the potential to achieve improved 
efficacy and at the same time reduced side ef-
fects. In fact, this is one of the cornerstones of 
nanomedicine.  
We are exploring the use of high porosity bio-
degradable porous silicon and  genetically engi-
neered biosilica nanoparticles that are loaded 
with chemotherapy drugs or siRNA and also 
display on the particle’s periphery targeting 
moieties such as cell-surface antibodies recog-
nising cognate ligands highly expressed on the 
surface of tumour cells.  
One approach centers around porous silicon 
nanodiscs. The process relies on a combination 
of colloidal lithography and metal-assisted 
chemical etching. Height and diameter of the 
pSi nanodiscs can be easily adjusted. The nano-
discs are degradable in physiological milieu and 
are non-toxic to mammalian cells. In order to 
highlight the potential of the pSi nanodiscs in 
drug delivery, we carried out an in vitro investi-
gation which involved loading of nanodiscs with 
the anti-cancer agent camptothecin and func-
tionalization of the nanodisc periphery with an 
antibody that targets receptors on the surface of 
neuroblastoma cells. The thus prepared nanocar-
riers were found to selectively attach to and kill 
cancer cells [1,2]. In a second approach, we 
used natural nanoporous biosilica from the dia-
tom Thalassiosira pseudonana. The biosilica 
was genetically engineered to display GB1, an 
IgG binding domain of protein G, on the biosili-
ca surface, which allowed for the attachment of 
cancer cell targeting antibodies and the adsorp-
tion of nanoparticles loaded with anti-cancer 
drugs. Adherent neuroblastoma cells and B 
lymphoma cells in suspension were selectively 
targeted and killed by drug-loaded biosilica dis-
playing specific antibodies (Figure 1). In a sub-
cutaneous mouse xenograft model of neuroblas-
tomamice, regression of SH-SY5Y tumour 
growth was evident in immunodeficient Balb/c 
nude mice that were when treated with drug-
loaded anti-p75NTR-labelled biosilica. Histo-
logical analysis confirmed accumulation of an-
tip75NTR-labelled biosilica in the tumours. This 
result established the efficacy of targeted drug-

loaded-biosilica in a relevant clinical model [3]. 
In a final approach, we engineered porous sili-
con nanoparticles to deliver siRNA to success-
fully downregulate drug transporter proteins in 
brain tumour cells [4,5]. Coating of nanoparti-
cles with cationic polymers improved sustained 
DNA and siRNA release and suppressed burst 
release effects. In addition, polymer coating sig-
nificantly enhanced the uptake of nanoparticles 
across the cell membrane. Histopathological 
analysis of liver, kidney, spleen and skin tissue 
collected from mice receiving nanoparticles fur-
ther demonstrates their biocompatible and non-
inflammatory properties. 

Keywords: drug delivery, nanoporous silicon, 
diatom biosilica. 
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Abstract: 
Photocatalytic CO2 conversion to fuel offers an 
exciting prospect for solar energy storage and 
transportation thereof. Several photocatalysts 
have been employed for CO2 photoreduction; 
the challenge of realizing a low-cost, readily 
synthesized photocorrosion-stable photocatalyt-
ic material that absorbs and successfully utilizes 
a broad portion of the solar spectrum energy is 
as yet unmet. Herein, a mesoporous p-type/n-
type heterojunction material, CuxO−TiO2 (x = 1, 
2), is synthesized via annealing of Cu/Cu2O 
nanocomposites mixed with a TiO2 precursor 
(TiCl4). Such an experimental approach in 
which two materials of diverse bandgaps are 
coupled provides a simultaneous opportunity for 
greater light absorption and rapid charge separa-
tion because of the intrinsic p−n heterojunction 
nature of the material. As detailed herein, this 
heterostructured photocatalyst demonstrates an 
improved photocatalytic activity. With the CO2 
reduction of our optimal sample (augmented 
light absorption, efficacious charge separation, 
and mesoporosity) that utilizes no metal cocata-
lysts, a remarkable methane yield of 221.63 
ppm·g−1·h−1 is achieved.  

Keywords: CO2 conversion, Photocatalyst, So-
lar energy, heterojunction, mesoporosity 

 

 

 
Figure 1: HR-TEM and SAED patterns (inset) 
confirming the presence of CuO and TiO2 with-
in the mesoporous CuxO−TiO2 composite. 
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Abstract: 
Recent advances in growth and physics of 
quantum dots have led to the commercialization 
of quantum dot lasers for telecommunications 
and other applications1-3. Moreover, single 
quantum dots coupled to photonic crystal 
nanocavities have enabled the investigation of 
fundamental physics such as solid-state cavity 
quantum electrodynamics (QED)4-5.  

In this presentation, we discuss the current state 
of the art of quantum dot lasers, and also future 
prospects including their application to hybrid 
silicon photonics6-7 and the development of ul-
tra-small nanolasers8-12. We also describe the 
demonstration of a single photon emission from 
a III-Nitride nanowire-based quantum dot oper-
ating above room temperature13-14. 
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Abstract: 
Gold Nanoparticles capped with mercaptocar-
borane ligands have a number of unusual prop-
erties that make them of interest as membrane 
transporters in biological and bio-mimetic sys-
tems.1 Most pertinent for this application is the 
ability of the particles to adjust their hydro-
philicity. The particles, as prepared, are nega-
tively charged by excess electrons in the metal 
core. This charge is partially balanced by Na 
ions that reside within the voids of the ligand 
shell. The resulting net charge of the particles 
makes them dispersible in water. Under condi-
tion of less or no net charge, the particles be-
come less hydrophilic and, if possible, preferen-
tially associate with the phospholipid membrane 
of vesicles as shown in Figure 1. In the presence 
of a membrane potential and a remaining small 
net charge of the particles, the particles can be 
forced by the electric field to flip across the 
membrane. This process can lead to the 
transport of ions by the particle from one side of 
the membrane to the other. Here we will present 
the results of monitoring this process using two 
different experimental systems. The first is 
based on measuring the depolarization of a vesi-
cle membrane as Na ions are shuttled across by 
the particles. The second system measures elec-
trochemically the particle-mediated charge 
transfer across an artificial membrane supported 
by a small hole in a plastic cell.  Both experi-
mental setups give consistent and complemen-
tary information, and it is evident that the parti-
cles do not act as ion channels but as membrane 
potential dependent electrostatic shuttles. Ex-
amples of nanoparticles carrying charge across 
membranes are to date very scarce.2      

Keywords: Gold Nanoparticles, Phospholipid 
Membranes, Charge Transfer, Vesicles, Electro-
chemistry, Mercaptocarborane, Ion Shuttles, Ion 
Channels, Transporters, Fluorescence Spectros-
copy, Membrane Potential. 

 
Figure 1: To-scale cartoon of a phospholipid 
bilayer membrane and a ca. 3 nm mercaptocar-
borane-capped gold nanoparticle. Note the open 
structure of the ligand shell, which allows for 
the inclusion of Li, Na or K ions counter-
balanced by electronic charge in the metal core. 
Electrostatic charging of the particles makes 
them dispersable in water, while neutral parti-
cles are very hydrophobic and tend to bury into 
the nonpolar part of the membrane. This adapt-
able behaviour and the ability to carry cations in 
the ligand shell enables the particles to shuttle 
charge across the membrane.  
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Abstract: 
One hundred years ago, Paul Ehrlich, the found-
er of chemotherapy, received the Nobel Prize in 
Physiology or Medicine. His postulate of creat-
ing ‘magic bullets’ for use in the fight against 
human diseases inspired generations of scien-
tists to devise powerful molecular imaging 
agents and therapeutics. After the use of various 
synthetic polymers, natural polysaccharides 
have received a lot of attention in the biomedi-
cal field thanks to their biological properties and 
to recent progresses in polysaccharide chemistry 
and nanotechnologies. These new dedicated 
nanosystems may be designed to fight athero-
thrombotic pathology, which remains the main 
cause of morbidity and mortality in the industri-
alized world.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The presentation will intend to provide an over-
view on polysaccharide-based nanosystems as 
drug delivery systems and targeted contrast 
agents for molecular imaging with an emphasis 
on the treatment and imaging of cardiovascular 
pathologies 



Multilayer	Nano-Films	for	Controlled	Release	of	Therapeutics 
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Abstract 
Recent developments in biomedical engineering, 
novel cell culture techniques, and newly discov-
ered chemicals as a replacement of the growth 
factors have opened new area toward the engi-
neered technique of biomedical applications, for 
use in both research and clinical applications. 
Ideal bio-platform must be biocompatible that is 
to say, they should show both proper surface 
stability for the promotion of cell attachment 
and functions with drug delivery. However, 
plenty of challenges are still in progress, as the 
reason for the high compatibility of polymer 
film in cell culture environment and precisely 
controlled functional release of their drugs..  
Layer-by-layer (LbL) self-assembly technic has 
been developed and used to prepared biocom-
patible multilayer films and polyelectrolyte cap-
sules for drug delivery. Certain drug molecules, 
such as active proteins, cytokine, growth factors, 
enzymes, nucleic acids, and DNA, have been 
immobilized into nano-sized multilayer films. 
The advantages of LbL multilayer films as drug 
delivery systems include the sustained drug re-
lease through controlling the film physical & 
chemical properties, in addition multilayer films 
have the potential to protect drug molecules 
from losing their biological functions, and the 
film preparation process is simple and can be 
automated.  
In this presentation, we prepared the cell friend-
ly platform by take full advantages of LbL as-
sembly with evenly distributed drug loading by 
nano-sized layer assembly. The nano-films are 
prepared by various materials including not only 
synthetic-, natural-polymers but also functional 
materials such as growth factors, cytokines 
which are resulting different film degradation 
profiles. These results lay a cornerstone for fu-
ture studies to achieve the multi-functional nan-
ofilms including programmed loading/release of 
drugs for therapeutic purposes 
 
 
 
 
 
 

Keywords: multilayers, layer-by-layer, self-
assembly, protein, growth factor, controlled re-
lease, nano-film  
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Abstract: 
The intestinal epithelium forms an essential el-
ement of the mucosal barrier and plays a critical 
role in the pathophysiological response to dif-
ferent enteric disorders and diseases. It is also a 
barrier for oral vaccine delivery. Here, we 
demonstrated the feasibility of purposefully de-
signing immunogen-carrying gold nanocages 
functionalized with σ-1 proteins from T1L reo-
virus to deliver immunogens across the mucosal 
barrier to enhance immunological responses. 
The immunogen delivery was further enhanced 
by a Trojan horse system. The Trojan horse sys-
tem with the synergy of nanotechnology and 
host cells can achieve better therapeutic efficacy 
in specific diseases. Primary isolated intestinal 
stem cells were used to create these Trojan 
horses. M-cells, which are the targets for σ-1 
functionalized nanocages, were induced in these 
Trojan horses to allow easy pass of the nano-
vaccine complexes into the Trojan horses. 

Here, we demonstrated this proof-of-concept 
intestinal Trojan horse nano-vaccine system that 
will have a wide variety of applications in the 
development of oral vaccines for infectious dis-
eases. 

Keywords: σ-1 protein, gold nanocages, nano-
vaccines, intestinal stem cells. 

 
Figure 1: Figure illustrating the mechanism of 
targeted vaccine delivery using gold nanocages 
functionalized by σ-1 proteins from reovirus to 
deliver immunogens into Trojan horse made 
from small intestinal stem cell to facilitate vac-
cine delivery across mucosal barrier to stimu-
late strong immune-responses.  
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Abstract: 
Targeted drug delivery by nanosized particles is 
a potent and promising medical concept, espe-
cially in cancer therapy. The synthesized drug 
carriers are injected in the blood stream and as 
soon as they enter any biological fluid proteins 
adsorb to its surface and form the so called “pro-
tein corona”. As a consequence the chemical 
identity of the particle only plays a minor role; 
instead the new biological identity is responsible 
for the fate of the nanoparticle in the body. (1) 
To operate safely in nanomedicine, it is essential 
to understand and predict the in vivo behavior of 
the nanomaterial and therefore analyze the “pro-
tein corona”. However, this analysis is challeng-
ing, since there are not many methods to sepa-
rate free proteins from those, which are forming 
the protein corona, without influencing the 
complex system. Right now, methods requiring 
a separation step provide access to the identifi-
cation of only the strongly bound proteins, so 
that those methods have to be combined with 
other techniques that allow characterization di-
rectly in the biological medium. (2) Those tech-
niques can give information about the loosely 
bound proteins, but not directly about the type 
of bound proteins. 
A new approach to address this separation prob-
lem is the asymmetric flow field-flow fractiona-
tion (AF4). Hereby, very small particular spe-
cies like single proteins can be separated from 
larger nanoparticle-protein complexes. The 
shear stress affecting the sample is very low in 
comparison to centrifugation, what makes it a 
rather mild method.  
In our study, polystyrene-nanoparticles served 
as model systems which were incubated with 
human blood plasma.  
After separation of the protein corona from free 
proteins by AF4, the obtained fractions are 
characterized with regards to size and protein 
composition by using dynamic light scattering, 
SDS-polyacrylamide gel electrophoresis and 
liquid-chromatography mass-spectrometry. We 
could show that the separation is possible using 
the above mentioned methods. Moreover, the 
composition of the protein corona separated by 
AF4 differed significantly from repetitive cen-

trifugation as the alternative separation method. 
Specifically, more serum albumin with a gener-
ally lower binding affinity was present in the 
extracted corona. This suggests that we were 
able to extract the nanoparticles with strongly as 
well as loosely bound proteins. 

Keywords: nanoparticles, protein corona, drug 
delivery, asymmetric flow field-flow fractiona-
tion. 
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Abstract: 
Light-emitting nanoparticles are emerging as 
promising imaging agents and therapeutic carri-
ers for biological and medical applications.1, 2 
The ability to track light-emitting nanoparticles 
inside the living tissues and organisms opens a 
range of opportunities for in vivo or in vitro bio-
sensing or targeted drug delivery. 3, 4 Function-
alization of nanoscale light-emitting sources for 
selective and sensitive signalling allows observa-
tion and eventually engineering of biological pro-
cesses at the subcellular level.5, 6 

Detection of nucleic acids (NA) at the subcellular 
level is especially interesting due to their vital 
role in gene expression and disease diagnostics. 
Nanoparticle platforms with combined light-
emitting properties and surface functionality are 
particularly suitable for intracellular NA sensing. 
The molecular interactions between the nanopar-
ticles surfaces and fluorescently-tagged NA can 
provide a signalling system for sensing. 

We report on a novel method for fabrication of 
carbon coated alumina nanoparticles (CANPs), 
using the plasma-induced carbonization method 
that effectively modifies the surface of the alu-
mina nanoparticles, producing a conformal ul-
trathin carbon layer over the entire surfaces of the 
particles. The hybrid nanoparticles exhibit multi-
ple functionalities, such as fluorescence, tuneable 
surface chemistry, quenching ability and water 
solubility. A proof of concept study is demon-
strated to show that CANPs can be used as an ef-
fective fluorescent sensing platform for nucleic 
acid detection. The fluorescently-tagged probe 
nucleic acids quench upon adsorption on the sur-
face of the CANPs and the fluorescence recovers 
after selective hybridization with target nucleic 
acids.  

Keywords: carbon materials, surface modifica-
tion, DNA sensing,  cell imaging, Gene delivery. 

 
Figure 1: Schematic (not to scale) of the plat-
form for simultaneous cellular monitoring and 
targeted gene release. NA loaded nanoparticles 
are internalized by the cell, and the NA releases 
from the surface of the particle upon hybridiza-
tion with its complementary pair. 
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Abstract: 
Titanate nanotubes (TiONts) synthesized via 
hydrothermal processes have attracted extensive 
interest since their first synthesis owing to their 
physicochemical properties such a high aspect 
ratio1-2. In spite of their interesting physico-
chemical properties and their low cytotoxici-
ty 3-4, bare titanate nanotubes (TiONts) present 
some shortcomings such as strong aggregation 
and a poor suspension stability which limit their 
use as biomaterials. One needs to circumvent 
these drawbacks to turn TiONts into valuable 
nanohybrids5. 
The aim of this work is to elaborate nanotubes-
based nanohybrid materials suitable for biomed-
ical uses. For this purpose, two essential fea-
tures have been enhanced: colloidal stability and 
biocompatibility. The grafting of 3,4-
dihydroxyhydrocinnamic acid (DHCA), amino 
acid 3,4-dihydroxy-L-phenylalanine (L-DOPA) 
and citric acid have been studied to enhance the 
long-term stability of TiONts under physiologi-
cal conditions. A comparative study between the 
three types of grafting has been made. 
The biocompatibility of TiONts in biological 
systems has also been improved through their 
surfaces modification with 3-aminopropyl tri-
ethoxysilane (APTES) and chitosan grafting, 
with two different methods. 
Experimental conditions (pH, temperature, reac-
tion time, molar ratio) have been tested and 
optimized in order to obtain the highest grafting 
efficiency for all the studied compounds. The 
obtained compounds were characterized by a 
large range of techniques (TEM, XPS, IR, Ra-
man spectroscopy, zeta potential measurements, 
UV-vis, TGA, etc.). 
Finally, an original study of TiONts functionali-
zation with trans-resveratrol as a cancer thera-
peutic molecule will be also exposed with the 
results of the first bioassays. 

Keywords: titanate nanotubes, surface function-
alization, drug delivery, resveratrol derivative. 

 
Figure 1: TiONts-trans-resveratrol nanohybrids 
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Abstract: 
The aim of this study was to investigate the effect 
of d-limonene (DL) loaded three types of PEGylat-
ed lipid nanocarriers [liposomes (PL), niosomes 
(PN) and solid lipid nanoparticles (PSLN)] on the 
skin penetration of hydrophilic compound, sodium 
fluorescein (NaF). The physicochemical character-
istics of nanocarriers and their effects on in vitro 
skin penetration were evaluated. Confocal laser 
scanning microscopy (CLSM) was used to visualize 
the penetration pathways. Fourier transform infra-
red spectroscopy (FTIR) was used to confirm the 
enhancing effect on stratum corneum lipids. The 
results showed that all formulations had small par-
ticle sizes in the range from 31 nm to 197 nm, 
which was in the order: PL-DL < PL < PN-DL < 
PN < PSLN-DL < PSLN. TEM image also showed 
the spherical in shape. This indicated that DL re-
duced the particle sizes of all nanocarriers. The per-
cent entrapment efficiency of NaF was in the range 
from 21% to 51%, which was in the order: PL < 
PL-DL < PN < PSLN-DL < PN-DL < PSLN. For 
the skin penetration, the penetrated flux of NaF-
loaded PL-DL was significantly higher (93-fold 
enhancement from NaF solution) than PN-DL, PL, 
PSLN, PN, PSLN-DL, and NaF solution, respec-
tively. DL loaded PL and PN vesicles increased the 
NaF flux due to enhanced permeability of the stra-
tum corneum. While DL loaded PSLN decreased 
the NaF flux, suggesting that DL might not be re-
leased from lipid particles to skin surface. CLSM 
images of NaF loaded PL-DL treated skin exhibited 
brighter fluorescence intensity of entrapped NaF 
and PL-DL vesicles both in the deeper skin layer 
and hair follicles than other formulations. The nio-
some and SLN formulations had little or no vesicles 
in the skin, suggesting that NaF may released from 
these nanocarriers before permeation. For FTIR 
results, PL-DL provided a significant change in 
stratum corneum lipid, which DL-containing lipo-
somes play an important role to deliver NaF by in-
creasing the fluidity of stratum corneum intercellu-
lar lipid. In conclusion, PL-DL serves as a poten-
tially effective strategy to transdermally deliver of 
hydrophilic compound. The combination of d-
limonene (as a skin-penetration enhancer) and the 

small size of liposome vesicles might provide a 
synergistic effect to enhance the skin permeability.  

Keywords: skin penetration, d-limonene, lipid 
nanocarriers, liposomes, niosomes, solid lipid na-
noparticles, hydrophilic compound 
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Abstract: 

Stem cells based therapies are one of the greatest 

promise of new-age medicine due to their 

potential to help curing most dreaded conditions 

such as cancer, diabetes and even auto-immune 

disease. However, establishing suitable in vitro 

culture materials allowing to control the fate of 

stem cells remain a challenge.[1]  Amongst the 

factor influencing stem cell behavior, substrate 

chemistry and nanotopogaphy are particularly 

critical.[2] In this work we used plasma assisted 

surface modification methods to produce model 

substrates with tailored nanotopography and 

controlled chemistry.[3] Three different sizes of 

gold nanoparticles were bound to amine rich 

plasma polymer layers to produce homogeneous 

and gradient surface nanotopographies. The outer 

chemistry of the substrate was kept constant for 

all substrates by depositing a thin layer of our 

patented biocompatiple polyoxazoline plasma 

polymer on top of the nanofeatures. For the first 

time, protein adsorption and stem cell behaviour 

(mouse kidney stem cells and mesenchymal stem 

cells) were evaluated on nanorough plasma 

deposited polyoxazoline thin films. Compared to 

other nitrogen rich coatings, polyoxazoline 

plasma polymer support the covalent binding of 

proteins.[4, 5] Moderate surface nanoroughness, 

in both size and density, triggers cell 

proliferation. In association with polyoxazoline 

coating, cell proliferation is further enhanced on 

nanorough substrates.[6] (Figure 1).  

Results are discussed in term of substrates 

wetting properties. These findings provide 

valuable insights on the mechanisms governing 

the interactions between stem cells and their 

growth support. 

Keywords: Nanotopography, stem cells, 

differentiation, plasma polymer, oxazoline 

Figure 1: Kidney derived kidney stem cells 

grown on nanorough (decorated with 68 nm gold 

nanoparticles) plasma deposited polyoxazoline 

film. 
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Abstract: 
In the field of nanomedicine, nanocarriers are 
currently being investigated as potential drug 
delivery devices. Such nanocarriers will present 
a foreign interface to the body when applied into 
biological fluids such as blood. This results in 
the formation of a protein coating, called the 
‘protein corona’. In order to achieve a suffienct 
blood circulation time, unspecific cell uptake of 
the nanocarriers has to be avoided. Recently, it 
was shown that the covalent modification of the 
nanocarriers surface with poly(ethylene glycol) 
or biodegradable polyphosphoesters leads to an 
enrichment of specific ‘stealth’ proteins in the 
protein corona, which effectively reduced up-
take in phagocytotic cells. (1) Furthermore, our 
group analyzed the influence of surfactants pre-
sent on the nanocarriers surface after synthesis 
on the interaction with serum albumin. A signif-
icant correlation between surfactant concentra-
tion and protein binding affinity was found, 
which means that not only covalently bound 
functional groups will affect the protein corona. 
(2) Thus, we decided to take advantage of the 
properties of surfactants for providing an easy 
alternative to covalent ‘stealth’ modification. 
Therefore, different biodegradable 
poly(phosphoester) based surfactants were syn-
thesized and characterized with regard to their 
thermodynamic binding properties on model 
nanocarriers. Depending on the length and struc-
ture of their hydrophilic and hydrophobic build-
ing blocks, their binding affinity could be max-
imized. It was found that with higher surfactant 
binding affinity also the tendency towards un-
specific protein adsorption could be reduced. At 
the same time, all surfactants enabled an en-
richment of the ‘stealth’ proteins clusterin and 
apolipoprotein A-I in the protein corona, which 
successfully reduced phagocytotic cell uptake. 
This non-covalent approach facilitates the tun-
ing of protein adsorption and with it the biologi-
cal fate of nanocarriers. Because of the surfac-
tant adsorption principle, it can potentially ap-
plied to any kind of nanomaterial with sufficient 
binding optimization. (3) 

Keywords: nanoparticles, protein corona, sur-
factants, stealth effect, poly(ethylene glycol), 
poly(phosphoester)s, isothermal titration calo-
rimetry. 
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Abstract: 
Biomaterials are used widely in medical appli-
cations. They are used in both diagnostic and 
therapeutic applications. Microbubbles (MBs) 
are a type of biomaterials which are used in di-
agnosis as ultrasound contrast agents (UCAs) 
and in therapy for drug/gene deliveries. They 
encapsulate an inert gas in very thin monolayer 
phospholipid shell. The aim of this study was to 
investigate MBs from the engineering perspec-
tive, to assess their mechanical properties and 
their response under applied forces using the 
atomic force microscope (AFM) to perform a 
real direct mechanical test. The AFM was used 
with a conical-tipped cantilever at constant 
speed and constant force to investigate the im-
pact of the MBs’ size on their mechanical prop-
erties.  Many mechanical properties were calcu-
lated, including plasticity, instability, hysteresis, 
adhesion forces, Young’s modulus and the stiff-
ness. Young’s modulus was estimated by three 
different models, where two of them calculate 
the elasticity of the shell of the MB while the 
third model evaluates the elasticity of the whole 
MB body. A contact mode and a force spectros-
copy regime were used with the AFM to acquire 
the force-deformation curves, as shown in Fig-
ure 1. The gradient of the linear part of the 
force-deformation curves expresses the stiffness 
of the MB.  

Keywords: AFM, Microbubbles, Young’s 
modulus, stiffness, Biomaterials, plasticity, in-
stability, hysteresis, adhesion forces. 

 
Figure 1: Load and unload curves with large 
hysteresis, where the MB behaves as a pure 
plastic material (η=0.95). 
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Abstract: 
Diabetes mellitus affects 37M adults in the 
North America and Caribbean region [1]. This 
disease arises from secretory defects in the pan-
creatic islets of Langerhans, an endocrine cluster 
of cells mainly composed of α, β, δ, PP, and ε 
cells, which cooperate to secrete hormones in 
response to metabolic changes [2]. Although 
many research groups are interested in studying 
the paracrine interactions between islet cells [3] 
or insulin and glucagon secretion [4], not much 
works report on monitoring a secretory finger-
print (SF) involving more than two hormones. 
Advances in microfluidic perfusion systems 
(MPS) have enabled reproduction of the islet in 
vivo environment and allow different aspects of 
islet physiology to be studied [5]. In parallel, 
non-faradaic impedance biosensors have been 
developed for the detection of insulin in the 
femto-molar concentration range using a chemi-
cally adsorbed zwittorionic polymer with at-
tached monoclonal insulin antibodies [6]. The 
aim of this worl is To develop a microfluidic 
multiplexed impedance biosensor platform for 
monitoring different hormones of interest se-
creted by islets Interdigitated microelectrodes 
(IDE) with various geometries were fabricated 
(Figure 1). To validate the impedance measure-
ment, a surface plasmon resonance imaging bio-
sensor was also employed with the same immo-
bilization strategy as the impedance sensor. To 
achieve maximum sensitivity, insulin was im-
mobilized on top of a self-assembled monolayer 
(SAM) of a carboxyl terminated alkyl thiol and 
a competitive immunoassay was performed. The 
IDE with a 10x10 micron inter-digit spacing and 
electrode width led to the largest impedance 
change and therefore was selected for insulin 
sensing. Significant changes in impedance spec-
tra between 10 and 50 KHz were observed after 
flowing hormones and antibodies in the micro-
fluidic device, demonstrating the feasibility of 
the proposed objective. The ongoing work con-
sists of designing a 3-layer MPS to immobilize 
pancreatic islets and collect their secretions. 
This setup allows continuous delivery of secret-

agogues to the islet while avoiding the for-
mation of concentration gradients within the 
chamber. Our results confirmed that it is possi-
ble to sense insulin using impedance spectros-
copy in a continuous flow regime. The proposed 
microfluidic platform with integrated impedance 
biosensors is promising for real time monitoring 
of a pancreatic islet SF and could be used to dis-
criminate between healthy and diseased islets. 
Keywords: Human Pancreatic Islets; Secretory 
Fingerprint Analysis; Microfluidics, Dielectric Spec-
troscopy, Diabetes 

 
Figure 1: Microfluidic perfusion system for pan-
creatic islet secretion analysis. 
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Abstract: 
DNA is a multifunctional biopolymer which can 
be used in the field of biomedical clinic or/and 
researches. Moreover, the usage of DNA has 
been focus in the field of nanomachines and 
nanoelectronics, recently, due to nanofabrication 
and self-assembly technology improvment. 
DNA exhibits high stability, adjustable conduct-
ance, self-organizing capability, programmabil-
ity and vast information storage. It is an ideal 
linear material in the applications of nanodevic-
es, nanoelectronics, and molecular computing. 
By chelating nickel ions within the base-pairs of 
DNA (Ni-DNA), the conductance of this com-
plex improved dramatically. Further studies 
showed that nickel ions containing DNA (Ni-
DNA) nanowires exhibited characteristics of 
memristor and memcapacitor making them a 
potential mass information storage and compu-
ting system. In summary, Ni-DNA has promis-
ing applications in a variety of fields, including 
nanoelectronics, biosensors and memcomputing. 

Keywords: Metal ions, nucleic acid, self-
assembled layers, Ni-DNA, nanodevice, nano-
electronics memristor, memcapacitor, redox in-
duced negative resistant, memcomputing. 

 
Figure 1: Figure illustrating the Ni-DNA devices 
(upper panel) and the charge transport properties of 
single based mismatched containing Ni-DNA. In 
this device the purple spheres denoted Ni2+ ions and 
the green spheres denoted N3+ ions. In the single 
based mismatched containing Ni-DNA device the 
resistance increase expernatially. 

References: 

1. Pandian SRK, Yuan C.-J., Lin C.-C., Wang W.-H., 
and Chang C.-C. *, DNA-based nanowires and 
nanodevices (2017) Advances in Physics: X 2:1, 22-
34 

2. Chu, H.-L., Chiu, S.-C., Sung, C.-F., Tseng, W., 
Chang, Y.-C., Jian, W.-B.*, Chen, Y.-C.*, Yuan, C.-
J., Li, H.-Y., Gu, F., Di Ventra, M.; Chang, C.-C.* 
(2014) Programmable redox state of nickel ion chain 
in DNA, Nano Letters 14, 1026-1031. 



Managing	industrial	accident	risks	in	the	Nanomaterials	value	
Chain 

 
B. Debray, A. Vignes, G. Binotto, Y. Ollier, J.M. Lacome, H.D. Le, B. Truchot 

 
INERIS, Verneuil-en-Halatte, France  

 
 
Abstract: 
Nanomaterials industry is developing, with sig-
nificant amounts of materials already being pro-
duced and transported and many new applica-
tions under development. As for any industrial 
activity, the whole nanomaterials value chain 
present a series of risks, that include accident 
risks. Due to specific properties of nanomateri-
als the management of these risks raises a num-
ber of issues that need to be solved in order to 
ensure a sustainable development of this prom-
ising industry and waive concerns that may arise 
among populations and workers. 
The present study was focused on nano pow-
ders, which exhibit the highest hazards. For each 
step of the value chain, a generic risk analysis 
allows to identify the main accidental scenarios 
that need to be taken into account : fire, explo-
sion, massive releases and dispersion. For each 
scenario, it identifies the key aspects that need 
to be considered in the risk assessment process 
and the limits of currently available tools. This 
includes issues relative to the characterization of 
hazardous properties such as flammability, ex-
plosivity, dustiness, toxicity and eco-toxicity. 
But it also considers the limitations of existing 
models for air dispersion, fire and explosion 
modelling. The issues raised by engineering 
controls that can be implemented to limit risks 
are also outlined. 
A last part of the paper is dedicated to present-
ing some of the solutions that are presently be-
ing developed to overcome these limitations. 
The first aspect refers to the characterization of 
physico-chemical hazards for which recent 
works have lead to a better understanding of the 
influence of agglomeration proceses of the ex-
plosion violence1. They also resulted into rec-
ommendations for testing protocols which are 
now proposed in dedicated standardization  
committees. 
Recent advances in modelling dispersion of na-
noparticles resulting from a breach in a pneu-
matic transport pipe2 are also briefly described 
as an illustration of a more general approach to 
better estimate the potential consequences of 

accidental events involving massive release of 
nanoparticles. 

Keywords: nanopowders, accident risk, air dis-
persion modelling, explosion, fire. 
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Abstract: 
Despite the growing enthusiasm for 
nanotechnologies, nanoparticles (NPs) might 
put environmental safety and human health at 
risk, as they can interact with biological systems 
and affect their behavior. It is therefore essential 
to know their mechanisms of interactions in 
order not only to prevent their potential risks but 
also to benefit from their unique properties, such 
as in biosensors design. In this context, we study 
the cytotoxicity of silica NPs, with diverse sizes 
and charges, on the morphological and 
nanomechanical properties of Escherichia coli 
(Gram-) and Bacillus subtilis (Gram+) bacteria, 
by means of atomic force microscopy (AFM) 
and viability tests. These tests show that 
negatively charged NPs (NPs-) with a diameter 
φ lower than 50-80 nm (critical diameter φc) 
lead to the isolation of bacteria, initially in 
aggregates, their interactions with cells being 
stronger than inter-cells ones. Conversely, 
positively charged NPs (NPs+), whatever their 
diameter, lead to a strong aggregation of the 
cells, due to the electrostatic interactions with 
the two bacteria, which are negatively charged. 
AFM observations specify these phenomena by 
also showing the antibacterial activity of such 
NPs. In E. coli, NPs- with φ < φc induce a 
"spherification" of the cell initially rod shaped, 
the formation  of pore-like lesions in the outer 
membrane and a reorganization of its structure. 
All of these damages potentially lead to the cell 
lysis, a particularly strong one for φ = 4nm 
(Figure 1A). In B. subtilis, although the 
morphology is unchanged during treatment with 
such NPs-, similar damage to the membrane 
(peptidoglycan layer) is also observed. For both 
strains, NPs- with a diameter larger than φc have 
no effect on population, morphology or bacterial 
structure. Moreover, independently of this 
critical diameter, NPs+ tend to favor the 
formation of membrane invaginations, not 
necessarily involving cell lysis. To conclude, we 
have thus shown that the decrease in diameter 
and a positive surface charge favor the 

antibacterial activity of silica NPs. This 
fundamental study is currently being used to 
develop an electrochemical biosensor for 
bacteria (Figure 1B). NPs involved in such tools 
offer a fast, high-sensitive and low-cost way of 
detection. The size and charge of the NPs, 
previously optimized, will allow not only to 
detect (harmless NPs) but also to kill (toxic 
NPs) targeted bacteria. 

Keywords: cytotoxicity, silica nanoparticles, 
bacteria, AFM, electrochemistry. 

 

 
Figure 1: Illustration of (A) the potential anti-
bacterial activity of silica NPs depending on 
their diameter and (B) their potential applica-
tion in electrochemical biosensors.  
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Abstract: 
Recent advances in nanotechnology offer a new 
platform for the label free detection of biomole-
cules at ultra low concentrations. Nano biosen-
sors are emerging  as a powerful method of im-
proving device performance whilst minimizing 
device size, cost and fabrication times. Nanogap 
capacitive biosensors are an excellent approach 
for detecting biomolecular interactions due to the 
ease of measurement, low cost equipment needed  
and compatibility with multiplex formats.1 Initial 
work in the field was limited to high frequency 
measurement only, since at low frequency there 
is large electronic thermal noise (<V2>=4kBTR) 
from the electrical double layer (EDL). This was 
a significant drawback since this masked most of 
the important information from biomolecular in-
teractions. A novel approach to remove this par-
asitic noise is to minimize the EDL impedance by 
reducing the capacitor electrode separation to 
less than the EDL thickness.2 In the case of ap-
tamer functionalized electrodes, this is particu-
larly advantageous since device sensitivity is in-
creased as the dielectric volume is better matched 
to the size of the biomolecules and their binding 
to the electrode surface.  
In this work we have fabricated a large area ver-
tically oriented capacitive nanogap biosensor 
with a 40 nm electrode separation between two 
gold electrodes. A silicon dioxide support layer  
separates the two electrodes and this is partially 
etched, leaving an area of the gold electrodes 
available for thiol-aptamer functionaliztion. We 
present results on the electrical characterization 
of the device as well as its capability for detecting 
label-free proteins. 

Keywords: Nanogap capacitive biosensor, label-
free detection, Aptamer functionalized surfaces, 
protein detection. 

 
Figure 1: Schematic of the nanogap capacitor 
(A) and image of the final device (B). 
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Abstract: 
Chemotherapy together with surgery are the 
main modalities to treat tumors in clinics. 
Although there are several FDA approved 
chemotherapeutic agents, including the most 
common doxorubicin, cisplatin, paclitaxel etc., 
they all show together with beneficial actions 
against tumor cells also various side effects due 
to their non-specific action against healthy 
cells.  
On the other hand, the use of heat to reduce 
tumor mass is very ancient. Nowadays, many 
techniques allow to precisely focalizing the heat 
in very specific body regions resulting in 
treatments that are more efficient and minimize 
side effects. Magnetic nanoparticles can act as 
heat mediators under oscillating magnetic fields 
in the so-called “magnetic hyperthermia”. The 
field of magnetic hyperthermia has received a 
renewed interest since the development of 
colloidal preparation by non-hydrolytic 
methods. These approaches have shown several 
merits over conventional wet chemical 
hydrolytic processes as the magnetic 
nanoparticles obtained by non-hydrolytic 
methods can achieve a better control in terms of 
size, size distribution and crystallinity. All these 
parameters affect structural and magnetic 
properties of nanomaterials and thus their heat 
performance. Here, I will first focus on our 
recent progress on the combination of cubic 
shaped iron oxide magnetic nanoparticles with 
thermo-responsive coatings to combine both 
magnetic hyperthermia and heat-mediated drug 
delivery. I will cover all topics from the 
synthesis, to the functionalization and 
characterization, to the drug loading and in 
vitro characterization, to the in vivo long-term 
study (up to 5 months after hyperthermia 
treatment) on xenograft tumor murine model. In 
addition, our bio-distribution studies at the iron 

dose needed for hyperthermia have indicated 
the absence of toxicity of such thermo-
responsive iron oxide nanocubes and their in 
vivo degradation over three months. 
I will also provide a comparative study of 
magnetic hyperthermia based on polyethylene 
glycole stabilized iron oxide nanocubes to 
another type of nanocubes made of spinel 
cobalt ferrites (Co0.6Fe2.3O4  NCs ) providing 
also in this case the in vitro and in vivo study. 
In a murine model, the slow release of 
cytotoxic cobalt ions together with the heating 
effects of the Co0.6Fe2.3O4  NCs under the 
oscillating magnetic field of clinical use, has 
brought to a complete tumor regression in case 
of locoregional treatment of small tumors (less 
than 1 cm in diameter). 
Keywords: magnetic nanoparticles, thermo-
responsive polymers, drug delivery, magnetic 
hyperthermia, photoablation 
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Abstract: 

Multifunctional nanoassemblies comprising units 

with complementary properties have emerged as 

must-have systems in the field of bioimaging for 

the last decade. In this respect, magneto-

fluorescent nanostructures represent attractive 

multimodal imaging agents that can bridge the 

gap between in cellulo and in vivo investigations 

since they enable high-resolution diagnosis under 

simple handling and addressing conditions. We 

have thus designed original high-payload 

structures comprising a shell of 

superparamagnetic iron oxide nanoparticles 

arranged around an organic core of self-

assembled fluorophores. The resulting raspberry-

like  nanostructures fluo@mag (~100 nm large) 

could easily be functionalized with various 

stabilizing polyelectrolytes and proteins to target 

specific membrane receptors of tumor cells or 

bacteria. Proton NMR experiments revealed 

significantly distinct behaviors as a function of 

the polyelectrolyte coating, showing that accurate 

control of the polymer chain using RAFT 

polymerization brings high benefits. Cell 

endocytosis studies using ten different cell lines 

have evidenced strong correlations between their 

transcriptomic signatures and uptake capabilities 

as a function of the polyelectrolyte coating. All 

these results point out the need of a multifold 

parameter screening before concluding on the 

efficiency of functional nanomaterials as 

bioimaging probes. 

Keywords: multimodal nanomaterials, 

fluorescent organic nanoparticles, iron oxide 

nanoparticles, superparamagnetism, 

bioconjugation, MRI. 

 

Figure 1: Fluorescence confocal imaging of 

fluo@mag nanoassemblies (red spots) 

internalized in multicellular tumor cell spheroids 

(DAPI-stained nuclei). Top : control cell (CT). 

Bottom: fluo@mag uptake. 
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Abstract 
Neuroblastoma is frequently diagnosed at the 
advanced disease stage and treatment includes 
high dose chemotherapy and surgery. Despite 
the use of aggressive therapy, survival rates 
are poor and children that survive the disease 
experience long term side effects from their 
treatment, highlighting the need for effective 
and less toxic therapies. Catechin is a natural 
polyphenol with anti-cancer properties and 
limited side effects, however its mechanism of 
action is unknown. Here we report that 
Dextran-Catechin, a conjugated form of 
catechin that increases serum stability, is 
preferentially and markedly active against 
neuroblastoma cells that have high levels of 
intracellular copper, without affecting non-
malignant cells. Copper transporter 1 (CTR1) 
is the main transporter of copper in 
mammalian cells and it is upregulated in 
neuroblastoma. Functional studies showed that 
depletion of CTR1 expression reduced 
intracellular copper levels and led to a 
decrease in neuroblastoma cell sensitivity to 
Dextran-Catechin, implicating copper in the 
activity of this compound. Mechanistically, 
Dextran-Catechin was found to react with 
copper, inducing oxidative stress and 
decreasing glutathione levels, an intracellular 
antioxidant and regulator of copper 
homeostasis. In vivo, Dextran-Catechin 
significantly attenuated tumour growth in 
human xenograft and syngeneic models of 
neuroblastoma. Thus, Dextran-Catechin 
targets copper, inhibits tumour growth, and 
may be valuable in the treatment of aggressive 
neuroblastoma and other cancers dependent on 
copper for their growth. 
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Abstract: 

For many important research topics in polymer 

science the use of radionuclides brings significant 

benefits concerning nanotechnology, polymer 

drug delivery systems, tissue engineering etc. 

This contribution describes important 

achievements of the radionuclide laboratory at 

the Institute of Macromolecular Chemistry AS 

CR in the area of polymers for biomedical 

applications.1 Particular emphasis will be given 

to water-soluble polymer carriers of 

radionuclides such as multistage-targeted 

delivery system for Auger electron emitters (see 

Figure 1), thermoresponsive N-substituted 

acrylamide-based and poly(2-alkyl-2-oxazoline)- 

based polymer radionuclide carriers, 

thermoresponsive polymers for local 

brachytherapy including multimodal systems fro 

combined immuno- and radiotherapy and polymer 

copper chelators for the therapy of Wilson´s 

disease (hereditary disease characterized by 

copper hyperacumulation in organism). 
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polymers, thermoresponsive polymers, micelles, 

polymer nanoparticles, drug delivery systems, 

multimodal probes, noninvasive imaging, 

radiotherapy, positron emission tomography, 

single photon emission computed tomography, 

polymer chelators.  

 

Figure 1: Scheme of the multistage-targeted 

Auger electron emitter delivery. 
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Abstract: 

For tumor growth and metastasis, angiogenesis 

process must be present during the cancer 

development1. The receptors overexpressed on 

the surface of cancer cells during angiogenesis 

process represent promising targets for cancer 

diagnosis or therapy2.  

The aim of this research was to synthesize and 

characterize the physicochemical properties of a 

nanoconjugate labelled with 177Lu and formed by 

gold nanoparticles (AuNP), the nuclear 

localization peptide (NLS), the RGD tripeptide 

sequence and an aptamer analogous to 

Pegaptanib. The in vitro potential of this 

compound (177Lu-AuNP-NLS-RGD-Aptamer) as 

cancer-specific dual targeting probe was also 

evaluated. The receptors overexpressed on the 

surface of cancer cells such as α(v)β(3) integrins 

and the Vascular Endothelial Growth Factor 

(VEGF), both involved in the angiogenesis 

process, are the main targets of this theranostic 

nanoconjugate. RGD sequence specific recognize 

integrins and the same occurs between the 

apatamer and the VEGF3. These two bonds have 

also high affinity and stability, being one of the 

reasons for designing this nanoconjugate.  Gold 

nanoparticles were functionalized with DOTA-

GGC, NLS-RGD and the apatamer. In all cases 

by instant reaction of thiol groups with AuNP 

surface. 177Lu was later incorporated into the 

molecule through DOTA.  

The chemical characterization of the DOTA-

GGC-AuNP-NLS-RGD-Aptamer nanoconjugate 

was carried out by UV-Vis, Infrared 

spectroscopies.  The size and size distribution 

were determined by Dynamic Light Scattering 

and TEM images. After 177Lu labelling, the 

stability in human serum, and in vitro affinity 

assays (integrins and VEGF molecular targets) 

were evaluated. In vitro binding studies were 

carried out in C6 glioblastomas cancer cells. 

Epifluorescence studies demonstrated the 

internalization of the radioconjugated into the 

cell. 177Lu-AuNP-NLS-RGD-Aptamer may be 

useful as an imaging agent for cancer tumors 

overexpressing integrins and also VEFG as well 

as targeting radiotehrapy.  

Keywords: Cancer detection and theraphy, 

nuclear medicine, angiogenesis, molecular 

targeting, Nanoradiopharmaceutical. 

 
Figure 1: Overall scheme of the multifunctional 

Cancer-Specific Dual-Targeting system of 177Lu-

AuNP-NlS-RGD-Aptamer. 
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Abstract: 
Lanthanide doped nanophoshors are capable of 

converting near-infrared (NIR) radiation into 

visble light. Biological tissues have an “optical 

transparency window” in the near-infrared (NIR) 

range of 650−950 nm  which allows a deeper 

light penetration and reduced photodamage 

effects, but also offers lower autofluorescence, 

reduced light scattering, and phototoxicity.(1) In 

this study we have focused on the controllable 

synthesis of  sub-10 nm upconverting 

nanoparticles that can be excited by  800 nm 

lasers. 

The preparation of ultrasmall, monodisperse and 

hydrophilic UCNPs that display intense 

luminescence remains a challenging issue , as 

smaller UCNPs generally have lower 

luminescence efficiency. The decrease of the 

luminescence is due to quenching effects caused 

by surface defects, ligands and solvents that 

possess high phonon energy.  Only a few 

examples of ultrasmall and hydrophilic UCNPs 

have been reported. [2-4]  In this work we report a 

convenient and versatile strategy to dramatically 

enhance the luminescence efficiency of sub- 10 

nm particles by using organic dyes and functional 

phospholipids. With this approach,  the dye 

molecules function as antennas, absorbing 

incident light and transferring their excitation 

energy to lanthanide ions in the UCNP  core 

(figure 1). The assemblies are all water-soluble 

and fluorescent in the visible region of the 

spectrum when excited with 800 nm near-

infrared laser. 

Futhermore the luminescence properties can be 

tuned by varying the dopants and relative 

proportions. 

The size and shape of the particles will be 

influenced by controlling the reaction time and 

temperature. This study will also allow 

establishing  information about the formation of 

protein corona for ultrasmall UCNPs. 

Keywords: : Upconversion, lanthanide, Sub 

10nm particles, surface functionalization, organic 

dye 
 

Figure 1: Schematic design illustrating energy 

transfer pathway from the dye to the lanthanide ions+ 

in the core. The Er 3+ ion  accepts the energy from the 

excited Yb 3+ ion, giving rise to upconverted emission 
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Abstract: 

Multimodal imaging represents a strategy to 

integrate multiple modalities on a single carrier 

molecule so as to increase the detection sensitivity 

and to obviate the need to administer compounds 

with different pharmacokinetics. In this regard, 

dendritic polyglycerols are highly biocompatible 

nanoscale scaffolds with multiple attachment sites, 

anti-fouling properties and small size (2-20 nm).1 

The great versatility of the dendritic polyglycerols 

allows to fine tune physicochemical parameters such 

as the size, water solubility, surface charge that are 

relevant for the successful preparation of theranostic 

systems. Previous experiments showed that the 

dendritic polyglycerols (>10kDa) show a fast renal 

clearance with negligible uptake in the mononuclear 

phagocytic system (MPS) organs such as the liver 

and spleen.2-3 

The purpose of this work to design a PET/OI dual 

modal construct based on dendritic polyglycerols for 

epidermal growth factor receptor (EGFR) targeting. 

In this regard, a one-pot strategy was employed for 

simultaneous attachment of fluorescent labels for 

optical imaging (cy3/cy7) and macrocyclic chelators 

based on a 1,4,7-triazacyclononane system for 64Cu  

(PET tracer) to thiol anchoring groups of the dPGs. 

A small camelid single-domain antibody (sdAb) 

representing a potential recognition agent for EGFR 

as targeting vector was attached (1). In parallel, a 

probe with similar surface characteristics but an 

EGFR unspecific sdAb (control) was synthesized 

(2). The conjugates were purified using affinity 

chromatography, which selectively separates the 

antibody-conjugated multimodal conjugates. In vitro 

and in vivo studies were conducted to assess its 

diagnostic potential. The in vitro results revealed a 

highly specific receptor mediate uptake of 1 in  

EGFR expressing A431 and FaDu cell lines using 

confocal microscopy and radio detection. 

Intravenous injection of 1 and 2 on mouse 

xenografted models studies using PET and optical 

imaging revealed an overwhelming tumor 

accumulation of the EGFR-specific 1 in comparison 

to the EGFR-unspecific 2 and a minimum off-target 

accumulation of both conjugates. These results 

unveil the potential of dendritic polyglycerols as 

efficient multimodal platforms for theranostic 

applications. 

Keywords: dendritic polyglycerols, cancer, 

biodistribution, radiolabeling, renal clearance, 

protein corona, biomedical applications. 

 
Figure 1: Figure illustrating the design of the 

multifunctional dPG based imaging probe 

containing macrocyclic chelators for 64Cu-PET, 

fluorescence dye for optical imaging and EGFR 

targeted sdAb or a non-targeted sdAb as a control. 

Right: Optical imaging of A431 xenograft tumor 

mice after intravenous injection of the multimodal 

probes. Ki: Kidneys and Tu: Tumor. 
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Abstract: 

The aim of this work is development of new 

hybrid polymer noninvasive multimodal 

imaging platform based on natural 

polysaccharide mannan (MN) (Figure 1). 

Mannan is a biocompatible and biodegradable 

polysaccharide that could be easily 

functionalized in order to incorporate imaging 

moieties with strong self-targeting effect via 

DC-SIGN receptor. Therefore, MN is preferably 

accumulated in the macrophages and dendritic 

cells overexpressing the DC-SIGN receptors1, 

what is useful in diagnosis of the sentinel lymph 

nodes and metastases. The polysaccharide was 

decorated with functional groups (such as 

fluorophores and gadolinium complexes for 

magnetic resonance (MR) imaging) in order to 

be used as a polymer carrier for solid tumor 

diagnostics or therapy. Grafting with synthetic 

polymer decreases the biodegradation rate of 

polysaccharide and allows easy 

functionalization of the polymer grafts with 

active payload. Therefore, mannan was reacted 

with active poly(2-methyl-2-oxazoline) chains, 

obtained by ring-opening cationic 

polymerization in anhydrous acetonitrile, 

followed with a radical-initiated thiol-click 

chemistry with cysteamine in order to prepare 

primary amino group containing mannan-based 

conjugate. The latter precursor was reacted with 

NHS ester of IR800CW dye as infrared active 
fluorescence label and NHS ester of MRI T1 

contrast agent – Gd3+-DOTA. The mannan-

based conjugates with (MN-Ox) or without 

oxazoline (MN) were characterized and 

compared with a commercially available 

contrast agent (gadoterate meglumine) by 1H-

MR and fluorescence imaging. In vivo 

distribution and accumulation of the probes was 

examined in animals showing accumulation in 

sentinel lymph nodes. 

 
 

Figure 1: Modification and application of 

mannan-based conjugates as a multi imaging 

contrast agents. 

 

Keywords: polysaccharide modification, 

mannan, multimodal imaging, biomedical 

applications. 

 

References: 

1. Cui Z. et al. Drug Dev Ind Pharm, 29(6), 

2003. 

Acknowledgment 

The authors acknowledge financial support 

from the Ministry of Education, Youth and 

Sports of the Czech Republic (grant # 

LM2015064), from the Ministry of Health of 

the Czech Republic (grant # 15-25781a) and 
from the Czech Science Foundation (grant #  

16-03156S). 



Biophysical modelisation of gold nanoparticles radiosensitizing 
effetcts 

 

F. Poignant1, B. Gervais2, A. Ipatov1,**, C. Monini1, M. Cunha1,*, P.J  Lartaud1, T. Bacle1, E. Testa1, M. 

Beuve 1 

 
1 Institut de Physique Nucléaire de Lyon, Lyon, France  

2 CIMAP, Caen, France 
 

* The author is now at Columbia University, New York, USA 

** The author is now at Saint Petersburg Polytechnical University, Saint Petersburg, Russia 

 

 

Abstract: 

The main challenge of radiotherapy is to focus 

the irradiation dose in cancer cells while 

preserving the healthy cells surrounding the 

tumor. Among the different strategies, the use of 

radiosensitizers aims to amplify the destructive 

effects of dose in the tumor1. Nanoparticles of 

heavy metals such as gold and gadolinium, are 

particularly promising radiosensitizers. If their 

radiosensitizer effect has been studied for about 

two decades, the origin of this phenomenon is yet 

quite unknown and barely quantified. 

Litterature suggests that irradiation would 

generate a physical effect called Auger cascades. 

This effect would lead to a local increase 

secondary electrons around the nanoparticle, thus 

implifying the critical cell damages of direct 

sensible molecules such as DNA, or through a 

boost of free radicals. These effects are produced 

at nanometric scales and at very short time (10-15 

to 10-12 seconds) but have consequences on the 

patient scale. 

Because this physical and chemical effects are 

not directly observable, the simulation tool is 

therefore mendatory to better understand the 

initial mecanisms. Our goal is to first develop a 

simulation that enables us to calculate the spatial 

dose and free radicals distribution around the 

nanoparticles, and to quantify the induced 

boost2,3. Secondly, we want to inject the results in 

the model Nanox4, originally developed in IPNL 

to calculate the biological dose in hadrontherapy. 

These two allow us to assess the the quality of 

our models, and the relevance of the scenarii 

offered in literature. The final aim is to guide the 

development of the nanoparticles and, if possible, 

to help to planify clinical treatment of 

nanoparticle-based radiotherapy. 

Keywords: modelisation, nanoparticles, 

radiosensitizer, nanometric scale 

 

Figure 1: Illusatration of the difference between 

two tracks (energy transfers) when a 20 keV 

photon originally interacted in the gold 

nanoparticle (left) through a photoelectric effect 

or in water (right) through a Compton effect.  
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Abstract: 

Graphene oxide (GO) is a pseudo 2D Nobel 

material useful for constructing wide variety of 

graphene-based structures known for 

innumerable captivating properties. Here, we 

have benignly synthesized silver adorned reduced 

graphene oxide (GrO) greenish gray (GG-GrO) 

and navy blue(NB-GrO) colored  

nanocomposites by tuning silver nitrate 

proportions with the extract of an indigenous 

spice plant Murraya Koenigii. The reduction of 

graphene oxide (GO) and silver nitrate 

simultaneously accomplished by high contents of 

extract including polysaccharides as potent 

reducing agent and other phytoconstutents4 to 

produce GG-GrO and NB-GrO nanocomposites. 

The properties of these nanocomposites were 

characterized by UV-Vis spectroscopy, SEM-

EDS, HRTEM, XRD, FT-IR, TGA, DSC and 

XPS techniques. These nanocomposites are 

thermally stable compare to GO and were 

evaluated for anticancer properties against human 

lung cancer cell line A549 with adriamycin as the 

reference drug. A relationship  between the 

amount of silver nanoparticles on the surface of 

GrO and the anticancer activity of nanoparticles 

was observed, with an increase in the 

concentration of silver nanoparticles on the 

surface of GrO led to enhanced anticancer 

activity of the nanocomposites. Surprisingly, 

these nanocomposites were found biocompatible 

with microbes like Escherichia coli, 

Staphylococcus aureus, Klebsiella pneumoniae, 

Bacillus subtilis, Candida albicans. The 

combined anticancer and microbial compatibility 

make these nanocomposites a promising 

candidate for future health cautions.  

Keywords: pseudo 2D Nobel material, reduced 

graphene oxide, spectroscopy, indigenous spice 

plant extract, anticancer activity of nanoparticles, 

microbial compatibility. 

 

Figure 1: Figure (a) NB-GrO nanocomposite 

illustrating the UV-vis spectra having 

characteristic peaks at at 250 nm and 420 nm 

and (b) SEM-EDS image GG-GrO 

nanocomposite visualising silver nanoparticles 

embedded in and on GrO sheets of benignly 

synthesized nanocomposites.   
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Abstract: 
Osmosis describes the flow of water across sem-
ipermeable membranes powered by the chemi-
cal free energy contained in salinity gradients. It 
is a fundamental transport process for water in 
all living systems, and its applications are count-
less. While osmosis can be expressed fundamen-
tally in simple terms via the van’t Hoff ideal gas 
formula for the osmotic pressure, it is a subtle 
phenomenon taking its roots in the interactions 
occurring at the scale of the membrane na-
nopores.  
In this talk, I will discuss some molecular views 
of osmosis, which will be used in various con-
texts in order to harvest this powerful transport 
phenomenon. I will explore in particular the 
phenomenon of diffusio-osmosis, which is an 
interfacially driven transport phenomenon al-
lowing for osmotic flow without the need of 
semi-permeable membranes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I will illustrate these concepts on the basis of 
various experiments using individual nanopores 
and nanotubes made of carbon and boron-nitride 
materials. I will in particular highlight applica-
tions to osmotic energy harvesting using various 
materials. 
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Abstract: 
Heat transfer is an important area of study in 
thermal engineering. Selection of a suitable 
heat transfer fluid for heat dissipation is an 
important consideration in the thermal de-
sign of heat exchangers. Heat transfer fluid 
is one of the critical parameters, which af-
fects the cost, and size of heat exchanger 
systems. Conventional fluids like water and 
oils have limited heat transfer potentialities. 
Different research groups around the world 
sense the need for development of new clas-
ses of fluids with enhanced heat transfer ca-
pabilities. The advances in nanotechnology 
have made it possible to manufacture metal 
and metal oxide particles on a Nano-
dimensional scale. Nano particles are con-
sidered to be new generation material having 
potential applications in the heat transfer 
area.  
Any host liquid, which contains nanoparti-
cles in a suspended state, is known as a 
nanofluid. Nanofluids are two-phase fluids 
of solid-liquid mixtures and are considered 
to be new generation heat transfer fluids. In 
the recent past nanofluids have emerged as 
promising thermo fluids for heat transfer 
applications. The thermal conductivity prop-
erty of nanofluids is expected to be greater 
than that of the base liquids. Nanofluids, on 
the other hand, offer many advantages over 
single-phase pure fluids and suspensions 
with micro particles. Nanofluids are consid-
ered to be an alternate and new generation of 
liquids for heat energy transport and can be 
employed as heat transfer fluids in heat ex-
changers in place of pure single-phase fluids. 
The applications of nanofluids for heat trans-
fer include radiators in automobiles, compo-
nents in chemical engineering and process 
industries, solar water heaters, refrigeration 
units, and in the cooling of electronics de-
vices. The main objective of obtaining heat 
transfer enhancement-using nanofluids is to 
accommodate high heat fluxes and, hence, to 

reduce the cost and size of heat exchangers 
which, in turn, results in the conservation of 
energy and material. 
Over the last several years, considerable research 
has been carried out in order to develop heat trans-
fer enhancement methods. Generally, many addi-
tives have been used to increase the heat transfer 
features of base fluids. Therefore, nanofluids may 
be perfectly suited in actual applications as their 
use may have little increases in pressure drop, and 
may positively change the heat transfer characteris-
tics and transport properties of the fluid.  Due to 
the fine nature of these Nano-particles, nanofluids 
behave as a single phase rather than as a solid-
liquid mixture, multiphase (figure 1). 

Figure 1: Figure Error! No text of specified style 
in document..2: In (a) CNTs rapidly settle without 
surfactant, whereas in (b) CNTs are well dispersed 
in water with surfactant. 
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Abstract: 
Concentrating solar power is one of the most 
interesting alternatives to conventional energy 
sources nowadays. Improving the thermophysi-
cal properties of the fluids used is of particular 
interest for enhancing the heat transfer processes 
that take place. In these plants as this should 
result in an increase in their overall efficiency. 
In this sense, the use of nanofluids has been 
shown to be an interesting option for enhancing 
the thermal properties of base fluids. In this 
work, nanofluids based on a eutectic mixture of 
diphenyl oxide and biphenyl as the base fluid 
were prepared varying Ag nanoparticle concen-
trations, and their physical and chemical stabil-
ity, viscosity, isobaric specific heat and thermal 
conductivity were characterized. According to 
the experimental system, molecular dynamic 
calculations were performed to reach a better 
understanding of the nanofluid system at a mo-
lecular level. The isobaric specific heat and 
thermal conductivity values followed the same 
experimental tendency, which validates the 
methodology proposed. An analysis of the radial 
distribution functions (RDFs) and spatial distri-
bution functions (SDFs) shows that there is a 
first layer of base fluid molecules around the 
metal in which the oxygens play an important 
role. This first layer encourages the directionali-
ty of the movement in the heart of the nanofluid, 
which leads to enhanced thermal properties. 
 
Keywords: nanofluids, nanoparticles Concen-
trating Solar Power, heat transfer fluid, specific 
heat, thermal conductivity, Dynamic Molecular, 
radial distribution functions, spatial distribution 
functions. 

 
Figure 1: SDF for the Ag-nanofluid system in a 
radius of 4 Å with the Ag in the centre (purple 
colour). The red coloured spatial distribution is 
assigned to O atoms, the blue coloured spatial 
distribution corresponds to the C atoms linked 
to the O atoms of the diphenyl oxide, and the 
sky-blue correspond to the ring C atoms, from 
the benzene rings of diphenyl oxide and bi-
phenyl.  
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Abstract: 
This work is a part of the SunTune project 
which addresses efficiency improvements of 
solar modules by manipulating the spectrum of 
sunlight to better match the range of efficient 
current generation in silicon solar cells. Photons 
with energies below the band gap energy of sili-
con (<1.1eV) are (up)converted into photons 
with higher energies through absorption in rare 
earth ions (Er3+) followed by radiative decay. 
This process converts otherwise non-absorbed 
long wavelength photos to shorter wavelength 
photons able to bridge the band gap energy and 
contribute to the energy generation of the solar 
modules. 
The upconversion process is naturally ineffi-
cient, and without any enhancement of the inci-
dent light, the process is negligible. The proba-
bility for upconversion can be increased by fo-
cusing the incident light into areas doped with 
Er3+ions, using optimized nanoparticles placed 
into or near these areas. Studies have shown that 
the intensity of the upconverted light is propor-
tional to the intensity of the incident light raised 
to some power, n, [1]. Experimentally n is found 
to be 1.5 and the light intensity is proportional 
to the square of the electric field norm, |E|2. 
We aim to enhance the incident light using to-
pology optimized nanoparticles. Here, the dis-
tribution of nanoparticle material is optimized to 
enhance |E|3 in a thin Er3+ doped TiO2 film. To-
pology optimization has previously proven suc-
cessful for optimizing wave propagation in 
acoustics [2] and electromagnetics [3,4]. The 
governing physics is modeled classically using 
Maxwell equations in the frequency domain. 
The model is excited by an incoming plane 
wave with a wavelength, within the near-
infrared absorption band of Er3+ (1480nm  - 
1560nm). 

Keywords: Topology optimization, nanooptics, 
photolvoltaics, plasmonics, light enhancment 
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Abstract: 
Quantum dots are extremely small semiconduc-
tor nanoparticles which exhibit different proper-
ties from the bulk material. The ability to tune 
properties such as absorption and emission by 
changing size and shape make them good candi-
dates for numerous applications ranging from 
bioimaging to photocatalysis to photovoltaics.1 
Binary chalcogenide quantum dots such as PbS 
and CdSe are two of the most studied materials 
for quantum dot photovoltaics due to their fa-
vorable material properties, but suffer from the 
fact that they contain the highly toxic elements 
Pb and Cd.2,3 Ternary and quaternary quantum 
dots such as AgInS2 and AgInS2-ZnS offer an 
alternative to these binary chalcogenides, pos-
sessing many of the advantageous properties 
while offering increased flexibility to tune prop-
erties. The optical and electronic properties of 
these multinary semiconductors can be modified 
not only with particle size, but also with compo-
sition.4 In this study, AgInS2-ZnS quantum dots 
were employed as sensitizers in liquid-junction 
solar cells to evaluate their viability for photo-
voltaics. The devices were tested periodically 
over 7 weeks to assess the stability of the solar 
cells over time. A power conversion efficiency 
of 2.25% was achieved by our champion cell 1 
month after its fabrication.5 In order to increase 
the efficiency of quantum dots solar cells fur-
ther, it is important to establish their excited 
state properties. The excited state interaction 
between AgInS2-ZnS and TiO2 was investigated 
by photoluminescence emission spectroscopy 
and femtosecond transient absorption spectros-
copy in order to gain a greater understanding of 
the mechanisms which affect photovoltaic per-
formance. An electron transfer rate constant of 
1.8 × 1010 s-1 was determined by transient ab-
sorption spectroscopy. The limitations of 
AgInS2-ZnS quantum dots in achieving greater 
photovoltaic efficiency are discussed. 

Keywords: AgInS2, solar cells, electron trans-
fer, transient absorption spectroscopy, emission 
quenching, quantum dots 
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Abstract: 
The addition of nanoparticles to a base fluid al-
lows artificially and purposefully regulate its 
thermophysical properties, thus opening a wide 
potential to create working fluids with specially 
designed  properties, suitable for new types of 
energy equipment. 
In recent years, the influence of nanoparticle 
additives on  the thermal conductivity and vis-
cosity of various base fluids have been investi-
gated. However, their impact on  vapor pressure 
and surface tension remains poorly examined, 
although these properties largely determine the 
heat transfer characteristics during phase 
change, as well as the efficiency of vapor com-
pression machines. 
This paper reports  the results of an experi-
mental study of the influence of the fullerenes 
C60 additives on the vapor pressure, surface 
tension and viscosity of the refrigerant 
R600a/compressor oil solutions. 
The stability of the fullerenes C60/compressor 
oil nanofluid is evaluated based on measurement 
of the light absorption coefficient made with a 
spectrophotometer in the wavelength range 360-
800 nm. The results show  an excellent stability 
of the prepared nanofluid samples for as long as 
two months. 
Measurements of the investigated thermophysi-
cal properties show that the fullerenes C60 addi-
tives also reduce the viscosity and surface ten-
sion of the refrigerant/oil solution. Furthermore, 
these results show good agreement with predic-
tions made with the SP-QSPR model described 
by Zhelezny et al. (2014) in a wide range of 
conditions. 
Experiments were also conducted to measure 
the efficiency of the vapor compression machine 
in the range of coolant mass flow from 
0.202·10-3 to 0.404·10-3 kg/s at the boiling and 
condensation temperatures of refrigerant 255 K 
and 301 K respectively. 
 

Results show that the addition of fullerenes C60 
in mass fraction 0.5 wt.% to the compressor oil, 
reduces the power consumption by an average 
of  4%. 

Keywords: nanofluid, refrigerant/oil solution, 
viscosity, saturated vapor pressure, surface ten-
sion. 
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Abstract: 
H2 evolution by photocatalytic watersplitting has 
attracted a lot attention as a clean and renewable 
solar H2 generation system. Despite tremendous 
efforts, the present great challenge in materials 
science is to develop highly active photocatalysts 
for splitting of water at low cost. Graphene, a 
single layer of graphite, has been reported to be 
an efficient catalyst for photocatalytic H2 
evolution because of its high specific surface area 
and superior electron mobility. Inside using 
graphene, metal oxide nanoparticle has wide 
attention due to high electron-hole production 
under solar irradiated. One of the best candidate 
for photocatalytic under solar irradiation is Fe2O3 
nanoparticle and MoSe2 nanosheets, which has 
been improve by adding graphene nanosheet. So,   
here we report a comparative study between 
Fe2O3/rGO and MoSe2/rGO nanocmposite. The 
photocatalytic water oxidation activity of 
hematite (α-Fe2O3) has been greatly enhanced by 
incorporating hematite nanoparticles on the 
reduced graphene oxide (rGO) nanosheets. 
Photoelectrochemical measurement results show 
that coupling the hematite nanoparticles with the 
rGO greatly increases the photocurrent and 
reduces the charge recombination rate. A three-
dimensional (3D) hybrid of rosebud-like MoSe2 
nanostructures supported on reduced graphene 
oxide (rGO) nanosheets was successfully 
synthesized through a facile hydrothermal 
strategy. The prepared MoSe2/rGO hybrid 
nanostructure showed enhanced electrocatalytic 
activity for watersplitting. In comparison with 
rGO/Fe2O3 nanocomposite due to synergic effect 
of two dimensional of MoSe2 and graphene 
nanosheets. 

Keywords: reduce graphene oxide, Fe2O3, RGo-
Fe2O3, MoSe2, RGo-MoSe2, photocatalysts, 
photoelectrochemical,	watersplitting.  

 

 
Figure 1: an illustrated FESEM Fe2O3. b 
illustrated FESEM MoSe2 
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Abstract: 
Lithium titanate spinel (Li4Ti5O12, LTO), used 
as the negative electrode material in Li-ion bat-
teries, has also been examined for the Na-ion 
battery recently. LTO is known as a “zero-
strain” and “high potential” negative electrode 
material with a formal potential of 1.55 V vs. 
Li/Li+. Na insertion in Li4Ti5O12 is accompanied 
with development of extra phase with an about 
4-5% larger unit cell volume which co-exists 
with LTO in a single particle and is identified as 
a Na-substituted LTO phase. 
In our work Na insertion into sol-gel made 
nanocrystalline spinel, Li4Ti5O12 (nano LTS) 
and reference commercial spinel (Aldrich LTS) 
was studied by cyclic voltammetry and gal-
vanostatic chronopotentiometry at 1C and 2C 
charging/discharging rates. Nanocrystalline LTS 
exhibited the best performance for Na storage, 
its charge capacities reach 156 mAhg-1 and were 
twice as high as those of reference Aldrich LTS. 
A capacity drop of nano LTS taking place dur-
ing galvanostatic cycling was ascribed to irre-
versible structural changes induced by Na ac-
commodation in the Li4Ti5O12 lattice. Raman 
spectroscopy of nano LTS after Na insertion 
revealed a formation of orthorhombic Li0,5TiO2 
phase in originally phase pure Li4Ti5O12. The 
occurrence of this phase, which is commonly 
formed during Li insertion into anatase, is dis-
cussed in terms of induced Li redistribution and 
its accommodation in amorphous-like nanocrys-
tals exhibiting just short-range ordering in nano 
LTS grain boundaries or defects sites. 
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Abstract: 
Adsorption of hydrogen in nanoporous materials 
promises to offer the ideal storage solution for 
the excess energy currently produced from re-
newable sources. Hydrogen is the ideal energy 
carrier as it burns cleanly releasing three times 
more energy per unit of mass than gasoline. 
Soon after the discovery of metal-organic 
frameworks (MOFs), it became apparent that 
these crystalline hybrid materials, could repre-
sent the ideal media for high density hydrogen 
storage. These inorganic-organic hybrid materi-
als with tunable pores and large surface areas 
(~103-104m2/g) could adsorb reversibly a large 
enough quantity hydrogen to compete with tra-
ditional compressed hydrogen systems which 
store hydrogen at 700 bar. But, owing to the fact 
that hydrogen binds only weakly (3-7kJ/mol) 
via van der Waals interactions to the atoms of 
MOFs, the enthalpy of adsorption for hydrogen 
is too small, which leads to poor adsorption per-
formance at room temperature. Various modifi-
cations in the MOF structures succeeded to in-
crease these binding energies, but not enough to 
improve dramatically the room temperature per-
formance of MOFs. 
In a recent work [1], it was suggested to apply 
an external polarizing electric field on the stor-
age material. The induced dipole-dipole interac-
tion between hydrogen and MOF’s atoms could 
increase the binding energies in a controllable 
way, leading to a better adsorption performance. 
We selected IRMOF-1 as our test system and 
used a multiscale approach we adapted for in-
cluding polarization effects to evaluate the ad-
sorption capacity of this material in electric 
fields. Our calculated adsorption isotherms for 
hydrogen at 300K and 77K show a 5% and 20% 
improvement in the excess uptake, respectively. 
These are consistent with the increases in the 
binding energies of hydrogen adsorbed on the 
atoms in the crystalline cell of IRMOF-1. De-
spite these increases in the binding energies, we 
are still far from achieving the optimal values of 
15-20kJ/mol. Moreover, the applied electric 
field is of the order of GeV/m, similar to the 
values chosen in the previous theoretical studies. 
These fields are much larger than the fields that 
could be conceivably used in a practical device. 

This research suggests that standard hydrogen 
storage in standard MOFs is not going to be im-
proved significantly by applying electric fields, 
and it is necessary to look for more polarizable 
porous materials.   
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Abstract: 
This paper proposes a novel and facile strategy 
to synthesize hierarchical nanostructured Ni-
Co2S4 on Ni foam by a simple hydrothermal 
reaction combined with a post anion-exchange 
reaction that was used directly as an electrode in 
supercapacitors and quantum-dot sensitized so-
lar cells (QDSSCs). By applying the appropriate 
material concentration, deposition temperature, 
and time, the NiCo2S4 were densely deposited 
over the entire surface of the Ni foam with good 
adhesion. The phase structure and morphology 
of the NiCo2O4, NiCo2S4, and NiCo2Se were 
characterized by X-ray diffraction, X-ray photo-
electron spectroscopy, and scanning electron 
microscopy. The hierarchical nanostructure of 
the NiCo2S4 electrode exhibited outstanding 
electrochemical performance in supercapacitors 
and QDSSCs with a high specific capacitance of 
1612.95 F/g, energy density of 56 Wh kg-1 at 5 
A/g, good cycling stability (only 3% loss after 
1000 cycles at 6 A/g), power conversion effi-
ciency of 3.94%, and Jsc of 12.27 mA/cm2. The 
NiCo2S4 electrode exhibited almost double the 
output values than that of NiCo2O4 (693.6 F/g at 
6.66 A/g and PCE of 1.81%) and NiCo2Se 
(1401.4 F/g at 10 A/g and PCE of 3.86%), re-
sulting from the excellent electrochemical per-
formance of the NiCo2S4. This study shows that 
the NiCo2S4 hierarchical nanostructure can be 
applied not only in high energy density fields, 
but also in high power density (energy storage, 
flexible electronics and electric vehicles) and 
energy harvesting applications. 

Keywords: quantum-dot sensitized solar cell, 
counter electrode, supercapacitor, charge trans-
fer resistance, stability test. 

 
Figure 6: Galvanostatic charge-discharge 
curves of the (a) NCO, (b) NCSe, and (c) NCS 
at current density of 6.66 A/g. (d) GCD curves 
of NCS nanotube arrays on Ni foam with dif-
ferent current density. (e) Specific capacitance 
(F/g) as a function of the different current den-
sity of 5, 8, 11.6, 15, 20, 23.3, 26.5, and 30 A/g. 
(f) Cyclic performance of NCS electrode at a 
current density of 23.33 A/g. 
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Abstract: 
Graphene and graphene-like materials have been 
intensively studied in the field of electrochemi-
cal energy storage, and in the last three years the 
research focus has been broaden on new layered 
2D-materials, such as MoS2 and other transition 
metal dichalcogenides. Recently, laser-induced 
graphene (LIG) has been proposed as an effi-
cient active material for flexible supercapacitor 
(SC) electrodes (Fig. 1a). This material consists 
of a 3D network of multilayer graphene (Fig. 
1b) obtained by a laser writing process on pol-
ymer surface  during which the sp3-carbon at-
oms in the polymer are photothermally convert-
ed to sp2-carbon atoms. Herein we report a rap-
id one-pot synthesis of MoS2-decorated laser 
induced graphene by direct writing of polyimide 
and S-PEEK foils. By covering the polymer sur-
face with a layer of MoS2 dispersion before pro-
cessing, we have been able to obtain an in-situ 
decoration of porous graphene network during 
laser writing (Fig. 1c), enabling both electric 
double layer and pseudo-capacitance behavior 
[1]. A deep investigation of the material proper-
ties has been performed to understand the chem-
ical-physical characteristics of the hybrid MoS2-
graphene-like material. Additionally a simple 
method to transfer the LIG porous layer ob-
tained onto polyimide sheet to a transparent and 
elastomeric substrate (PDMS) is proposed [2]. 
The elastomeric nature of the host matrix allows 
high deformation-tolerance of the supercapaci-
tors (Fig. 1d) that demonstrate great potential 
for the development of stretchable and wearable 
energy storage devices highly desired in appli-
cations such as artificial skin and other confor-
mal electronic systems.  

Keywords: Laser-induced graphene, flexible, 
supercapacitor, MoS2, PDMS, Polyimide 

 
Figure 1: 3D scheme of the LIG process (a); 
FESEM image of the LIG morphology (b); 
TEM image of the intercalated MoS2 flakes into 
LIG structure (c) and cyclic voltammetries of 
LIG/PDMS-based supercapacitor under differ-
ent streatching condition (d) – a digital photo-
graph showing the flexible device is reported in 
the inset. 
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Abstract: 

Currently, lithium-ion  batteries  (LIBs),1 

displaying energy densities of ∼120−150 Wh kg-1, 

are  dominating the ever-increasing market for 

portable electronic devices. Commercial LIBs are 

based on graphite anode, which exhibits a low 

specific capacity value of 372 mAh g-1,2 thus being 

unable to meet the requirement of high energy 

applications (e.g. electric vehicles or electrical 

storage system in renewable wind/solar plants).3 

In the quest for high capacity and energy density 

LIB electrodes, various anode materials have been 

proposed e.g., metal, metal oxide (Si, Sn, SnO2, 

etc.) and layered materials (few-, multi- layer 

graphene and transition metal dichalcogenide).4 

However, most of the poposed materials suffer 

capacity fading due to their large volume change 

during lithiation and de-lithiation. Amongst them, 

molybdenum disulfide (MoS2), having a 

theoretical specific capacity of 670 mAh g-1 and a 

large spacing layer (0.62 nm) which is favorable 

for Li+ intercalation with respect to graphite (0.34 

nm),5,6  has attracted great attention as a promising 

material for LIB anode.5 However, MoS2 as stand-

alone anode is limited by its low conductivity and 

electrode pulverization.6 These issues can be 

overcomed by decreasing the lateral size and 

thickness of MoS2 flakes to obtain short Li+ 

diffusion lengths, and by integrating MoS2 with 

carbon material to accommodate the volume 

change as well as improve the electrical 

conductivity.7 Current approaches to produce 

MoS2 flakes, e.g., hydrothermal,  solvothermal, or 

template assisted techniques6 require multi-steps 

synthesis and toxic precusors (ammonium 

thiomolybdate).6 Thus, we propose a simple 

approach to fabricate MoS2 nanoflakes by liquid 

phase exfoliation of bulk MoS2 in an 

environmentally friendly solvent. A thermal 

decomposition of carbon sources (polyacrylic acid) 

is exploited for the coating of the MoS2 flakes. 

The as-prepared  MoS2/C with three different C 

ratios (10%, 16% and 30%) are coated onto 

copper substrated as anode and tested in half cell 

configurations, to investigate the effect of various 

carbon content on electrochical properties of 

MoS2. As shown in HR-SEM images (Fig. 1), in 

case of MoS2 electrode, the flake morphology of 

MoS2 are clearly observed with sharp edges. 

However, with the increase in carbon content, this 

feature diminishes due to the integration of carbon 

with MoS2 flakes. The MoS2/C-16% (16 wt% of 

C) electrode exhibits a specific capacity of 521 

mAh g-1 after 100 cycles (Fig. 2a), as well as the 

lowest value (30 Ω) of charge transfer resistance 

(Rct) with respect to the other electrodes (Fig. 2b). 

Our study  demonstrates the optimization of the 

(electro)chemical properties of MoS2/C electrode 

by a simple carbon coating. Moreover, the carbon 

coating provides the mechanical stability of the 

electrode, avoiding its pulverization upon cycling 

(Fig. 2a). 

Keyords: liquid phase exfoliation, Li-ion 

batteries, MoS2, anode, carbon coating, stability.  

 

Figure 1: HR-SEM images of MoS2/C electrodes 

with different wt% C. 

 
Figure 2: a) Specific capacity and coulombic 

efficiency over charge/discharge galvanostatic 

cycles and b) impedance spectroscopy of MoS2/C 

electrodes with different wt% C. 
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Abstract: 
The development of catalysts for oxygen reduc-
tion reaction (ORR) is essential for using fuel 
cell as an alternative source of the renewable 
energy. In general, ORR is catalyzed by noble 
metal catalysts like Pt and Pd making it an ex-
pensive alternative, consequently these metals 
are being gradually replaced by cheaper and eas-
ily available non Pt group of metal and their al-
loy. In the present work, electrocatalytic activity 
of anisotropic Ag nanoparticles formed by using 
Cu salt as an etchant was investigated. three 
types of Ag nanoparticles were prepared in pres-
ence of different amounts of Cu salt as etchant. 
Thus, in Ag100(Cu salt)0, Ag50(Cu salt)50 and 
Ag67(Cu salt)33 nanoparticles. These different 
types of anisotropic Ag nanoparticles were then 
used for investigating the ORR in KOH electro-
lyte. The synthesized materials were character-
ized by transmission electron microscopy 
(TEM) and X-ray diffraction (XRD). The effect 
of Ag nanoparticle anisotropy (due to the differ-
ent amount of Cu salt etching) with respect to 
electrocatalytic performance was investigated by 
using techniques, such as cyclic voltammetry 
(CV), and linear sweep voltammograms 
(LSV). The study showed that the effect of 
Cu salt on Ag nanoparticles increased the 
electrochemically active area as well as ap-
parent electrocatalytic activity showing 
maximum for Ag67(Cu salt)33. According to 
Linear sweep voltammograms, the reduction 
peak position and the intensity of silver oxide is 
at lower applied potential for the Ag67(Cu  
salt)33 compared to Ag100(Cu salt)0, Ag50(Cu 
salt)50 nanoparticle. This phenomenon indicates 
a stronger adsorbed-oxygen interaction with the 
Ag etched by Cu salt than that in Ag100(Cu salt)0 
nanoparticle prepared without etchant. This 
stronger interaction between oxygen and silver 
facilitates the splitting of O-O bond thus increas-
ing the ORR kinetics. 
 
Keywords: Anisotropic AgNPs; Oxygen 
reduction reaction (ORR); Electrocatalysis; 
Cyclic volammtery; Linear sweep voltam-
mtery. 
 

 
 Figure: Figure illustrating the fundamental  
reduction of oxygen to water molecule on the as 
synthesized anisotropic Ag  nanoparticles in 
KOH solution.  
 
References: 

(1) A.D. Verma, R. Mandal, I. Sinha, , Rsc 
Adv 6(105) (2016) 103471-103477. 

(2) H. Qin, L. Jiang, Y. He, J. Liu, K. Cao, 
J. Wang, Y. He, H. Ni, H. Chi, Z. Ji, J 
Mater Chem A 1(48) (2013) 15323-
15328. 

(3) M. Malviya , R.N. Singh and P. Chart-
ier,J. New Materials  for Electrochem. 
Syst., 10 (2007) 181-186. 



 
 
 
 
 
 
 
 
 

Session VI: 
NanoMaterials for Environmental 

applications 
 



Photocatalysis of Doped ZnO nanomaterials: Importance of the 
Location of Dopants

T. Tsuzuki,1 * R. He 2
1Australian National University, Research School of Engineering, Canberra, Australia 

2 Deakin University, Institute for Frontier Materials, Geelong, Australia  

Abstract: ZnO is one of the most investigated wide-
bandgap semiconductor materials for photocatalytic 
applications. Doping of impurity elements in ZnO is 
frequently studied to enhance or reduce the photo-
catalytic activity. However, many conflicting results 
have been reported on the effects of dopants. For 
example, by doping Co in ZnO nanoparticles, Xu et 
al. reported increased photoactivity,1 whereas Nair et 
al. found reduced photoactivity.2 The effects of do-
pants on other properties such as bandgap energy and 
cathodeluminescence emission wavelength also 
showed conflicting results.3 The uncertainty in the 
doping effects is largely due to the insufficient char-
acterisation of doping states, in particular, the loca-
tion of dopant ions. This paper gives such examples 
in Co and Mn doped ZnO nanomaterials and discuss-
es how the location of dopants affects photocatalytic 
activities.4  

Mn-doped and Co-doped ZnO nanomaterials 
were synthesised using three techniques: 
mechanochemi-cal processing, hydrothermal 
methods and wet-chemical co-precipitation 
methods. Dopant concen-tration was varied from 
0 to 5 at%. UV-vis study showed reduced 
bandgap energy in both Co-doped and Mn-doped 
samples. X-ray diffraction (XRD) pattern showed 
only peaks associated with ZnO for both Co-doped 
and Mn-doped samples. The XRD pattern also 
indicated that the lattice constants shifted to higher 
and lower values by Mn-doping and Co-doping, 
respectively. These results are normally con-sidered 
sufficient to argue that crystal-doping was 
successful. However, zeta potential 
measurements and X-ray absorption spectroscopy 
(XAS) indicated the precipitation of Mn3O4 phase on 
the particle sur-face in Mn-doped ZnO. In 
contrast, zeta potential and XAS study on Co-doped 
ZnO indicated substitu-tion of Zn-ions with Co-ions. 
Photocatalytic activity of Mn-doped ZnO as a 
function of dopant level showed a trend similar to 
that of ZnO with Mn3O4 coating, whilst that of 
Co-doped ZnO showed a re-sponse to the amount of 
Co different from that of Co-decorated ZnO. This 
example demonstrates the im-portance of in-depth 
analysis in the location of do-pants using a 
combination of many techniques, which is often 
overlooked in the photocatalysis re-search. 

Keywords:  ZnO nanoparticle, doping, 
photocataly-sis. 

Figure 1: Fourier transform of Mn, Co and Zn K-
edge EXAFS k3χ(k) spectra for Mn-doped, Co-doped 
and undoped ZnO, respectively.  
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Figure 2: Rhodamine-B degradation rates of (a) 
mechanochemically synthesied Co-doped and Mn-
doped ZnO nanoparticles.  
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Abstract: 
Metal oxide nanocomposites have been devel-
oped for energy storage (supercapacitor) and 
photocatalysis applications. For getting a higher 
performance, various synthetic methods have 
been developed. Modifying the metal oxide 
nano structures with graphene, graphene oxide, 
or reduced graphene oxide have shown success-
ful results owing to their large surface area and 
high electrical conductivity. Using a mixed-
metal oxides instead of single metal oxide also 
resulted in a higher performance due to the syn-
ergistic effect of each metal component. Replac-
ing oxygen by sulfur also produced a promising 
results. Doping of graphene with nitrogen was 
also proven to be another method for improving 
the properties fo nanocomposites. Nickel foam 
has been getting tremendous attention as it pro-
vide a large surface area and large pores, togeth-
er with the high conductivity, that enables elec-
trolytes and charges penetrates freely. 

In this study, various methods of preparing 
highly active materials for energy storage, pho-
tocatalysts, and sensors have been investigated 
and discussed. In the synthesis of these materi-
als, a cleaner technology has been employed. 
These nanocomposites with high surface areas, 
high conductivities, and remarkable electro-
chemical properties are necessary for develop-
ing high-performance next-generation energy 
storage supercapacitors and photocatalysts. 
 
Keywords: metal sulfide, nanocomposite, ener-
gy storage, supercapacitor, graphene 

 
Figure 1: Synthetic routes of mixed-metal oxide 
nacocomposite: (a) hydrothermal deposition and 
growth, (b) electrochemical deposition, and (c) 
chemical vapor deposition/electrochemical dep-
osition.  

Figure 2: Schematic diagram of the MB degra-
dation on Ag-ZnFe2o4@rGO under UV and vis 
irradiation. 
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Abstract: 
Removal of dyes effluent is one of the most sig-
nificant and difficult to treat environmental 
problems since many of the dyes are of synthet-
ic origin and a complex molecular structure, 
making them more stable and difficult to biode-
grade. Drinking water is an increasingly scarce 
commodity, especially in the countries with the 
lowest human development index, where mil-
lions of people do not have any access to 
sources of clean water to meet their basic needs 
and often becomes vehicle diseases. That is why 
water pollution is an issue of vital importance to 
be solved. Sorption techniques produce high 
quality treated effluent and sorption processes 
have been investigated as a method of removing 
dyes wastewater . Amaranth is a typical synthet-
ic, watersoluble anionic dye. The amaranth dye 
has been banned in the United States since 1974 
because it is suspected carginogen. This sub-
stance appears to cause the most allergic and 
intolerances reactions of all the azo dyes, partic-
ulary among asthmatics and those with aspirins 
intolerance. Consequently, the wastewater con-
taining amaranth with various concentrations 
should be treated before. 
The adsorption of amaranth by attapulgite is 
studied in this work. Results show a strong in-
teraction between clays and the colorants be-
cause of the hydrogen bonds between the ama-
ranth and the adsorbent when the adsorption 
takes place.  

Keywords: Adsorption, clays, ultrasound tech-
nique, amaranth 

Figure 1: FT-IR Spectra: Systems Amaranth-
attapulgite obtained by aqueous adsorption 
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Abstract: 
Emerging micropollutants have potential ha-
zards to the ecosystem because of their incomp-
lete removal during wastewater treatment (Petrie 
et al., 2014). Legal regulations check macropol-
lutant concentrations in the effluents of the tre-
atment plants such as BOD5, COD, nitrogen, 
phosphorus, suspended solids and heavy metals. 
For this reason wastewater treatment plants are 
not designed to treat emerging micropollutants 
efficiently. Hospitals are one of the main sour-
ces of emerging micropollutants and hospital 
wastewaters are almost untreated before being 
discharged into municipal wastewater treatment 
plants via sewage systems (Frédéric et al., 
2014). Hospital wastewaters are not treated and 
directly discharged to the sewage systems in 
Turkey. Therefore, novelty of this study is to 
treat some emerging micropollutants (2,3,4,5,6-
Penta bromoethyl benzene; PBT, ibuprofen; 
IBU and N-nitrosodimethylamine; NDMA) in a 
raw hospital wastewater by photocatalytic 
processes in laboratory conditions choosing 
optimum experimental condition considering 
economy and time limitations for the first time 
in Turkey. The aim of the study was 
investigating the photocatalytic removal of 
2,3,4,5,6-Penta bromoethyl benzene (PBT; 
flame retardant), ibuprofen (IBU; anti-
inflammatory) and N-nitrosodimethylamine 
(NDMA; disinfection byproduct) in a raw hospi-
tal wastewater using titanium (IV) oxide (nano-
TiO2) because their presence in lower 
concentrations (ng L-1 to µg L-1) have been 
associated with respiratory tract irritation, 
toxicity to blood, respiratory and nervous 
system and possible carcinogenity, respectively. 
Nano-TiO2 was selected because of photostable, 
reusable, inexpensive and photoreactive 
properties. Two parallel experiments were 
carried out under sunlight at outdoor conditions 
and with UV lamps in laboratory conditions. 
Effects of nano-TiO2 concentrations (0.25; 0.50; 
1.00; 1.50 gr L-1), irradiation times (15; 30; 45; 
60; 90 min) and UV lamp powers (120; 210; 
300 W) on micropollutant yields were 
investigated while only sunlight power was 
constant (80 W) at a pH of 7.00 and at a 

temperature of 25 °C for all conducted 
experiments. Optimum experimental conditions 
were obtained with 1.00 gr L-1 nano TiO2 
concentration after 45 min irradiation time at 25 
°C at a pH of 7.00 under 210 W UV light 
power. As a result of this study, photocatalytic 
process with nano-TiO2 enables the 
photodegradation of PBT (93%), IBU (85%) 
and NDMA (80%) with the help of the hydroxyl 
radicals (OH•) occured via photocatalytic 
reactions in raw hospital wastewater efficiently, 
quickly and economically. The photocatalytic 
first order reactions showed that the PBT was 
removed with high reaction rate (k=16.99 day-1) 
following by NDMA (k= 7.49 day-1) and IBU 
(k=3.74 day-1). Furthermore , the photocatalytic 
metabolites of PBT, IBU and NDMA will be 
discussed. 
 
Keywords: emerging micropollutants, hospital 
wastewater, photocatalytic process, TiO2 nano-
particle. 
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Abstract:  
In present study Ag-TiO2-Reduced graphene 
oxide (Ag-TiO2-rGO) hybrid composites were 
synthesized by aqueous solution method with 
different loading of Ag and graphene oxide. The 
resulting hybrid catalysts were characterized by 
X-ray diffractometry (XRD), transmission 
electron microscopy (TEM), scanning electron 
microscope (SEM), energy-dispersive X-ray 
(EDX), Fourier transform infrared spectroscopy 
(FT-IR), Raman spectroscopy and UV–vis 
spectroscopy. The Photocatalytic efficiencies of 
the synthesized hybrid composites were 
determined by the degradation of petrochemical 
contaminated waste water (Benzene, Toluene and 
phenolic compound) under UV and visible 
irradiation in photochemical reactor under 
ambient conditions. It is found that the 
photocatalytic efficiency by Ag-TiO2-rGO is 
much higher than the bare TiO2, rGO-TiO2 under 
visible and UV irradiation. Degradation of 
petrochemical contaminant in water was 
estimated by gas chromatography (GC). This 
approach can be further used for degradation of 
wide range of organic pollutants even with the 
visible light irradiation. 
 
 
 
 
 
 
 
 
 
 
 
 

Keywords: Ag-TiO2-Reduced graphene oxide 
(Ag-TiO2-rGO) hybrid composites, 
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Abstract: 
Pollution of water by chemicals and microbes in 
various types of water has threatened not only 
human health but also our ecological systems.  
Titanium has shown its potential as photocata-
lytic remediator in fluidal environment. Carbon 
nanotubes (CNTs), on the other hand, has 
shown its unique electrochemical properties in-
cluding large surface to volume (and mass) ratio 
that can prolong the duration of electron separa-
tion for facilitation of free radical formation 
which, in turn, can increase the efficiency of 
chemical and microbial removal from contami-
nated water.  This study investigated the poten-
tial role of photocatalytic titanium-CNT hybrid 
generated by Sol-Gel method in the removal of 
chemicals (Fig. 1).  Methylene blue (MB) was 
used as a representative chemical for our prelim-
inary testing in neutral pH condition with one 
solar unit equivalent UV exposure condition.  
The mixing ratio between titanium (in the form 
of TTIP) and multiwall carbon nanotubes was 
changed between 10:1 to 50:1 for finding an 
optimal condition.  The same hybrid material 
was also used to test its efficiency with different 
saline condition upto 3.5% to simulate ballast 
water condition.  Results indicated that titani-
um-CNT hybrid photocatalytic material re-
moved over 95% of MB within 3 hours of one 
solar unit equivalent UV exposure.  The hybrid 
material also showed a potenal for its efficiency 
under visible light range in addition to UV range 
although its response rate was slower under vis-
ible light exposure condition.   

Keywords: Titanium-carbon nanotube hybrid, 
photocatalysis, electrochemical property, sol-gel 
method, fresh water, ballast water, UV and Vis-
ible light. 

Figure 1: Figure illustrating how titanium par-
ticles used (in the form of TTIP) through sol-gel 
method evenly distributed and dopes on the sur-
face of multiwall CNT.  Size bar is 100nm size.  
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Abstract: 
Providing adequate supply of clean fresh water 
and energy as the world’s population increases 
is one of the grand challenges facing society in 
the current century. One possible solution to 
address both challenges is to recover clean water 
for reuse and energy from wastewater by 
integrating micro- or ultra-filtration membrane 
cathodes with microbial electrolysis cells 
(MECs) in what is referred to as electrochemical 
membrane bioreactor (EMBR). The porous 
cathodes serve the dual function as the cathode 
for hydrogen evolution reaction (HER) and 
membrane for the filtration of treated water. 
Here, we demonstrated for the first time the 
development of a novel electro-catalytic and 
microfiltration polymeric hollow fibers by 
combining the fabrication of porous polymeric 
hollow fibers made of fluorinated 
polyoxadiazole (POD) by phase inversion, 
followed by deposition of a very thin layer of 
nano-platinum (Pt) catalyst on the outer surface 
(Figure 1) by atomic layer deposition (ALD) to 
make the porous POD hollow fibers electro-
catalytic. High resolution transmission electron 
microscope image of the Pt film confirms that 
the catalyst layer on the POD hollow fiber 
membrane surface is assembled by nano-sized 
Pt particles. The electro-catalytic and filtration 
efficacy of the porous hollow fiber cathodes 
were tested in EMBR using acetate or real 
wastewater as fuel source. Despite significantly 
lower Pt loading, the electrochemical perfor-
mance of the porous hollow fiber cathode was 
comparable to the benchmark Pt-carbon cloth 
cathode. The ALD technique facilitated the uni-
form coverage of the porous hollow fibers with 
low Pt loading, which minimizes the costs asso-
ciated with the use of noble-metal catalysts. 
Platinum was used here as a model catalyst be-
cause of its high electrochemical activity to-
wards HER and to demonstrate the feasibility of 
this new approach. In the future, one may ex-
plore lower-cost materials for current collection 
and catalysis. By using ALD method, we were 
able to fine tune the pore size of the porous hol-

low fibers resulting in high quality water (tur-
bidity <0.1 nephelometric turbidity units) ena-
bling reclamation of treated effluent. The supe-
rior performance of the porous hollow fiber 
cathode for membrane fouling mitigation was 
attributed to the in-situ cleaning by hydrogen 
bubble formation and other factors associated 
with HER activity.  

Keywords: atomic layer deposition, porous hol-
low fiber cathode, biofouling, resource recov-
ery, membrane bioreactor, nano-platinum. 

  
Figure 1: (A) Transmission electron micro-
scope image showing a close up vied of the de-
posited Pt layer on the surface of the porous 
hollow fiber cathode. (B) Scanning electron 
microscope image showing the deposited Pt 
layer on the surface of the porous hollow fiber 
cathode 
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Abstract: 
Membrane processes including reverse os-
mosis (RO), forward osmosis (FO), mem-
brane distillation (MD), and pretreatment 
membranes (UF/NF) are rapidly expanding 
as economic and efficient desalination and 
water purification technologies. Conven-
tional polymeric materials often cannot tol-
erate high temperatures, corrosive media, 
and membrane fouling, which are challeng-
es major challenges facing membrane based 
water treatment processes. This talk will be 
discussing our recent development of ad-
vanced membranes that enable ultrafast wa-
ter permeation while maintaining good me-
chanical properties is very important for the 
water purification and desalination technol-
ogies.  
Graphene oxide (GO) emerged recently as 
an alternative for manufacturing ultrathin, 
high-flux and energy-efficient sieving 
membranes because of its unique two-
dimensional (2D) and atomically thin struc-
ture, outstanding mechanical strength, good 
flexibility, as well as possibility of facile 
solution processing. In our lab we have used 
other low-dimensional materials and devel-
oping composite membranes containing GO 
which helped to achieve efficient water flux 
and ions sieving through size-selective na-
nochannels, but does not solve all problems. 
More recently, we have presented two-
dimensional Ti3C2Tx (MXene) as novel wa-
ter desalination/purification membranes. 
MXenes are a new family of atomically 
thin, two-dimensional (2D) transition metal 
carbides and carbonitrides that can chal-
lenge graphene and other well-studied 2D 
materials due to a unique combination of 
properties and a large diversity of composi-

tions. MXenes show metallic conductivity 
combined with a negative surface charge 
and hydrophilicity which adds a possibility 
to control ion flux and biofouling by apply-
ing a small potential to the membrane. 
Ti3C2Tx shows a much higher antibacterial 
efficiency toward both Gram-negative and 
Gram-positive bacteria. Consequently 
MXene membranes showed high resistant to 
bio-fouling and offer bactericidal properties 
to the new UF/NF membranes. We used 
density functional theory (DFT) calculations 
to understand the mechanisms of charge-
selective ionic transport through MXene 
membranes. We confirmed the charge selec-
tivity originates from the charged nature of 
the MXene layers.  
We introduced new class of 2D carbon 
membranes and membrane coatings for wa-
ter treatment, which may also find applica-
tions in other separation/filtration processes 
in liquids and gases.  

Keywords: MXene, Graphene, membranes, wa-
ter treatment, nanoparticles 
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Abstract: 
We propose an original experimental method 
based on NMR at variable magnetic fields exper-
iments (NMRD) and a theoretical analysis of the 
data that allows probing the spatial dependence 
of the diffusion coefficient of liquids specifically 
at proximity to pore surfaces. One of the key re-
sults found from these experiments is the linear 
relationship between average parallel diffusion 
coefficients and pore radii1. Another result is the 
robustness of the frequency scaling1, 2, 3, 4 of the 
master curve approach able to take into account 
the complexity of the water dynamics at pore sur-
face for samples of different geometries. This 
approach has proven useful for evaluating the 
efficiency of the coupling between liquid layers 
within nanopore by extracting gradients of diffu-
sion coefficients. The application of this method 
to water confined in synthesized calibrated 
nanopores like MCM-41 for cylindrical 
geometry5 and SEOS for spherical geometry6 has 
been successful to deal with several dynamical 
processes on pore surface for different materials. 
This shows the ability of the proposed method to 
discriminate between the influence of the 
geometrical confinement on intrapore dynamics 
and the chemistry of the interface induced by 
different synthesis of the materials. For instance, 
the frequency selectivity of NMRD profiles has 
been able to separate the different couplings 
coming from the spatial heterogeneities on the 
pore surfaces1, 2 . This frequency selectivity of 
NMRD has also allowed discriminating several 
steps of a complex dynamics process composed 
by both loops in water and surface diffusion 
during adsorption events7, 8, 9. Based on our 
experimental and theoretical results, we believe 
that the proposed noninvasive method allows 
exploring the interplay between molecular and 
continuous description of fluid dynamics relevant 
in physical and biological confinements. 

Keywords: Calibrated nanoporous silicates, Dy-
namics of confined water. Noninvasive method. 

Figure 1: 1H NMRD profiles of MCM-41 satu-
rated samples with 3.3 nm (diamond) and 11.8 
nm (square) pore diameters (main figure). In in-
set, the master curve obtained by scaling both 
relaxation rate and frequency by the factors fR1 = 
1.6 and ffreq = 3.3/11.8, respectively is superposed 
to the MCM-41 of 11.8 nm pore diameter. 
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Abstract: 

The main problem arising upon water treatment 

and desalination using pressure driven membrane 

processes such as microfiltration, ultrafiltration, 

nanofiltration  and reverse osmosis  is membrane 

fouling that seriously hampers the application of 

the membrane technologies [1]. One of the main 

approaches to mitigate membrane fouling is to 

minimize adhesion interactions between a 

foulant and a membrane [2]. Surface coating of 

the membranes  with polyelectrolytes seems to be 

a simple and flexible technique to improve the 

membrane fouling resistance [3].  

In this study composite polyamide membranes 

NF-90, NF-270 and BW-30 were modified using 

electrostatic deposition of polyelectrolyte 

nanolayers made from various polycationic and 

polyanionic polymers of different molecular 

weights. Different  anionic polyelectrolytes such 

as: poly(sodium 4-styrene sulfonate), 

poly(vinylsulfonic acid, sodium salt), poly(4-

styrene sulfonic acid-co-maleic acid) sodium 

salt, poly(acrylic acid) sodium salt (PA) and 

cationic polyelectrolytes such as 

poly(diallyldimethylammonium chloride), 

poly(ethylenimine) and poly(hexamethylene 

biguanide were used for membrane modification.  

An effect of deposition time and a number of 

polyelectrolyte layers on the membrane 

modification has been evaluated. The surface 

morphology of the prepared composite 

membranes were studied using atomic force 

microscopy. It was shown that the surface 

membrane roughness decreases significantly as a 

number of the polyelectrolyte layers on the 
membrane surface increases. This smoothening 

of the membrane surface might contribute to the 

reduction of membrane fouling as lower 

roughness most often associated with a decrease 

in surface fouling It was shown that the surface 

charge of the membranes modified with 

polyelectrolytes can be switched between 

positive and negative after coating with a cationic 

or an anionic polyelectrolyte. On the other hand 

the water contact angle was strongly affected 

when the outermost polyelectrolyte layer was 

changed. 

Finally, a distinct difference in the performance 

of the noncoated membranes and the 

polyelectrolyte modified membranes was found 

during treatment of seawater in the non-

continuous regime. A possible mechanism of the 

higher fouling resistance of the modified 

membranes has been discussed.  

Keywords: surface modification, 

polyelectrolytes, membrane fouling,  atomic 

force microscopy 

 

 

 

 

 

 

 

 

 

Figure: AFM images of initial NF90 

membrane (a) and modified samples with a 

different number of polyelectrolyte 

nanolayers: (b) – 2; (c) – 4; (d) – 8 layers.  
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New Hetero-bimetallic Alkoxides [CdIIMV(OiPr)7]2 (M = Nb, Ta) 
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Abstract: 
The prime focus for the controlled synthesis is the quest for new hetero-bimetallic single source 
precursor compounds for new materials.	Therefore, series of novel hetero-bimetallic single source 
precursors (SSP) with a formula [CdIIMV(OiPr)7]2 (M = Nb(1), Ta(2)) to result in direct selective 
decomposition to pyrochlore Cd2M2O7 metal oxides has been developed. The synthetic strategy exploits 
the lewis acidic nature of cadmium alkoxide resulting in successful isolation of bimetallic complexes. 
These compounds have been thoroughly characterized by spectroscopic methods and single crystal 
XRD. Spray Pyrolysis and TG-DTA analysis showed that complex 1 and 2 undergo clean facile thermal 
decomposition at 600°C to give the respective ternary phase. Temperature variable X-ray diffraction 
analysis of 1 additionally proved the possible formation of crystalline Cd2Nb2O7 phase. The oxide ion 
conducting phases have been produced by direct pyrolysis of the precursor molecules to achieve the 
desired pyrochlore structure to utilize its unique	 photocatalytic properties towards degradation of 
organic pollutants like rhodamine b. 

 
Keywords: 

Hetero-bimetallic complexes, cadmium, single source, pyrochlore, photocatalysis, TiO2, columbite, 
microwave,   
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Abstract: 
The presence of small amounts of acetylene in 
ethylene obtained from thermal cracking of oil 
compounds is considered as an impurity in the 
ethylene-based polymerization reactions. Con-
ventionally, hydrogenation reaction is proposed 
as a major method for ethylene purification [1]. 
In this work,  Pd-Ag bimetallic alloy decorated  
over a  nitrogen  doped  graphene  support by 
polyol reduction process, then applied for selec-
tive hydrogenation of acetylene in an ethylene-
rich flow stream. Nitrogen doping of graphene 
can  influence  the growth kinetics of metal na-
noparticles  that  lead  to  their small particle 
size, uniform dispersion, and different morphol-
ogy. Also, nitrogen doping of  the support mate-
rials can give better chemical binding between 
support and metal nanoparticles resulting en-
hanced stability [2]. TEM image of Pd-Ag/NG 
in Figure 1 shows that Pd-Ag  nanoparticles are 
uniformly dispersed over nitrogen doped gra-
phene with high dispersion and narrow size dis-
tribution (5-6 nm). Performance tests of Pd-
Ag/NG nanocatalyst were conducted for selec-
tive hydrogenation of acetylene from the eth-
ylene rich stream(contains 80, 17.6, 1.4, 1 Vol 
% for ethylene, ethane, hydrogen and acetylene, 
respectively) at 40–200 °С. Pd-Ag/NG nanocat-
alyst showed excellent ethylene conversion and 
selectivity and also, its selectivity  increased 
with both temperature and acetylene conversion 
Figure 2 shows  the acetylene  conversion  and  
ethylene  selectivity  versus  temperature  during  
the reaction for Pd-Ag/NG catalyst with 1:1 mo-
lar ratio of Pd to Ag. Catalytic behavior of Ag-
promoted Pd catalysts is affected by geometric 
and electronic factors which are more pro-
nounced in the case of Ag/Pd=1. Ag played 
significant role along with Pd as a hydrogena-
tion reaction catalyst, enhancing simultaneously 
acetylene conversion and ethylene selectivity. 

Keywords: Hydrogenation catalyst, Nitrogen 
doped graphene, Pd-Ag alloy, Selective acety-
lene hydrogenation. 

 
Figure 1: TEM image of Pd-Ag/NG 

 
Figure 2: Acetylene conversion and ethylene 
selectivity for Pd-Ag(1:1)/NG catalyst 
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Abstract 
The aim of this research is to investigate how 
the covalent grafting of APTES at the surface 
of cocoa shell (CS) may improve its activity 
for the adsorption of CO2 at 20°C. Pure cocoa 
shells (CS) are agricultural by-products, 
usually inexpensive and abundantly available. 
They were functionalized by covalent grafting 
of (3-aminopropyl) triethoxysilane (APTES) 
and subsequent immobilization of cobalt 
nanoparticles (Co-NPs) by insertion in mixed 
solvent (ethanol/water 75/25 v/v) at 80°C. 
Physical and thermal properties of the 
adsorbents like analysis stability, surface 
charge and morphology were investigated by 
FTIR, SEM, EDX, BET, DSC and zeta 
potentiometry techniques. The mechanism for 
the CO2 capture by the CS- APTES-Co was 
investigated by FTIR and EDX, and the results 
indicated a high CO2 capture capacity. The 
favorable adsorption of the as-prepared 
materials was mainly attributed to their 
original structure (i.e., surface area, functional 
groups, and the Co-NPs). The adsorption 
capacity was also remarkably increased from 
0.018 mmol CO2.g-1for the raw material to 
0.24 mmol CO2.g-1 after surface modification. 
This work should open up a new pathway to 
slow down the atmospheric CO2 as well as 
resolve the pollution of waste biomass. 
 
 
 
 
 
 
 
 
 
 
 

Keywords: APTES; cocoa shell; cobalt NPs; 
functionalization; CO2 capture. 
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Abstract: 

 

 

Application of nanoparticle viz. Zn, Fe, Cu etc. in agriculture 

have shown increase in crop yield and Nutrient Use Efficiency 

(NUE). Due to increase in activity related to high surface to 

mass ratio, such particles can be used as a tool for faster entry 

in the stomata, cuticle, root tips, rhizodermis, root junctions 

and wounding of the plant. After entry in to the plant, they 

trigger the enzymes during the transportation. In the present 

study, the Nitrophosphate (NPK complex fertilizer-Suphala)- 

ZnO nanoparticle composite enters in to the plant system and 

change the spinach (Spinacia Oleracea L.) plant metabolism.  

As a result the NUE improved to the tune of eight times against 

the recommended dose of fertilizer (RDF) of the crop. It has 

also improved the vegetative growth hence the yield of the 

crop. There was a gradual increase in the yield with decrease 

in the RDF by keeping ZnONP at constant rate. The reduction 

in the yield was noticed after 12.5% RDF which explains 

optimization of RDF-ZnONP combination (figure 1). The 

decrease in concentration of NPK nutrient particles facilitates 

easy access to nanoparticles and thus the interaction between 

them increases. Due to this, efficiency of the nutrient particle 

has shown remarkable response. The minute quantity of 

ZnONP i.e.1246 mg/Ha has influenced the activity of NPK 

bulk particles such that NUE has increased as much as eight 

times. This has initiated the idea of designing new 

nanofertilizer composition. The reduction in the dose of 

fertilizer will decrease 1) losses due to mineralization 2) 

environmental pollution, 3) sustainable use of non-renewable 

resources, 4) decrease in stress on logistics 5) a great step 

towards sustainable agriculture and hence 6) food security. 

The study also shows new direction for application of 

nanoparticles in the formulations of nanofertilizer with 

increased NUE as well as food security. 

 

Keywords: Nanoparticles, recommended dose of fertilizers, 

nutrient use efficiency, Nitrophosphate, Suphala. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Influence of ZnONP in increasing the 

yield  

of Spinach crop by decrease in % fertilizer 

recommended dose. Where T-1, T-2, T-3, T-4, 

T-5, T- 

6, T-7, and T-8 are 100% RDF (control),100 % 

RDF+  

ZnONP, 50% RDF+ ZnONP 25% RDF + 

ZnONP, 

12.5%+ ZnO NP, 6.25%RDF+ ZnONP, 5% 

RDF+  

 ZnONP, and No fertilizer respectively. 
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Novel ionic liquid bonded magnetic nanoparticle decorated zeolite 

nanocomposite for excellent catalytic reduction of dyes 
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Abstract: 

Novel 2,3-epoxypropyl-n-methyl pyrrolidinium 

salicylate [EPpyr]+[Sal]- ionic liquid bonded iron 

oxide (Fe3O4)magnetic nanoparticle modified 

zeolite nanocomposite (Fe3O4/IL/Zeolite) was 

synthesized via facile chemical method and 

characterized by fourier transform infrared 

spectroscopy, scanning electron microscope, 

energy dispersive X-ray spectrometry,      

transmission electron microscopy and        

thermogravimetry  and differential scanning 

calorimetry to evaluate their functional groups, 

physical, chemical, surface morphology and 

thermal stability nature of the material. In this 

case, ionic liquid and iron oxide magnetic     

nanoparticles were synthesized and 

characterized. Both these compounds contribute 

enhancing binding, efficacy and thermostability 

of the nanomaterial. Researchers were 

established  zeolite based nanocomposite with 

graphene oxide or ionic liquids for application of 

dyes reduction and separation of CO2.1,2 The new 

nanocomposite acts as an excellent catalyst for 

reduction of different dyes such as methylene 

blue, allura red and  methyl orange and it can be 

monitor by UV-Visible spectroscopy. 

Furthermore, the catalyst was removed after 

completion of reaction, purified and recycled for 

several times with negligible loss of activity. In  

addition, the reduction reaction could occur in 

aqueous solution making this is an economical, 

eco-friendly and effective prptocol. 

Keywords: Epoxypropyl pyrrolidinium, 

Magnetic nanoparticles, Zeolite, Ionic liquid, 

Nanocomposite. 

 

Figure 1: Ionic liquid bonded Fe3O4 decorated 

Zeolite nanocomposite (Fe3O4/IL/Zeolite). 

References: 

1. Tang, M., Li, X., Gao, C., Li, X., Qiu, H. 

(2017) Adsorption performance of 

CuFe2O4/rGO nanocomposites towards   

organic dye, Mat. Chem. Phy., 185,       114-

121 

2. Hudiono, Y. C., Carlisle, T. K., Bara, J. E., 

Zhang, Y., Gina, D. L., Noble, R. D. (2010) 

A three-component mixed-matrix        

membrane with enhanced CO2 separation 

properties based on zeolites and ionic     

liquid materials. J. Memb Sci., 350 (1-2) 

117-123 



EFFECT OF NANO-ZnO-SiO2 ON THE PHOTODEGRADATION 
OF OLIVE MILL EFFLUENT, RECOVERIES OF NANO-ZnO-SiO2, 

POLYPHENOLS AND UTILISABILITY   OF TREATED 
WASTEWATER AS IRRIGATION PURPOSE 
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Abstract: 
Olive oil mill wastewater contains high 
concentration of organic matter, acidic pH 
values, suspended solids and high content of 
phenols and polyphenols which are toxic 
substances. In this study, Nano-ZnO-SiO2 e was 
used to treat the pollutants from the olive mill 
industry wastewaters by photo-degradation. ZnO 
is an n-type semiconductor with a wide direct 
bandgap of 3.37 ev. ZnO microcrystal showed 
also good photocatalytic activity for wastewater 
containing phenol. One of the most promising 
methods to increase the photocatalytic 
efficiency is surface modification of ZnO, this 
can be achieved by metal such as SiO2 doping 
into the ZnO catalyst. Dopant can act as a sink 
to collect photogenerated electrons from the 
conduction band of the semiconductor. Thus, it 
hinders the recombination of photogenerated 
electrons and holes through increasing the 
charge separation.  The aim of this study is to 
remove of COD, total phenol, total solid (TS), 
total nitrogen, total phosphorus. Furthermore the 
recovery studies of polyphenols (gallic acid, 
para coumaric acid, t-para coumaric acid) were 
studied from the OMW by nano-ZnO-SiO2 
composite with adsorption and photocatalytic 
treatment (UV and sunlight). The optimum 
treatment conditions were determined to remove 
the pollutans. The maximum removal 
efficiencies were obtained with UV treatment. 
The maximum yields of COD (78%), total 
phenol (86%), TS (77%) and total nitrogen 
(100%) were obtained with 1 g/L nano-ZnO-
SiO2 composite excluding total phosphorous (5 
g/L). The maximum yields of COD, total 
phenol, TS and total nitrogen were obtained 
after 15 min excluding total phenol (90 min) and 
total nitrogen (60 min). The maximum removal 
efficiencies of COD, total phenol and TS were 
obtained at original pH of OMW (4.01) 
excluding total nitrogen (pH 7), total 
phosphorous (pH 10). In the treatment of OMW 
with sunlight 3 g/L Nano-ZnO-SiO2 composite is 

required for maximum yields of COD (77%), 
total phenol (73%), TS (64%) and total nitrogen 
(96%) excluding total phosphorous (5 g/L). The 
maximum yields of COD, total phenol and TS 
were obtained at original pH of OMW (4.01). 
The maximum yields of total nitrogen and total 
phosphorous (80%) were obtained at pH 7 and 
10, respectively. In the reusability studies of the 
Nano-ZnO-SiO2 composite it was found that  the 
same nano-composite can be used again six 
sequential times for treatment of OMW 
throughout photocatalytic treatment with UV. 
1euro was spent for 20 UV lamps, while the 
chemical cost, electricity consumption and 
nanocomposite cost were only 0.3 euro for the 
treatment of  liter of OMW. Treated OMW was 
also examined for the irrigation purpose 
according to limits of irrigation criteria in 
Turkey. Gallic acid, para coumaric acid and t-
para coumaric acid were recovered with yields 
varying between 85% and 93% 

Keywords: Nano-ZnO-SiO2, Photocatalytic de-
gradation, Polyphenols, Olive mill Wastewater, 
Recovery, Reuse UV Irradiation, Irrigation. 
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Abstract: 
For  the  past  few  decades,  semiconductor  
industry  has  well  developed  sector  in  Ma-
laysia  and  many  other  countries  around  the  
world.  In  the  next  few  years,  this industry  is  
expected  to  expend  its  growth  to  a  wider  
prospect  (Ahmed et al., 2011).  The  electric  
and  electronic  industry  has  assumed  the  role  
of  a  prime  mover  in  the  Malaysian  economy  
securing  foreign  investment  and  creating em-
ployment.  According  to  the  Malaysia  In-
vestment  Performance  Report  2015,  exports  
of  electrical  and  electronic  products  account-
ed  for  RM277.9  billion  and contributed  44.4  
percent  of  total  manufacturing  goods  in  
2015  (Growth, 2015). 
 The  semiconductors  are  used  in  various  
types  of  equipment  such  as  computer devic-
es,  telecommunication  devices,  consumer  
electronic  products,  electronic control  devices,  
scientific  and  also  in  medical  test  equipment.  
Water  is  fundamental  to  the  manufacture  of  
semiconductors.  The  semiconductors  pro-
duced must  be  rinsed  after  produced,  which  
require  massive  amount  of water.  According  
to  (GWI 2009),  industry  statistics  indicate  
that  creating  an  integrated  circuit  on  a  300  
mm  wafer  requires  approximately  2200  gal-
lons  of  water  in  total,  of  which  1500  gal-
lons  is  ultra-pure  water.  Ultra-pure  water  
which  is  defined  as  water  of  utmost  purity  
and  without  presence  of  microorganisms,  
minerals,  or  trace  organic  or  nonorganic  
chemicals  (Lee & Choi, 2012).  It  is  widely  
used  in  polishing  the  semiconductors  
(Hernon, Zhang, Siwak, & Schoepke, 2010)  
and  hence  large  amount  of  wastewater  is  
produced  from  the  effluents  of  semiconduc-
tor  industry. 

Keywords: silica dioxide, zinc oxide, metal ox-
ide, engineered nanoparticles, dynamic light 

scattering, zeta potential, particle size, aggrega-
tion, disaggregation, potable water. 
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Abstract: 
The sustaining of Moore’s law requires continu-
al transistor scaling. Therefore, the adoption of 
emerging materials will surely prove extremely 
valuable for future nano-electronic applications.  
Several emerging devices such as Si nanowire, 
carbon nanotube, III-V compounds field effect 
transistors (FETs) all hold promise to be poten-
tial candidates to extend Moore’s law. Presented 
here is a systematic work of random oriented 
SiCN tubes, nanowire/conical rod and 2-D 
graphite/seaweed structures including a design 
of an integration of nano-electronic device flow. 
The electronics performances of emerging mate-
rials are considered in detail. The integration of 
nanostructure materials into Si-based metal-
oxide semiconductor field effect transistors 
(MOSFETs) was adopted by selective pattern-
ing processes. In this study, we employed two 
methods to make horizontally aligned nanotube 
field effect transistors (HFET) and vertical 
aligned nanotube field effect transistors (VFET). 
The CoSi2 catalysts, used to enhance nanotube 
growth, were patterned in the trench or holes to 
control the growth directions vertically. The 
NiSi2 was patterned in the parallel plate to grow 
nanotubes horizontally. It is clear that field 
alignment, using applied direct current bias (-
200V), effectively direct nanotube growth per-
pendicularly to the substrate. Moreover, the cat-
alyst density is also important in determining 
nanotube growth direction. Likewise, gaseous 
sources play crucial role in controlling nanotube 
growth orientations. When the flow of gas is 
guided horizontally with respect to the substrate, 
nanotubes will grow in the same direction. Two 
catalysts plates produce horizontal nanotube 
growth while separate catalyst islands lead to 
horizontal nanotube formation. The current den-
sity-electric field (J-E) curves of SiCN crystal 
and tubes, vertical nanotubes and horizontal 
nanotubes are compared. The current density-
electic field (J-E) curves of SiCN tubes and 
SiCN crystals at 1mA/cm2 is obtained at 2.56 
and 7.98V/um, with a turn-on electric field 
(Eturn-on) of 1.57 and 4.32 V/um for horizontal 

nanotubes and vertical nanotubes at a current 
density of 1mA/cm2, respectively.  The current 
density of 1mA/cm2 for nanotubes at trenches 
and holes is obtained at 3.97 and 6.30 V/um. On 
account of Moore’s law, which relies on con-
stant transistor scaling, emerging materials, such 
as Si nanowires, carbon nanotubes and III-V 
semiconductor FETs, are expected to transform 
future nano-electronics applications validating 
this theory. This study demonstrates how depo-
sition methods for selective nanotubes will lead 
to vertically and horizontally oriented growth. 
The development of nanostructure materials 
with unique electrical properties may therefore 
expand nano-electronic device applications. 
 

 
 
Fig (a) Selective nanotube growth in designed hole arrays 
(b)Top-views SEM image of tubes, (c) Zoom in image of 
(b),  (d)  Selective horizontal nanotube deposition on paral-
lel Ni plates, (e) (f) Zoom in TEM images of horizontal 
nanotube images, (g) Vertical nanotube deposition (h) 
Horizontal nanotube deposition (f) J-E curves of Si-C-N 
tubes and crystals.   

Keywords: nanotube, CMOS, electronic device, 
FET, catalyst, semiconductor, nanotechnology 
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Abstract: 
Graphene is an appealing material for optoelec-
tronics applications. It has various extraordinary 
properties, including ultrahigh mobility at room 
temperature, which enables fast response times. 
Colloidal  quantum  dots (QDs) exhibit  unique  
optical  properties  of  spectral  tunability  and  
high  absorption  coefficients. We combine the 
favourable electronic properties of graphene 
with the optical characteristics of QDs to realize 
a novel hybrid graphene-QD phototransistor for 
light detection in visible and infrared ranges. 
The unique electronic properties of graphene  
enable  us  to  tune  the  sensitivity  and  operat-
ing  speed  of  the detector. The implementation 
of nanoscale local gates enables a locally tuna-
ble photoresponse, which is useful for pixelated 
imaging applications. We exploit gate-tunability 
of the phototransistor to maximize the respon-
sivity, gain and external quantum efficiency 
(EQE) of the detector or to fully reduce them to 
zero. We also demonstrate our novel approach 
to fully suppress dark currents in graphene-
based photodetectors and increase operation 
speed of our devices. Our single and multipixel 
photodetectors can be fabricated on various sub-
strate, including the flexible ones, and operate at 
up to 90 frames-per-second rate. Most recently, 
we have demonstrated a monolithic integration 
of the hybrid detectors with CMOS read-out 
electronics to create a broadband 388×288 pixel 
image sensor array. The resulting technology is 
extremely promising for visible and, more im-
portantly, short-wave infrared (SWIR) imaging 
applications. Sensing and imaging in SWIR 
range lies at the heart of safety and security ap-
plications in civil and military surveillance, 
night vision applications, automotive vision sys-
tems for driver safety, environmental monitor-
ing and food inspection. 

Keywords: photodetectors, sensors, CMOS, 
graphene, colloids, quantum dots, nanocrystals, 
nanomaterials, infrared imaging, surveillance, 
food inspection, flexible electronics. 

 
Figure 1: Schematic of the hybrid graphene – 
QD photodetector.  

 

Figure 2: Responsivity and EQE of the inte-
grated devices as a function of gate voltage 
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Abstract: 
Graphene, due to its superior electrochemical 
performance, is widely used as energy storage 
material, especially in the area of supercapaci-
tors. However, ion transport is limited due to its 
large lateral size. How to improve the utilization 
of the graphene material as well as enhance the 
energy storage capacity is still under a long way. 
Recently, more studies are focused on graphene 
nanomesh, which can prevent the restack of 
graphene and faciliate the 3D transport of ion. In 
this regard, our recent studies focus on tuning 
the nanomesh size and density of graphene by 
controlling the concentration of the stannous 
chloride solution and the time of high-
temperature catalysis. First, hydrothermal meth-
od is used to prepare the reduced graphene hy-
drogel. Then ion absorption is completed in 
stannous chloride solution. Finally, high tem-
perature catalysis are utilized to induce na-
nomesh. By this method, preliminary results are 
obtianed. As shown in Fig. 1(a), stannous chlo-
ride is absorbed on the the hydrogel, showing a 
rough surface. Fig. 1(b) shows a enlarged SEM 
picture,depicting stannous chloride evenly dis-
tributed on the graphene. It proves that the pre-
pared electrode exhibits rapid charge and dis-
charge performance,even at the scan rate up to 
1V/s. The GCD testing curves are highly linear 
and symmetrical, demonstrating excellent ca-
pacitive performance, where the capacity is up 
to 234.79 mF/cm2  at the current density of 0.5 
mA/cm2. A 88.3% rentation is kept at 3 mA/cm2, 
exhibiting excellent rate performance. The good 
performance is mainly due to: (1) the high con-
ductivity of the graphene; (2) sufficient meso-
pores on the graphene layer; (3) 3D ion 
transport of electrolyte. Different size and densi-
ty of graphene nanomesh will be further tuned 
in our future work.  

Keywords: graphene nanomesh, rate perfor-
mance, 3D ion transport, conductivity, superca-
pacitor, high temperature catalysis. 

 
Figure 1: (a) The SEM picture after ion ab-
sorbtion; (b) The enlarged SEM picture after 
high-temperture calcinations; (c) CV testing at a 
scan rate from 200 mv/s to 1000 mv/s; (d) GCD 
testing at a current density from 0.5 mA/cm2 to 
4mA/cm2 
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Abstract: 
The two-dimensional (2-D) layered tansition-
metal dichalcogenides (TMDCs) has received 
great attention due to their fascinating 
properties. For optimizing device performance, 
suitable threshold voltage adjustment 
techniques for TMDCs are necessary. 
However, unlike conventional CMOS, general 
ion implantation is not appropriate technique 
for TMDCs because it can induce fatal 
damage to the crystal structure of TMDCs. 
Recently, some researches suggested new 
techniques for threshold voltage adjustment 
on TMDCs. They used dielectric capping 
layer for making opertaion change on several 
TMDCs. However, those studies have limit 
that showing negative threshold voltage shift 
only. 
In this study, we have suggested two materials 
(Al2O3 and SiO2) as dielectric capping layer 
for producing both of negative and positive 
thershold voltage shift. By choosing proper 
dielectric layer material on the device, we can 
control operation of the device easily. We 
used MoS2 (molybdenum disulfide) as channel 
material. Furthermore, we proceeded 
experiments that deposit two dielectric layer 
in a row. We observed similar threshold 
voltage shift regardless of order. By using 
combination of two dielectric capping layer, 
we can obtain advanced controllability of 
MoS2-FET. Also, we established model of 
threshold voltage adjustment by dielectric 
capping layers. Due to defect charges in 
dielectric capping layer, band bending is 
induced and operation of the device changed. 
Our research can help to control threshold 
voltage on TMDCs-based devices and further 
understanding about dielectric layer on 
TMDCs.  
Keywords: TMDCs, MoS2, threshold voltage, 

 
Figure 1: (a), (b) The Id-Vg characteristics of a 
back-gated MoS2 FET without/with single die-
lectric capping layer. The negative threshold 
voltage change with Al2O3 layer is observed 
while the positive threshold voltage change 
with SiO2 layer. (c), (d) The Id-Vg characteris-
tics of a back-gated MoS2 FET with combina-
tion of two dielectric capping layers. 
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Abstract: 
With regard to possible applications of molecu-
lar junctions as electrical switches or even 
memory devices, they have to be addressed in a 
controlled and reproducible manner by external 
stimuli such as mechanical forces, electric 
fields, currents or light. In this respect, the com-
bination of functional molecular groups and 
specifically designed carrier platforms into a 
single molecule is a promising alternative to the 
deposition of functional molecules onto thin 
insulating films.  
Here we present a low-temperature scanning 
tunneling microscope (STM) study of such self-
decoupled molecules, namely spirobifluorene 
platforms with a benzonitrile head group depos-
ited on a Au(111) surface [1]. By systematic 
variation of the tunneling parameters, we show 
that the dipole moment of the benzonitrile al-
lows us to exert forces on the molecule by ap-
plying electric fields in the STM junction. The 
resulting deformation of the molecule leads to 
the formation or the rupture of a coordinative 
bond between the nitrile group and the gold tip, 
depending on the applied bias voltage. This hys-
teretic switching between two stable states of 
the conductance is highly reproducible and de-
terministic. Several thousand contacting meas-
urements were performed by both approaching 
the tip mechanically and by application of a bias 
voltage. By variation of the applied bias, which 
leads to an electrostatic force on the dipole mo-
ment of the nitrile, we can bring the two states 
close in energy so that we observe thermally 
induced random switching. This allows us to 
study the energies that are involved in the for-
mation of the molecular junction. In particular, 
we derive the force that is needed to pull apart 
the molecular junction. We confirmed our mod-
el by DFT calculations and reproduced our ex-
periments on a second variant of the molecule.  

Keywords: scanning tunneling microscope, mo-
lecular switch, approach-retract curve, 2D con-
ductance histogram, tripodal molecules. 

 
Figure 1: Illustration of the molecular toggle 
switch which can be actuated both mechanically 
by approaching the tip and electrostatically by 
application of a bias bias voltage. 

References: 

1. Gerhard, L, Edelmann, K, Homberg, J, Va-
lášek, M, Bahoosh, S., Lukas, M., Pauly, F. 
Mayor, M., Wulfhekel, W. (2017) An elec-
trically actuated molecular toggle switch, 
Nat. Nanotech., In Press. 

2. Valášek, M., Edelmann, K., Gerhard, L., 
Fuhr, O., Lukas, M., Mayor, M. (2014) 
Synthesis of Molecular Tripods Based on a 
Rigid 9,9’-Spirobifluorene Scaffold, J. Org. 
Chem. 79, 7342-7357. 



Thermally Stable Metal-Interlayer-Semiconductor Structure for 
Source/Drain Contact of Germanium n-channel Transistors 

 
Gwang-Sik Kim1 and Hyun-Yong Yu1,* 

 
1 Korea University, School of Electrical Engineering, Seoul, Korea 

 
Abstract: 
Germanium (Ge) is a good candidate as a novel 
channel materials which can substitute conven-
tional silicon (Si) in complementary metal–
oxide–semiconductor (CMOS) technology due 
to its higher carrier mobilities and a good pro-
cess compatibility with the Si process. However, 
high source/drain (S/D) contact resistance, 
which is caused by severe Fermi-level pinning 
in metal/Ge contact, is a bottleneck in the devel-
opment of Ge n-channel transistors. A metal–
interlayer–semiconductor (M–I–S) structure has 
been researched to reduce the S/D contact re-
sistance because the structure can reduce the 
Schottky barrier height (SBH) of metal/n-Ge 
contact by alleviating Fermi-level pinning prob-
lem. A TiO2 layer has been adopted as an inter-
layer between metal and n-Ge because it can 
minimize the tunneling resistance of the inter-
layer due to its low conduction band offset 
(CBO) with Ge.1,2 The reduced SBH of the M–
I–S structure should be maintained after subse-
quent thermal annealing process because transis-
tors would experience the thermal process dur-
ing some other post annealing proceeses.3 How-
ever, the Ti/TiO2/n-Ge structure that is a typical 
structure of the M–I–S structure for n-Ge cannot 
maintain its SBH reduction effect after thermal 
annealing due to thermal instability of Ti and 
TiO2 both. In this work, TaN and Al-doped ZnO 
(AZO) are introduced into the M–I–S structure 
as the contact metal and the interlayer, respec-
tively, to enhance its thermal stability. The TaN 
is more thermally stable than the Ti, thus the it 
is less likely to react with the interlayer or Ge 
substrate through a diffusion process. Also the 
AZO interlayer can play a role as a diffusion 
barrier to block the interdiffusion process be-
tween metal and Ge during thermal annealing 
while the TiO2 interlayer cannot. As shown in 
Fig. 1, the TaN/AZO/n-Ge structure can main-
tain the reduced SBH after thermal annealing at 
500℃ in vacuum while the Ti/TiO2/n-Ge shows 
severe degradation in the reverse current densi-
ty. Therefore, the proposed TaN/AZO/n-Ge 
structure can be very promising contact struc-
ture in Ge to incorporate the M–I–S structure 
into practical CMOS process due to its better 
thermal stability. 

Keywords: metal–interlayer–semiconductor, 
thermal stability, germanium, tantalum nitride, 
Al-doped zinc oxide 

 
Figure 1: J–V characteristics of (a) Ti/TiO2/n-
Ge and (b) TaN/AZO/n-Ge structures before 
and after 500℃ vacuum annealing for 30 min. 
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Abstract: 
Metal quantum clusters are an important class of 
functional nanomaterials with growing applica-
tive potential as size-tunable biocompatible lu-
minescent probes for molecular theranostics and 
optoelectronic technologies. Here, we demon-
strate for the first time that the optical properties 
of gold clusters (Au8), and in particular the en-
ergy separation between the emission and ab-
sorption spectra (Stokes shift), can be tuned by 
control of the inter-particle distance imposed by 
the capping ligands leading to the formation of 
inter-cluster excimers. Based on this newfound 
motif, we demonstrate a strategy for overcoming 
the intrinsic limitation to the use of molecular 
excimers in single-particle applications, that is, 
their nearly zero collisional formation probabil-
ity in ultra-diluted solutions. To this aim, we use 
Au8 clusters as building blocks for fabricating 
permanent excimer-like colloidal superstruc-
tures (Au8-pX) held together by a network of 
hydrogen bonds between the capping ligands. In 
the ground state, unexcited clusters behave as 
individual photophysical entities, whilst optical 
excitation results in the  
formation of inter-cluster excimers featuring 
long-lived Stokes-shifted luminescence with no 
corresponding excitation transition. The ob-
tained supramolecular architectures effectively 
represent a new aggregation state of matter con-
veying the photophysics of excimers into self 

standing individual particles that find their natu-
ral application as non-resonant emitters in cellu-
lar imaging and integrated photonic nanotech-
nologies. Importantly, in vitro confocal imaging 
experiments reveal the strong ability of Au8-pXs 
in scavenging cytotoxic reactive oxygen species 
responsible of premature cellular death, thereby 
further enhancing their potential for bio-medical 
applications. 

Keywords: clusters, superstructures, lumines-
cent probes, building blocks. 
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Abstract: 
Gallium Nitride (GaN) wire-based flexible pie-
zoelectric sensor have been demonstrated as an 
original solution for mechanical sensing applica-
tions thanks to their outstanding physical prop-
erties in terms crystalline quality, robustness 
and long life-time[1]. GaN wires are grown by 
Metal Organic Vapor Phase Epitaxy on c-
sapphire substrate with in-situ injection of silane 
during the growth. This process provide N-polar 
wires with a hexagonal cross-section and a 
slight conical shape with an angle varying in the 
0.2° - 3° range. The wire geometry in terms of 
length can bu tuned by growth conditions (tem-
perature, pressure, growth time) and it varies 
from 10 to 700 µm [2]. These wires are vertical-
ly integrated into a flexible PDMS matrix 
through a straightforward process to make flexi-
ble piezoelectric membranes used as sensors. 
The PDMS is first spread over the surface of a 
donor substrate with vertically aligned wires 
issued from the growth, and annealed for 30 min 
at 120° C. The membrane containing the GaN 
wires is then peeled off and contacted with elec-
trodes to make capacitive structure. This process 
was also demonstrated to fabricate Light Emit-
ting Diodes (LEDs) based on short GaN 
wires[3], [4].  
In this work, we will be presenting the electrical 
performances of such devices. Variants of this 
sensors with different dimensions and GaN wire 
geometries are fabricated and characterized un-
der a compression constraint using an automated 
mechanical bench. The sensor’s output signal is 
studied as function of the wire length and 
PDMS thickness in view of optimizing the de-
vice design. The sensor sensitivity is also inves-
tigated by exploring the evolution of the device 
response to the variations of the applied force.  
The electrical characterization results show that 
sensors with long GaN wires (> 100 µm) pro-
vide higher output signal and are more sensitive  
to the variation of the mechanical excitation. 
Moreover, a small PDMS to wire length ratio 
around 1.2 to 1.5 is demonstrated to be optimal 
for conversion efficiency enhacement. These 

results are also confirmed through finite element 
modelling simulations that has been conduced 
and that will be shown along with the character-
ization results.  

Keywords: GaN, nanowires, piezoelectric, flex-
ible, sensor  
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Abstract: 
Carbon fiber composites (CFC) are a fundamen-
tal class of materials in applications where both 
high mechanical resistance and light weight are 
requested (automotive, civil engineering, aero-
space, etc.). Thanks to the latter feature, the use 
of these materials in transportation leads to sig-
nificant reduction of CO2, NOx and noise. Men-
tioning the aviation field, an aircraft composed 
of 53% CFC by weight such as Airbus 350XWB 
can save up to 25% fuel. A life-cycle CO2 emis-
sions analysis shows a reduction up to 2700 tons 
of CO2 per aircraft every year (Boeing 787 
Dreamliner, 50% CFC by weight). 
Nevertheless, due to their intrinsic structure 
strongly dependent on carbon fiber (CF) fabric 
and resin arrangement, a precise predictive de-
formation and failure behavior is hard to model, 
which is one of the main causes limiting the use 
of these materials in aerospace technologies. 
Hence, on account of the very heavy loads the 
CFC structures are subject to, it is important to 
carry out real-time monitoring of deformations 
and vibrations.  
Nowadays’ stress sensors in CFC, mainly based 
on piezoelectric PZT and optical fibers (Fiber 
Bragg Grating, FBG), present some drawback 
such as large size (compared to CF’s) and 
weight addition. The use of zinc oxide (ZnO) 
piezoelectric nanostructures can overcome these 
issues and lead to a real-time stress sensor com-
pletely embedded within CFC 
In this work low cost, low temperature and low 
environmental impact synthesis of ZnO nano-
rods on CF is carried out, as well as piezoelec-
tric characterization of such micro-composite 
sensor. 

Keywords: piezoelectric, zinc oxide, carbon 
fiber, integration, composites, stress, vibrations, 
deformation, sensor. 

 
Figure 1: Structure and piezoelectric behavior 
of the CF/ZnO sensor. 
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Abstract: 
We have observed the reduction in the photocur-
rent measurement after an electrical breakdown 
of a thin-film semiconducting single-walled car-
bon nanotube (s-SWCNT) field-effect transistor 
(FET). The photocurrent (Iph) is defined as the 
excess currents between light and dark condi-
tions and studied under ambient temperature 
with different light intensities. Before the elec-
trical breakdown, the measured current-voltage 
(I-V) characteristic exhibits non-linear behav-
iour upon changing wavelength and light inten-
sity suggesting that electrons tunnel across 
Schottky barriers of metal-SWCNTs junctions. 
In contrast to the dark current, the photocurrent 
before the electrical breakdown was found 
Before
phI » 2.51 µA.  After the electrical breakdown 

(by passing a large current up to 0.14 mA 
through drain electrode in order to improve con-
tact series resistance), the I-V characteristic be-
comes linear, but we have seen almost no 
change in the measured current when increasing 
light intensities, which results in After

phI  » 0.17 µA. 
This observation indicates that charge-carrier 
transport is governed by electron diffusion 
through the Schottky barriers. Our results also 
suggest that the photocurrent generation in 
SWCNTs depends strongly on charge-carrier 
separation by the Schottky barriers and inter-
tube junctions. Further verification of charge-
carrier separation in such devices can be demon-
strated by electrical noise measurements. 

Keywords: thin-film single-walled carbon 
nanotubes, photocurrent generation, Schottky 
barriers, electrical breakdown, charge-carrier 
transports 

 
Figure 1: Measured currents at a fixed source-
drain voltage, VSD= +2 V, as a function of time 
obtained by illuminating monochromatic light 
of l=800 nm (red and blue downtriangle), com-
pared with the measured currents in the dark 
(square and star symbols). Inset graph shows I-
V characteristics before and after electrical 
breakdown in the dark condition. 
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Abstract: 
Nanopore-based measurements enable to probe 
the physics of biology at ultrahigh precision. 
This precision relies on the dimension of the 
nanopore and our single-layer MoS2 nanopores 
could offer sub-nanometer resolution due to its  
well-defined geometry at the atomic scale(1). 
The key driving force in nanopore research is 
single molecule DNA sequencing where the se-
quence of DNA can be extracted based on the 
modulation of ionic current through the pore 
caused by individual nucleotides(2). In essence, 
nanopores play a role in ion transport as signifi-
cant as the role of transistors in electron 
transport and can also be applied to probe vari-
ous physical processes beyond sequencing(3, 4). 
In this talk, I will demonstrate the ability of us-
ing nanopores for probing physics and biology 
at the single molecule level with tunable resolu-
tions: from identification of single nucleotides 
to fundamental ion transport physics and energy 
conversion. 

Keywords: nanopores, DNA sequencing, ion 
transport, Coulomb blockade, osmotic power 
generation  

 

 

 

 

 

 

 

 

 

              

Figure 1: Figure illustrating ion transport 
through nanopores.  
Image credit: Steven Duensing at the National 
Center for Supercomputing Applications at the 
University of Illinois at Urbana-Champaign. 
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Abstract: 
Inorganic materials have been long recognized 
as very promising materials with a wide range of 
possible applications. Among these, many in-
vestigation efforts focused on the exploitation of 
the porous network provided by such materials 
as a reservoir for the accommodation of drug 
molecules. In fact, the well-known opportunity 
to chemically functionalize the surface of sili-
ceous mesostructures with different organic 
moieties constitutes a route for controlling the 
drug release by diffusion under specific condi-
tions. Drug release from mesoporous materials 
is generally controlled by diffusion. Neverthe-
less, when the interactions between desorbing 
molecules and silica pore walls are significantly 
strong and/or show some kind of specificity, the 
release also depends by the stability of the com-
plex between the functional groups of the drug 
and those of the substrate. This phenomenon 
allows then to fine tune the release of specific 
molecules from a given mesostructure by simply 
changing the functional groups that are attached 
to its pore walls during the synthesis process. In 
addition to the production of smart drug delivery 
systems, such approach can be also used in the 
field of food packaging due to the increasing 
interest in the concept of “active packaging” 
materials as compounds which, interacting with 
the packaged foodstuff, are able to control quali-
ty as well as to increase shelf-life. 
The aim of the present work is the study and the 
comparison of the release from active polymeric 
films of various active compounds embedded or 
supported into/onto various inorganic carriers 
i.e. SBA (Santa Barbara Amorphous), Montmo-
rillonite and Halloysite. Migration tests were 
performed at 25 °C, using 96% v/v ethanol and 
water as food simulant, from polymer films ob-
tained by embedding active inorganic carriers 
into biodegradable and polyolefinic matrices. 
Obtained results show the influence of function-
alization of the inorganic carriers on the diffu-

sion of active compounds and thus on their re-
lease kinetics into the liquid media.   

Keywords: inorganic carrier, chemical function-
alization, active compound release. 
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Abstract: 
The relationships between the physicochemical 
properties of engineered nanoparticles and their 
adverse health and environmental effects are 
still unclear. In order to identify key properties 
that drive nano-bio/eco interactions and to con-
vert this knowledge into “Safety by Design” 
(SbyD) strategies, it is essential to study the col-
loidal properties of ENMs in media relevant to 
nano (eco) toxicology (1). This work investi-
gates the dispersion stability of copper oxide 
NPs modified by means of four non-hazardous 
modifying agents [i.e. polyethylenimine (PEI), 
sodium ascorbate (ASC), sodium citrate (CIT), 
and polyvinylpyrrolidone (PVP)]. The modifiers 
were added to CuO NP suspensions for promot-
ing the in situ coating of particles and compare 
four design alternatives, achieving positive 
(PEI), negative (ASC, CIT), and neutral (PVP) 
surface charging on the NPs. The effects of the-
se four stabilizers on the CuO NPs' physico-
chemical properties were investigated in differ-
ent biological and environmental media by 
combining Dynamic and Electrophoretic Light 
Scattering (DLS and ELS) with Inductively 
Coupled Plasma Optical Emission Spectroscopy 
(ICP-OES). Results showed improved disper-
sion stability for CuO-CIT, CuO-ASC and CuO-
PEI in both MilliQ and Phosphate Buffered Sa-
line (PBS) as compared to CuO-pristine and 
CuO-PVP. Higher ionic strength in artificial 
fresh (AFW) and marine (AMW) water strongly 
destabilized all CuO NP suspensions, except for 
CuO-PEI dispersed in AFW. The presence of 
proteins and amino acids in the biological test 
media had a strong influence on the colloidal 
stability of all dispersions. Characterization of 
colloidal properties showed the correlation be-
tween NP aggregates size and ζ-pot, confirming 
that coupling DLS with ELS provides an effec-
tive tool for colloidal stability evaluation (2). 
The obtained results in support to (eco) toxico-
logical outputs are highly relevant for hypothe-
sizing early effects of toxicological pathway and 
deriving criteria and guiding principles for 
grouping and read-across.  

Keywords: CuO nanoparticles; colloidal stabil-
ity; nano-bio interaction; biological and envi-
ronmental media. 

 
Figure 1: Schematic representation of SbyD 
strategy applied: introduction of modifying 
agents (i.e. CIT, ASC, PEI and PVP) by self-
assembling. 
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Abstract: 

Systems biology is increasingly being applied in 

the field of nanosafety research for observing 

and predicting the biological perturbations 

inflicted by exposure to engineered 

nanoparticles (NPs). In the present study, we 

used a combined transcriptomics and proteomics 

approach to assess the effects on monocytic 

THP.1 cells of AuNPs of 5 or 20 nm in 

diameter. The role of surface functional groups 

was addressed by synthesizing alkylammonium 

bromide-, alkyl sodium carboxylate- or 

poly(ethylene glycol) (PEG)-terminated 

thiolate-AuNPs. These AuNPs were 

characterized using transmission electron 

microscopy (TEM), UV-vis. spectroscopy, 

dynamic light scattering and zeta potential 

measurements. We also ensured that all the 

AuNPs were endotoxin-free. Then, we per-

formed a cytotoxicity screening of THP.1 cells 

exposed to the AuNPs for 24 h at doses up to 

100 µg/mL, using the Alamar Blue assay. 
Cytotoxicity effects were observed only for the 

ammonium-terminated AuNPs, while no cell 

death was obtained after exposure to 

carboxylated or PEGylated AuNPs, regardless 

of the AuNP size. Using TEM we observed that 

the ammonium-modified AuNPs were partly 

located into mitochondrial compartments and 

that they induced high impact on the cell 

morphology with appearance of large vacuoles 

(Figure 1). Next, we performed transcriptomics 

analysis using highly sensitive Single-cell 

Tagged Reverse Transcription (STRT)-RNA 

sequencing in parallel with label-free 

quantitative mass spectrometry based 

proteomics analysis, followed by pathway 

enrichment analysis. The importance of the 

nanomaterials surface modification, rather than 

the diameter size, was demonstrated using these 

approaches. Notably, ammonium-modified 

AuNPs were found to have the most pronounced 

effects on the monocytic THP.1 cells with a 

significant impact on mitochondrial functions. 

Taken together, these studies have disclosed 

specific cytotoxic effects of AuNPs as a 

function of the particle surface properties, in 

human immune cells. 

 

Keywords: Au nanoparticles; THP.1 cells; 

STRT-RNA sequencing; label-free quantitative 

proteomics, mitochondrial dysfunction. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Transmission electron microscopy of 

THP.1 cells exposed for 4 h to Au-5-NMe3
+ Br- 

nanoparticles at 50 µg/mL. Cytoplasmic 

vacuolization is noted in NP-exposed cells. 

Scale bars: 1 µm. 

Control Au-5-NH2 
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Abstract 
We report a versatile method for the fabrication 
of hierarchically porous CaCO3 scaffolds on 
silicon substrate via a supercritical carbon 
dioxide nebulization process. This process 
consists of evaporation of CO2-enriched water 
micro-droplets (diameter ∼3 µm) deposited from 
an aerosol onto heated silicon substrates. A 
variety of porous CaCO3 scaffolds with micron-
sized pores (1-3µm) were fabricated by altering 
the deposition conditions. Post-deposition 
sintering of the scaffolds resulted in the 
generation of nano-sized pores around the walls 
of the porous scaffolds with a dual arrangement 
of typical pore sizes (∼50 nm and 1−3 µm). We 
observed that our scaffolds formation and micro-
droplets evaporations follows typical coffee-ring 
effect mechanism.  Furthermore, CaCO3 
scaffolds were exposed to monocytic THP-1 
cells. These scaffolds yielded negligible levels of 
tumor necrosis factor-alpha (TNF-α) and further 
confirmed the lack of immunogenicity of the 
scaffolds. These scaffolds were also treated 
against extracellular matrix (ECM) proteins such 
as fibronectin (FN), vitronectin (VN) and 
collagen (CL), respectively. ECM treatment on to 
CaCO3 scaffolds showed enhanced adsorption in 
the order of FN > VN > CL as compared to the 
standard control. Moreover, these investigations 
demonstrate that our porous CaCO3 scaffolds 
promoted ECM production and calcium 
mineralization (which is an important 
biomarker), in turn beneficial for bone tissue 
engineering. 
 
 
 
 
 
 

Keywords: Supercritical CO2
, CaCO3 scaffolds, 

Coffee-ring effect and extracellular matrix 
(ECM) proteins,  
 
 



Biocompatible scaffolds for tissue regeneration 
 

G. Panella 1, A.C. Dhez1, F. Giansanti1, G. Fioravanti2, L. Ottaviano2, F. Angelucci1,  L. Di Leandro1, 
L. Cristiano1, A. Cimini1, R. Ippoliti1 

 
1 Department of Health, Life and Environmental Sciences, University of L’Aquila, L’Aquila I-67100, 

Italy; 2Department of Physics and Chemistry, University of L’Aquila, L’Aquila I-67100 
gloria.panella86@gmail 

 
Abstract: 
The design of scaffolds based on biocompatible 
materials is a great goal to support tissue 
regeneration. On this basis, we worked with 
protein-based and graphene oxide (GO)-based 
scaffolds to test their properties as supports for 
neural tissue regeneration. We considered 
several type of materials (GO, bovine 
pericardium and alginate) as bases for the 
development of biocompatible scaffolds, and 
tested their  applicability for growing SHSY5Y 
cells, as	in vitro models of neuronal 
differentiation.  
Our group has previously demonstrated that a 
protein-based scaffold (1)  can be obtained by 
growing a mutant of the protein Prx 
(peroxiredoxin from S. mansoni) as an array of 
protein nanotubes. This material can be used to 
induce the growth and differentiation of 
SHSY5Y cells in vitro, and can furthermore 
sustain the growth and development of rat 
cortical neurons. 
We are also studying the ring-shaped monomer 
(wtPrx) and the mutant Prx, as a polimerization 
agents to induce graphene oxide gelation into a 
3D porous material, to be used as a support for 
the growth and differentiation of  SHSY5Y 
cells. Cells grow on our scaffold based on 
graphene-oxyde with or without the presence of 
the wild-type or a mutant protein(2). 
To check the growth and the degree of 
differentiation we analyzed the surface 
interaction with SEM and immunofluorescence 
analysis. We have shown that the GO-based 
scaffold is biocompatible, in fact the SHSY5Y 
cells colonize the surface preserving their 
morphology. 
We also know that the mutated protein Prx can 
induce cell differentiation as well as, a structural 
reorganization of the GO to get a 3D assembly 
with more space between the sheets that allows 
cell growing inside the scaffold. 
The goal is to obtain a biocompatible system for 
3D neuronal regeneration that allows to culture 
and manipulate cells in order to study their 
physiology and characteristics for the possible 
re-implantation in patients. 

We also obtained a decellularized bovine 
pericardium, a biological tissue widely used as a 
biomaterial for tissue engineering applications, 
including the construction of a variety of 
bioprostheses to repair complex anatomical 
defects of several tissues such as cardiac 
defects, abdominal wall defects, and to 
strengthen the suture line during general 
surgical procedures and, more frequently, heart 
valves(3), with good features as a biomaterial 
that finds application as device adjuvating tissue 
regeneration after several type of surgery.  
In summary, the coating of the scaffolds with 
GO linked to Prx provide a strong 
recellularization of these scaffolds. Furthermore 
the mutated protein can trigger the 
differentiation of the SHSY5Y cells on all 
scaffolds and 3D system is very interesting 
perspective for future purposes. 

Keywords: biomaterial,Graphene-
oxide,biocompatible scaffolds, Bovine 
pericardium, Alginate, Prx. 

  

 
Figure 1: Figure illustrates the differentiation 
of cells grew on the surface of GO+Prx mutant. 
On the top is shown SEM investigation of the 
surface and below IF confocal images stained 
with N200 antibody. 
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Abstract: 
Vast amount of information and data related to 
nanotechnology are scattered throughout differ-
ent journals and patents. Moreover, the lack of 
standardized nomenclature for nanomaterials 
and nanostructures is a big challenge which 
makes the finding and transfer of scientific re-
sults a difficult task for researchers. In this work 
a solution under nano.nature.com will be illus-
trated and will be explained how these issues 
can be addressed. The presented solution pro-
vides highly indexed and structured information 
related to nanomaterials derived from peer-
reviewed journals and patents. These include 
composition, synthesis, properties, characteriza-
tion methods and application information. 
Our solution aims to provide nanotechnology 
research communities fast and precise insight 
into this multi- and interdisciplinary field, and to 
help them keep up to date with new discoveries 
and developments. By collecting information 
from research articles and patents, it follows the 
definition of nanomaterials and nanodevices 
used by the community.1 

Keywords: nanotechnology research solution, 
precise data search, nanomaterials & nanodevic-
es data 

 
Figure 1: Figure illustrating the creation of cu-
rated profiles of nanomaterials/devices  
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Abstract: 
Interactions between light and matter can be 
profoundly altered by the presence of an optical 
caity. For the resonance case, rapid energy ex-
change between the cavity photonic mode and a 
transition dipole of the material brings the sys-
tem into the strong coupling regime generating 
two new light-matter hybrid states. Many stud-
ies have shown that these hybrid states have 
modified properties compared to their original 
constituents. In the visible spectral range, strong 
coupling of light with nanomaterials can be 
achieved using  Fabry-Perot (FP) cavities with 
nanoscale dimensions. While all-solid nanoscale 
FP cavities are relatively simple to fabricate, 
liquid phoase FP nanocavities are far more chal-
lenging. Herein, we report  a facile method we 
developed for the fabrication of metallic nano-
fluidic FP cavities tunable over a wide range of 
wavelengths in the visible spectrum (Figure 1). 
Our nano-fluidic cavities have been fully char-
acterized and put to use to achieve the strong 
coupling of various dyes in solution phases. Par-
ticularly we show modifications to the photo-
physical properties of a dissolved dye, chlorin 
e6 upon it’s strong coupling to the optical 
modes of our cavities. 

Keywords: Light-matter hybrid states, strong 
coupling, fluidic Fabry-Perot nano-cavities, 
nano fabrication, spectroscopy, photo physical 
properties.  

 
Figure 1: Optical micrographs showing white 
light transmission through our nanofluidic FP 
cavities before and after filling them with tolu-
ene. The colored rectangles represent FP cavi-

ties of varying thicknesses, with the corre-
sponding dispersion of the confined light mode. 
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Abstract: 
Zirconia in metastable, high-temperature tetrag-
onal phase (t-ZrO2) is important for applications 
where materials with high hardness and high 
melting point are needed. In order to stabilize 
the tetragonal phase at room temperature vari-
ous stabilizers are used. The most common of 
them is Ytria (Y2O3). On the other hand, for 
grain sizes less than 30 nm, the tetragonal phase 
is stable at room temperature without any stabi-
lizers. Since alumina (Al2O3) - zirconia (ZrO2) 
solid solution forms only when zirconia is in    t-
ZrO2, it opens a way to produce ZrO2-Al2O3 
ceramics where the particle size remains in the 
nano-range. Alumina as a stabilizer of the t-
ZrO2 is less expensive, than the conventionally 
used ytria and other rare earth ions. 
The aim of this work was to choose the most 
efficient synthesis method and its parameters in 
order to obtain ZrO2-Al2O3 nanopowders in 
whole composition range (from 1 to 99 mol.% 
of Al2O3). Complementar characterization 
methods allowed to find composition where 
ZrO2-Al2O3 solid solution is created. 
In this work we present results obtained for 
ZrO2-Al2O3 nanopowders, where two different 
synthesis methods were applied: sol-gel method 
and Microwave Hydrothermal Synthesis 
(MHS). The synthesized materials were further 
characterized by X-Ray Diffraction, Scanning 
Electron Microscopy (SEM), Transsmition 
Electron Microscopy (TEM), Specific Surface 
Area (SSA-BET) [1], pycnometric density [2], 
and zeta potential (ζ). The grain size examina-
tion was undertaken by investigating the broad-
ening of diffraction lines (XRD) and by BET 
method. Materials chemical composition was 
confirmed using Energy-Dispersive X-Ray 
Spectroscopy (SEM-EDS) [3] and Inductively 
Coupled Plasma Spectroscopy (ICP-OES) 
methods. 
We found that samples obtained in MHS reac-
tion show faster crystallization kinetics than ma-
terials produced in sol-gel synthesis. Solid solu-
tion of ZrO2-Al3+ exists in composition range 
from 1 to 25 mol.% of Al2O3 addition. 
Samples density and zeta potential values were 
used to confirm quality of synthesized composi-

tion. In addition, BET, XRD and SEM-EDS 
results show linear trends and interdependence 
of molar % addition of Al2O3 to ZrO2. 

 
Figure 1 Particle size obtained from SSABET for 
ZrO2 with different Al3+  content in the function 
of composition 

Keywords: microwave hydrothermal synthesis, 
stabilized zirconia (t-ZrO2), alumina-zirconia 
solid solution, nanomaterials 
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Abstract: 
Tungsten (W)-Copper (Cu) composite materials 
are widely used in electronic components for 
thermal/electrical management because W has a 
low coefficient of thermal expansion while Cu 
has high thermal/electrical conductivity [1]. The 
physical properties of W-Cu composites can be 
tailored by optimizing the phase composition 
and microstructure. The challenges in fabricat-
ing W-Cu composites, however, come from the 
mutual insolubility of W and Cu due to high 
positive heat of mixing. Also, the quite different 
thermophysical properties such as density and 
melting temperature (W: 3410 oC, Cu: 1080 oC) 
make it difficult to fabricate W-Cu composites. 
A large body of study has been carried out to 
develop processing methods to fabricate W-Cu 
composites. W-Cu composites can be fabricated 
by Cu infiltration sintering [2-4] or by liquid 
phase sintering of blended W and Cu powders 
[5-7]. The Cu infiltration method produces the 
W-Cu composite by a process in which molten 
Cu is poured into the sintered W porous struc-
ture. The infiltration process, however, requires 
high sintering temperature of 1200~1400 oC and 
even results in microstructural inhomogeneity. 
On the other hand, the process of liquid phase 
sintering with blends of W and Cu powder uti-
lizes the selective melting of low melting point 
Cu and the redistribution of molten Cu to fabri-
cate W-Cu composite materials. However, the 
W-Cu binary system shows densification behav-
iors different from those of the W-Ni [8, 9] and 
WC-Co systems [10-12]. W and Cu have no 
mutual solubility, and so W is not dissolved into 
molten Cu, which affects the microstructure of 
the sintered W-Cu composites. 
The homogeneity of component phases in the 
W-Cu composite is critical to determine the 
physical properties. In liquid phase sintering, the 
densification of W-Cu composites is achieved 
mainly by rearrangement of W particles due to 
the capillary force and surface tension of molten 
Cu particles [13]. The microstructure of the W-
Cu composite is thus dependent largely on the 
characteristics of the feedstock powder, such as 
the morphology and size [6, 7, 14, 15]. In con-

sequence, extremely fine particles are consid-
ered to form the homogeneous microstructure in 
the W-Cu composite. The mechanical alloying 
of elemental W and Cu powders has attracted 
much research interest because the particle size 
can be effectively reduced to mere nanometers 
in diameter [16]. On the other hand, Cu-coated 
W powders are produced by the electroless coat-
ing technique [17-19]. Ibrahim and coworkers 
reported that Cu-coated W powder is beneficial 
for compaction [17]. In addition, Cu-coated W 
powders improve the dispersion of the low melt-
ing point component of Cu during sintering, 
leading to a homogeneous microstructure with 
improved thermal conductivity and thermal ex-
pansion coefficient. Considering earlier studies, 
therefore, W/Cu core/shell structured powder 
can be regarded as having an ideal morphology 
for the achievement of high relative sintered 
density and homogeneous microstructure for W-
Cu composites. Nevertheless, the irregular mor-
phology of W powders, the high melting tem-
perature component, can induce microstructural 
inhomogeneities in such areas as pore size and 
size distribution of pores. In addition, the appar-
ent viscosity of a semisolid system is larger for 
irregular solid particles than for spherical parti-
cles at the same volume fraction in terms of rhe-
ology [20]. The reduced inter-particle friction 
between spherical powders is helpful for the 
rearrangement of spherical solid particles, which, 
in turn, improves the density of the liquid/solid 
mixture during liquid phase sintering. It is there-
fore determine that the replacement of conven-
tional agglomerated W micropowder with spher-
ical W powder is beneficial for manufacturing 
the low Cu content composite. 
Based on the above, the spherical W-
micropowder/Cu-nanoparticle core/shell struc-
tured composite powder was designed using in-
situ reactive RF thermal plasma. Both the high 
energy density and the chemical reactivity of the 
thermal plasma were manipulated to prepare Cu 
nanoparticle coated spherical W micropowder.  
In this study, we synthesized a Cu nanoparticle 
attached spheroidized W micropowder using in-
situ reactive radio-frequency (RF) thermal 



 

 

plasma with a blended feedstock of tungsten and 
cupric oxide micropowder. The spherical W 
micropowder improves the packing density and 
uniformity of the compacted body. On the other 
hand, the Cu nanoparticles allow the spherical 
W powders to be compacted by rigid die com-
paction at 400 MPa. Moreover, homogeneous 
sintering in both solid state and liquid state takes 
place even at low Cu contents of 5wt.% due to 
the uniform distribution of Cu. 

Keywords: radio-frequency (RF) thermal plas-
ma, Cu nano-particle, W spheroidized powder, 
core/shell structured composite powder, com-
paction, sintering. 

 
Figure 3: SEM images recorded from the as-
synthesized W/Cu composite powder. (a) The 
low magnification image shows the overall 
morphology of spherical W/Cu composite pow-
der, and (b) the magnified images show the sur-
face morphology of the W/Cu composite pow-
der. 
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Abstract: 
Single-walled carbon nanotubes 
(SWCNTs)/graphene hybrid structures have 
been anticipated for various applications such as 
supercapacitors and electrode materials for re-
chargeable battery. However, it has been diffi-
cult to grow SWCNTs directly on graphene, 
although previous studies reported multi-walled 
CNT growth on graphene layers. In this study, 
we attempted to grow SWCNTs directly on gra-
phene by chemical vapor deposition (CVD). 
After acid treatments for graphite substrates, Pt 
catalysts were deposited on them by a pulsed arc 
plasma gun. Then, SWCNTs were grown on 
them at 700ºC using alcohol catalytic CVD [1]. 
We also carried out SWCNT growth on gra-
phene oxide. The grown SWCNTs/graphene 
hybrid structures were characterized by SEM, 
TEM, Raman spectroscopy and X-ray photoe-
lectron spectroscopy (XPS).  
Figure 1(a) shows a SEM image of SWCNTs 
grown on graphene layers, which were exfoliat-
ed from the graphite surface. SWCNTs were 
seen only on the exfoliated graphene layers. 
TEM and Raman measurements showed that 
most SWCNTs grown on the graphene layers 
were semiconducting and that their diameters 
were less than 1.1 nm (Fig. 1(b)) with a narrow 
distribution [2]. In addition, the SWCNTs were 
attached to the graphene surface. C 1s core level 
XPS spectra showed that graphite surface was 
oxidized at first, but, after SWCNT growth, the 
graphite oxide was reduced. On the other hand, 
when graphene oxides were used as substrates, 
SWCNTs were grown on a portion of the sur-
face. However, using the Al2O3 support layers, 
high-density web-like SWCNTs were grown on 
all over the surface of graphene oxides. These 
results showed that SWCNTs/graphene hybrid 
structures were formed by direct growth of 
SWCNTs on acid treated graphite and graphite 
oxide. 

Keywords: Single-walled carbon nanotube 
(SWCNT), graphene, CVD, Raman spectrosco-
py, SEM. 

  
Figure 1: (a) SEM image of SWCNTs on gra-
phene (the white dashed lines indicate the edges 
of graphene layer). (b) TEM image of SWCNTs 
grown on graphene layers. 
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Abstract: 
For melt-compounded poly (lactic acid) compo-
sites comprising graphene nanoplatelets (GNPs) 
at dilute concentrations, fGNP ≤ 0.34 vol%, this 
research focused on interrelation between com-
posite properties and a higher order structure of 
GNPs induced by a strong alternating current 
(AC) electric field. Optical microscopy, trans-
mission electron microscopy and X-ray diffrac-
tion measurements evidently suggest that ran-
domly-aligned GNPs in the as-prepared compo-
sites are oriented and formed into a chain-like 
structure in the field direction. This electric 
field-induced chain-like structure bridged the 
plates (or electrodes) when fGNP was above a 
threshold concentration, fGNP* ≥ 0.17 vol%. Re-
garding this field-induced structural change, the 
liquid-like rheological behavior of the as-
prepared composites, characterized by the stor-
age modulus G' being almost proportional to w2 

at low angular frequencies w, changed into the 
solid-like behavior, where G' is nearly frequen-
cy-independent at low w (for the composites 
with fGNP ≥ fGNP*), after application of the field. 
On the other hand, the loss modulus G" was 
rarely affected by application of the electric 
field and remained nearly proportional to w at 
low w, suggesting that the electric field-induced 
structure elastically bridged between the elec-
trodes (no viscoelastic loss). This bridge was 
also performed as an electrically conducting 
path for free electrons to travel, thereby result-
ing in an insulator-conductor transition when the 
composites with fGNP ≥ fGNP* were subjected to 
the strong electric field. Quantitative analysis of 
the equilibrium storage modulus and static elec-
trical conductivity of the composites suggested 
that the field-induced columnar structure was 
not a rigid single slab but comprised of inter-
junctions which were mechanically softer and 
electrically more resistive than the single body 
of GNP. Besides, analysis of the fGNP depend-
ence of the equilibrium storage modulus and 
static electrical conductivity after the transition 
(for fGNP ≥ fGNP*) suggested that an elastically 
inert secondary structure was formed by the left-
over GNP stacks remaining out of the columnar 
structure (primary structure) and this secondary 

structure was appear to be in soft contact with 
the primary structure to provide an extra con-
ductive path to enhance the conductivity without 
too much affecting the modulus.  

Keywords: graphene nanoplatelets, bio-
degradable polymer, electric field, melt rheolo-
gy, dielectric properties 

 
Figure 1: Figure illustrating optical micro-
graphs (OM) of GNP composite with a very 
low fGNP = 0.028 vol% (a) before and (b) after 
application of the electric field (2.5 kV/mm, f = 
60 Hz) for 75 min at 190 °C. 
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Abstract: 
Structural characteristics and (thermal / electri-
cal) conductivity of the natural, artificial, and 
expandable graphites were analyzed after treat-
ment in alkaline or acidic aqueous solution. In 
order to investigate the elimination of the oxi-
dized groups and impurities on the graphite sur-
faces after NaOH treatment, the graphite sam-
ples were structurally characterized by using 
XRD, XPS, Raman, FE-SEM. The thermal and 
electrical conductivity of the graphite samples 
were significantly improved after NaOH treat-
ment (Figure 1). These results were caused by 
the structural rehabiliation. Natural and expand-
able graphites were chemically treated in the 
acidic aqueous solutions such as acetic acid or 
mixture of acetic acid and nitric acid. Structures 
and thermal conductivity of the as-treated 
graphites were characterized in detail. Both 
graphites were significantly oxidized in the 
mixed acidic solution of H2SO4 and HNO3, of 
which condition was generally used for the oxi-
dation of carbon nanotubes. This considerable 
oxidation of graphites caused to depress their 
thermal conductivity. The structural characteris-
tics obtained by XRD and XPS show that the 
graphites treated in the relatively weak acidic 
conditions (acetic acid or mixture of acetic acid 
and nitric acid) were quite similar to the untreat-
ed graphites. However, the thermal conductivi-
ties of both acidic-treated graphites remarkably 
were increased (Figure 2). 

Keywords: thermal conductivity, electrical con-
ductivity, alkai, acid, graphite. 

 

 
Figure 1: Comparisons of (a) thermal conduc-
tivity and (b) electrical conductivity obtained 
from graphites. 

Figure 2: Thermal conductivity of natural (n) 
and expanded (x-) graphites and their analogues 
treated in acidic solutions. 
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Abstract: 

One of critical issues for the application of 
flexible field emitters using graphene 
nanosheets is to realize graphene nanosheets to 
be vertically aligned to the substrate. The recent 
progress in the fabrication of field emitters 
based on graphene nanosheets, their 
morphological and electrical properties, which 
affect their degree of field enhancement as well 
as the electron tunnelling barrier height, should 
be controlled to allow for better field-emission 
properties. Here we report method that 
fabrication of graphene field emitters using a 
thermal welding, filtration-transfer technique, 
self-assembly by breath figure, and freeze-
drying methods. As a result, the grapheme edges 
were vertically aligned as shown in Fig. 1. In 
addition to the high field enhancement factor, 
we controlled the work function of graphene 
field emitters via chemical doping. The resulting 
field-emission characteristics of the resulting 
emitters are discussed. The synthesized 
graphene emitters were highly flexible, 
maintaining their field-emission properties even 
when bent at large angles. This is attributed to 
the high crystallinity and emitter density and 
good chemical stability of the graphene emitters, 
as well as to the strong interactions between the 
graphene emitters and the substrate. 

Keywords: graphene, field emission, flexible, 
vertically align, thermal welding, chemical dop-
ing, breath figure. 

 
Figure 1: SEM images of aligned graphene 
nanosheet fabricated by a) thermal welding, b) 
filtration-transfer, c) self-assembly via breath 
figure, and d) freeze-drying  
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Abstract: 
Despite recent progress in producing flexible 
and stretchable electronics based on graphene 
sheets, their intrinsic properties are often de-
graded by the presence of polymeric residues 
that remain attached to the graphene surfaces 
following fabrication. Further breakthroughs are 
therefore keenly awaited to obtain clean gra-
phene surfaces compatible with flexible applica-
tions. Here we report a method that allows the 
graphene to be intrinsically integrated onto flex-
ible substrates. The method involves thermal 
decomposition of polymeric residues by micro-
wave-induced selective heating of the graphene 
surface without affecting the underlying flexible 
substrate as shown in Fig. 1. Mapping the C=O 
stretching mode by Fourier-transform infrared 
spectroscopy in combination with atomic force 
microscopy confirms the elimination of the pol-
ymeric residues from the graphene surface. 
Flexible devices prepared using microwave-
cleaned graphene sheets show enhanced electri-
cal, optoelectrical, and electrothermal perfor-
mances. This simple technique is applicable to a 
wide range of graphene-based materials and rep-
resents an important advance in the field of flex-
ible devices 
 
Keywords: graphene, 2D nanomaterial, micro-
wave, flexible ultrafast nanheating, selective 
heating, flexible device.  

 

 

 

 
Figure 1: Schematic illustration of the experi-
mental setup for microwave-induced selective 
heating of the graphene sheet and photographs 
of graphene films transferred onto PC substrates 
following homogeneous heating in a conven-
tional oven or selective heating by microwave 
irradiation. 
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Abstract: 
Nitride powders are prevailingly used as red 
phosphors for use in white light emitting diodes 
pumped by blue chips. Recently, K2SiF6:Mn4+ 
powders have been intensively investigated as 
an alternative red phosphor, because it has ad-
vantages over luminous efficiency and color 
remdering index of white light emitting diodes 
compared with nitride phosphors. In this study, 
we synthesized K2SiF6:Mn4+ powders by redox 
precipitation using mixed solutions. H2SiF6 and 
K2MnF6 solutions were prepared by dissolving 
SiO2 and KMnO4/KF in dilute HF, respectively, 
and then they were mixed together, adding H2O2. 
As a result, yellow precipitates were produced. 
Finally, K2SiF6:Mn4+ powders were obtained via 
washing, centrifugation, filtering, and drying 
process. The photoluminescence excitation and 
emission spectra of synthesized powders are 
shown in Figure 1. Strong excitation peak was 
observed at 467 nm, which was assigned to the 
4A2 → 4T1 transition of the Mn4+ ions. Corre-
sponding emission spectra exhibited sharp emis-
sion peaks in the red region assigned to the 2E 
→ 4A2 transition of the Mn4+ ions; the 632 nm 
peak appeared as the strongest one. The emis-
sion intensity was affected by preparation condi-
tions including the concentration of KMnO4 and 
HF, washing solutions, and temperatures. 

Keywords: K2SiF6, phosphors, luminescence, 
redox precipitation. 
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Figure 1: PLE and PL spectra of K2SiF6:Mn4+ 

powders. 
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Abstract: 

Colloidal quantum dots (QDs) emit vivid light 

with narrow full width half maximum and their 

wavelength is tunable due to quantum 

confinement effect. From these unique 

optical/electrical properties, various display 

applications using QDs, therefore, have been 

spotlighted as a post OLED display technology. 

One of advantages of quantum dot light-emitting 

diodes (QLEDs) is a low fabrication cost, because 

it is based on a solution process. However, the 

lower current efficiency compared to OLED is 

still a weakness. Many researchers have been 

constantly tried various materials for efficient 

charge transport within device, at last, they came 

to agreement the use of inorganic nanoparticles 

(NPs) as an electron transport layer to improve 

the performance of QLEDs.  

The light extraction technology is one of the well-

known technologies to increase the optical 

efficiency of the light emitting devices. Among 

them, localized surface plasmon resonance 

(LSPR) is a technology that can improve the 

luminance by controlling refraction and 

scattering of light using metal NPs in the device. 

Here, we investigated the LSPR effect on the 

device performance by dispersing the Au NPs in 

the hole transport layer (HTL) and hole injection 

layer (HIL) (Figure 1). The result indicates that 

the optical enhancement of the QLEDs is 

attributed to strong resonance coupling between 

excitons in the QDs and LSP in the Au NPs in the 

HTL. Further optimization using Au NPs will 

help make highly efficient QLEDs for future 

display application.  

 

Keywords: quantum dots, gold nanoparticles, 

localized surface plasmon resonance, inorganic 

material, quantum dot light emitting diodes. 
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Figure 1: Schematic device structures of QLEDs 

with (a) Au NPs in HIL and (b) Au NPs in HTL 
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Abstract: 
Hybrid colloidal plasmonic-photonic crystals 

(HPPC) [1], i.e. metal-coated arrays of dielectric 

colloids, are known for their fundamentally relevant 

and tunable optical properties [2]. Their main 

attractive feature consists in the possibility to adjust 

the wavelength of the plasmon-enhanced 

transmission bands by the diameter of the colloids 

[3]. Here, we explore the transmission characteristics 

of close and non-close packed HPPC obtained 

through a gradual etching of the polymer spheres in 

an oxygen plasma. 

In order to modify the morphology of the initial close 

packed colloidal crystal (CC), we reduced the 

spheres' diameter by plasma etching. By controlling 

the oxygen flow inside the etching chamber, power 

of the generator and etching time, the diameter of the 

polystyrene microspheres was altered, while 

maintaining the lattice period (500 nm in this study). 

These samples were then coated by a gold film (45-

50 nm) in order to obtain the close and non-close 

packed HPPC. The structural modifications were 

analyzed by Scanning Electron Microscopy and 

Atomic Force Microscopy, while the optical 

properties were analized by micro-spectroscopy.  

Finite-difference time-domain simulations were also 

employed, and provided input for the understanding 

of the correlations between the optical/plasmonic 

(Figure 2) and the morphological properties. The 

effects of reducing the sphere size and simultaneous 

increase of the nanoparticles formed on the substrate 

(see Figure 1), could be thus pinpointed. 

Interestingly, by this approach of colloidal etching, 

the plasmonic lanscape including both gold caps on 

the spheres and nanostructures below the spheres 

could be altered. 

By corroborating SEM, AFM, experimental and 

simulated optical spectra, this study shows how the 

optical/plasmonic response of HPPC can be tuned in 

a controlled way and contributes to the current 

understanding of the photonic/plasmonic interactions 

in these plasmonic nanostructures.  
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Figure 1: Scheme depicting a top view (first row) 

and a cross-section view (second row) of colloidal 

crystals (CC) (A and B), NC-CC (C and D), HPPC 

(E and F) and NC-HPPC (G and H). 

 

Figure 2 Transmission experimental spectra of the 

HPPC (S0) and NC-HPPC(S3-S5) 
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Abstract: 
As in many different technological fields, na-
nomaterials have developed appropriate use for 
biosensing applications. The intelligent use of 
such nanomaterials or nanostrutures led to en-
hanced performances with increased sensitivi-
ties and lowered detection limites for target ana-
lytes. In this study, the fabrication method of 
novel nanointerfces on a gold thin film for gas 
biosensor was developed. The method and sens-
ing principle are based on the sensitive and spe-
cific interaction between the ligand-modified 
TiO2 nanocomposite and gas molecules, and the 
effect of this on changes  in the surface plasmon 
resonance (SPR) profiles of the gold thin film. 
The ligand plays a role as a  specific receptor for 
target gas molecules, which results in a sensitive 
detection and a lower detection limit. In addition, 
due to the surface properties of TiO2 nanocom-
posite as a dielectric spacing layer, it allows the 
the sensing signal to be more enhanced. As a 
proof of concept test, the formaldehyde, as 
known to be a breast cancer biomarker in human 
exhalation, is selected for the development of 
diagnostic biosensot. The SPR properties of the 
resulting selectively formed complexes are al-
tered, leading to significant changes in SPR re-
flectance near the SPR angle. The working 
range of this sensing system is under ppm level, 
therefore, it would be applicable for use in bio-
logical monitoring and diagnosis.    

Keywords: gas biosensor, TiO2 nanomaterial, 
nanostructure, gold thin film, surface plasmon 
resonance measurements.  

 

 
Figure 1: SPR profiles for fabrication proce-
dure of TiO2 nanostructure on a gold thin film 
that we are tempting to utilize gas biosensor.  
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Abstract: 
Nanotubes have been a subject of great interests 
due to their innovative properties and potential 
applications in a variety of areas of nanoscience. 
In particular, for organic nanotubes, the precise 
functionalization and interconnection of the bu-
ilding blocks provided a vision that they could 
exhibit not only unprecedented architectures but 
also valuable functions for applications such as 
electronics and biomedicine. We report the con-
struction of uniuqe supramolecular fluorescent 
organic nanotubes derived from self-assembly 
and inclusion complexation of dendrons with 
cyclodextrins (CDs) or cucurbituriles(CBs). In 
particular, their biosensory and delivery charac-
teristics will be discussed. The organic nanotu-
bes with unique fluorescence characteristics we-
re fabricated by a hierarchical self-assembly 
process derived from a host-guest complexation 
between the amide dendrons with the focal py-
rene moiety and CDs and CBs. The supramole-
cular approach provided a facile synthetic route 
to organic nanotubes with highly complex and 
precise structures with specific function. The 
unique structural aspect of the nanotubes is that 
the surface of the nanotubes is covered with 
CDs or CBs. Therefore, the functional group on 
the surface of the nanotube is precisely control-
led by modifying the functionality of CDs. In 
addition, the fluorescent properties of the nano-
tubes are highly dependent on the exterior envi-
ronment of the nanotube. The facile functionali-
zation of the nanotube with specific peptide epi-
tope provides high selectivity as a sensory ve-
hicle. Therefore, this type of supramolecular 
nanotubes exhibited unique biosensory function 
for proteins, sugars, and ions. In addition, the 
nanotube is a useful carrier vehicle for biomole-
cules. The supramolecular approach by employ-
ing functionalized building blocks provided an 
opportunity for fine tuning of the surface of the 
nanotubes for diverse application as biosensory 
or target delivery vehicle. The unique strategic 
concept of the CD-covered organic nanotubes 
were extended towards the CD-covered nano-
particles for stimuli-responsive delivery vehicle. 
Further, the specificity of responsiveness of pep-
tides were introduced to the nanoobjects to de-

monstrate their effective function as smart sen-
sory vehicles. In particular, for the first time, we 
demonstrate the stimuli-responsive conforma-
tional conversion of peptides on the surface na-
noobjects could be utilized as a key motif for 
smart bio-responsive delivery vehicles. 

Keywords: self-assembled nanotubes, mesopo-
rous nanoparticles, sensory platform, stimuli-
responsive surfaces, conformational conversion 
of peptides, bio-responsive delivery nanovehicle. 
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Abstract: 
The field of polymeric semiconductors has 
made great progress in the last decades, and this 
allows developing conjugated polymers that can 
be tailored for many applications in organic 
electronics, such as organic field effect transis-
tors, organic light-emitting diodes, and organic 
photovoltaic cells. Nevertheless, the prediction 
of the final performance of a semiconducting 
material is in general not possible, as it is affect-
ed not only by its intrinsic electronic (optical 
and electrochemical) properties, but also by the 
morphology of the active layer of the device 
[1,2]. This morphology depends on fabrication 
conditions, and also on the interplay of the giv-
en material with other components forming the 
active layer. In general, an ordered structure and 
a high degree of crystallinity favor charge-
transport in polymer semiconductors.  
In this work, we study the bulk morphology of 
three new head-to-tail regioregular poly(4-
alkylthiazole)s (PTzTHX, PTzTNB and 
PTzTIB) through Atomic Force Microscopy 
(AFM), Scanning Electron Microscopy (SEM) 
and Grazing Incidence X-ray Diffraction 
(GIXD). We find that morphological character-
istics vary drastically depending on the nature of 
the conjugated side-chain introduced to modify 
the electronic properties of the polymer [3]. The 
complementary electrical characterization 
demonstrates a correlation between the charge 
carrier mobility and the highly ordered crystal-
line morphology (see Figure 1) of the polymer 
films [3]. 

Keywords: polymeric semiconductor, morphol-
ogy,  atomic force microscropy, scanning elec-
tron microscopy, grazing-incidence X-ray dif-
fraction, carrier mobility, electrical characteriza-
tion 

 
Figure 1: Images of three batches of PTzTHX 
with different number-average molecular 
weight, Mn. (a) AFM and (b) SEM, Mn= 59.8 
kDa (c) AFM, Mn= 39.5 kDa, (d) AFM, Mn= 
20.0 kDa. Films deposited bv spin-coating on 
ITO/PEDOT:PSS. 
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Abstract: 
Magnetic hyperthermia, alone or in combination 
with other conventional cancer therapies, using 
magnetic nanoparticles subjected to an alternating 
magnetic field (AMF), may increase patients' life 
expectancy, especially in glioblastoma1.  
In this study2,we report the fabrication of iron oxide 
magnetosome minerals isolated from magnetotactic 
bacteria, which are magnetic nanoparticles with bet-
ter characteristics than chemical nanoparticles. For 
the first time, our purification process using chemi-
cals results in nanoparticules without pyrogenic 
components of bacterial origin. Then, these nano-
particles, are stabilized with different biodegrada-
ble, biocompatible coating agents or transfecting 
agent. Several methods of physico-chemical analy-
sis such as transmission electron microscopy 
(TEM), Fourier transform infrared spectroscopy 
(FT-IR), CHNS analysis and zeta potential meas-
urements are used to verify the presence of a coat-
ing  surrounding the crystallized core of maghemite, 
to determine the surface charge, stability of these 
nanoparticles in suspension as well as their organi-
zation, in chains. Using a Limulus Amebocyte Ly-
sate test (LAL)  assay, we determined a low endo-
toxin concentration (~160 EU/ mL/ mg in iron) in 
these nanoparticle suspensions, similar to that of 
chemically synthesized nanoparticles BNF-Starch 
currently used for magnetic hyperthermia3.  
In vitro studies are carried out to measure a half 
maximal inhibitory concentrations (IC50), of these 
nanoparticles in the presence of healthy 3T3 cells, 
which is larger than IC50 values of most common 
cytotoxic anticancer drugs. When biological nano-
particles are incubated with cancerous glioblastoma 
GL-261 cells and exposed to an AMF of frequency 
198 kHz and average strength of 34 mT, the average 
specific absorption rates (SAR), are higher for coat-
ed magnetosomes than for BNF-Starch. The per-
centage of cell destruction due to the AMF applica-
tion is between 10 ± 3% and 43 ± 3%, depending on 
the coating agent surrounding these biological na-
noparticles. 

In vivo antitumor efficacy is studied on C57BL/6 
mice bearing subcutaneous GL-261 glioblastoma 
tumors. And these treatments led to a higher per-
centage of mice with full tumor disappearance of 
50% for coated magnetosomes compared with 20% 
for BNF-Starch, respectively. These promising re-
sults indicate that purified and then coated magneto-
some minerals are good candidates to carry out the 
magnetic hyperthermia treatment of tumors. 

Keywords: magnetosomes, magnetotactic bacteria, 
magnetosome minerals, magnetic hyperthermia, 
alternating magnetic field.    

 
Figure 1: TEM images of, (a), magnetosomes con-
tained inside magnetotactic bacteria, (b), magneto-
somes extracted from these bacteria and purified 
yielding “naked” magnetosome mineral cores, (c) 
and (d), coated magnetosome mineral cores usable 
as therapeutic substance for magnetic hyperthermia 
treatment of tumors.  
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Abstract: 

The need for the development of insect repellent 

materials arises from the fact that mosquitoes 

are vectors of multiple viruses, becoming one of 

the major carriers of infectious diseases to 

humans. In fact, mosquitoes are the cause of 

diseases widely spread in certain areas of 

population, such as malaria, Japanese 

encephalitis, dengue, etc. 

It is known, that there are a high number of 

substances with anti-mosquito/insect repellent 

activity, however the vast majority of them are 

thermolabile substances. Many natural 

compounds and extracts are not compatible with 

the high requirements in manufacturing and 

curing processes employed in the industries. In 

this sense, microencapsulation technology 

presents a great potential to the industry due to 

its capability to protect the active substances 

from external agents responsible of their 

degradation.  

Microencapsulation could be defined as a 

substance coating process with an inert shell, 

generally of a polymeric nature, which protects 

or isolates an active compound from external 

agents and allows its controlled release. 

However, not all the shell materials employed in 

microencapsulation technology can bear the 

severe industrial footwear processes, plastic 

extrusion and food production processes, which 

require high demands of pressure and heat that 

may produce the rupture of microcapsules with 

the subsequent degradation of the active 

ingredients incorporated into the material or into 

the final product; a premature release may also 

cause the loss of the desired functionality. 

Generally, polymers, synthetic or natural, are 

the common shell materials used. However, one 

of the main drawbacks that arise with the use of 

different natural and synthetic polymers is its 

low thermal and mechanical resistance, which 

difficult their use in microcapsules to be valid to 

functionalize certain industrial products (Figure 

1). 

As an alternative, to solve the above mentioned 

inconveniences, this study presents the use of 

inorganic nature compounds as microcapsule 

shell. Materials such as carbonates, silicas and 

other metal oxides, are capable of withstanding 

high temperatures and with a great mechanical 

resistance. 

 

Figure 1: Image of leather with natural polymer 

microcapsules, before and after fabrication process. 
 

The results of this study will help food, 

packaging, plastic and footwear industries, 

among others, to improve their current 

manufacturing processes and the final quality of 

their products, making them more sustainable 

and healthier for the final consumer. 

Keywords: functional materials, controlled release, 

silica microcapsules, SEM, TGA, GC-MS. 
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Abstract: 

Magnesium and its alloys have been used as 

advanced structural and functional materials in 

aerospace, automobile and railway industries 

because of their excellent physical and 

mechanical properties such as low density, good 

electromagnetic shielding and high specific 

strength. Their low corrosion resistance, 

however, has hindered their use on a larger scale. 

To improve the corrosion resistance of the 

magnesium alloys, the development of a novel 

coating technology has been required. In this 

presentation, we report a novel preparation 

method of an anticorrosive Mg-Al layered double 

hydroxide/oriented magnesium hydroxide 

composite film on magnesium alloys by steam 

coating [1]. The corrosion resistance of the 

composite film was also investigated. 

Magnesium alloys AZ31 and AZX 612 were 

used as a substrate. The cleaned substrates were 

set in the autoclave. The autoclave was saturated 

with water vapor by introducing steam at 140 to 

180 oC for 0.5 to 2 h, resulting in the formation 

of anticorrosive films on magnesium alloys. 

Figure 1 shows XRD patterns of the film formed 

on AZ31 at 180 oC (1), 140 oC (2) and 160 oC 

(3), and on AZX 612 at 150 oC (4) and 160 oC 

(5). XRD patterns revealed that all the films were 

composed of crystalline Mg(OH)2. The film 

formed at 180 oC had a peak assigned to Mg-Al 

LDH at 2θ = 11.4o. O1s XPS spectrum of  the 

film formed at 180 oC also showed the presence 

of MgO. However, no peak attributable to MgO 

can be observed in the XRD pattern. Thus, the 

films could be composed of amorphous MgO, 

crystalline Mg(OH)2 and Mg-Al LDH. The 

corrosion resistances of the composite films 

formed on magnesium alloys were investigated 

by CCT test and electrochemical measurements. 

The films formed on magnesium alloys showed 

higher corrosion resistance than untreated 

magnesium alloys. 

 

Keywords: Magnesium alloy, layered double 

hydroxide, steam coating, corrosion resistance, 

surface modification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: XRD patterns of samples subjected to 

steam coating under different conditions. 
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Abstract: 
Bone losses often happens in aging population. 
Serious bone losses could resulted in various 
complicated damages, and orthopedic implant 
becomes inevitably. Metal materials were com-
monly used in artificial substitutes and human 
body assembly parts. Although currently many 
metal materials have clinical success for im-
plant, there are many factors for the reliability of 
implants which includes wear, fatigue failure 
and corrosion. Careful selection of alloying ad-
ditions when design new alloys for biomedicine 
can improve properties of corrosion, increased 
strength and wear resistance, decreased Young's 
modulus, etc. In this research, Ti-based metallic 
glasses were studied. The materials were melted 
then passed through a mold Rod size of about 3 
~ 6 mm were produced. The surface morpholo-
gy and lattice structure of the alloying elements 
were observed by X-ray diffractometer and 
scanning electron microscopy. Dynamic tensile 
and static mechanical properties of Ti-based 
bulk metallic glass materials were investigated 
by means of a Brazilian disc method (BD) using 
a material testing system and a Split Hopkinson 
Pressure Bar, respectively. The mechanical and 
mechanical properties of the materials were 
mainly tensile strength and strain and stress. 
Dynamic and static fracture process of the Ti-
based bulk metallic glasses at various loading 
rates was measured. Ti-based metal glass has a 
lower Young's modulus than human bone and 
high strength properties and good corrosion re-
sistance; it has great potential as human bone 
implant material.  
 
 
 
 
 
 
 
 
 
 
 
 

Keywords: Spilt Hopkinson Pressure Bar, Bra-
zilian Disc, Ti-based bulk metallic glass  
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Abstract: 
Development of surface treatment technology 
for control of water droplet behavior is essential 
for various applications such as µ-TAS, auto-
mobile, and so on, because the technology holds 
the promise for considerably reducing energy 
consumption in their industries. Superhydro-
phobic surface with a water contact angle of 
more than 150o is known as a surface to repel 
extremely water. [1,2] The superhydrophobicity 
is created by two factors, i.e., low surface ener-
gy and nanostructure. The nanostructure is easi-
ly damaged by physical contact, resulting in the 
decrease in the water contact angle. Thus, it is 
required to create a novel surface that can con-
trol wetting behavior of water droplet after 
physical contact. Hydrophobic surface with a 
low contact angle hysteresis is considered to be 
an alternative surface to respond to the request, 
because the surface can control wetting behavior 
of water droplet. In addition, the surface does 
not have nanostructure, so it is hardly affected 
by the physical damage. Thus, it is very im-
portant to develop a technology for creating hy-
drophobic surface with a low contact angle hys-
teresis. In this study, we aimed to prepare 
dewetting surface showing a low contact angle 
hysteresis by a simple and easy process.  
Si wafer was used as substrate. Hydrophobic 
surface was prepared on the cleaned substrate 
using mixed raw materials composed of tri-
methoxy(methyl)silane (TTMS), dodecyltri-
methoxysilane  (DDS) or hexyltrimethoxysilane 
(HXS) and octadecyltrimethoxysilane (ODS) by 
a chemical vapor deposition at 373 K for 24 h.  
Fig 1 shows water contact angle hysteresis val-
ues as a function of ODS amounts in raw mate-
rials. The water contact angle hysteresis on the 
surface covered with HXS and ODS, and DDS 
and ODS were decreased with an increase in 
ODS amounts in raw materials. The contact an-
gle hysteresis of the samples were approximate-
ly kept constant at 10o. The surface covered with 
HXS and ODS became water contact angle hys-
teresis of less than 10o, showing the lowest wa-
ter contact angle hysteresis. On the other hand, 

water contact angle hysteresis of the surface 
covered with TTS and ODS were approximately 
kept constant at 20o. These results indicate that 
the difference in the alkyl chain length of the 
raw material affects the contact angle hysteresis. 

Keywords: Wettability, contact angle hystere-
sis, dynamic behavior of water dloplet, CVD. 
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Figure 1: Water contact angle hysteresis values 
as a function of ODS amounts in raw materials. 
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Abstract: 
Ammonia is a harmful environmental pollutant, 
and it is also an important breath biomarker of 
kidney and liver diseases. The ammonia level 
for human breath and ambient environment is in 
the range of hundreds ppm to several ppb. How-
ever, it is difficult to detect low-level ammonia 
using single sensor at room temperature. Poly-
aniline [1] is also a kind of ammonia sensitive 
material, however, it showed relatively poor 
mechanical properties and selectivity. In the 
previous study, some metallic nanoparticles, 
such as Au NP, Cu NP and Pt NP [2], were 
doped to improve the sensing performance. The 
easily functionalized and excellent electrical 
properties of reduced graphene (rGO) was ex-
ploited to be the composite matrix in this study. 
In this study, a polyaniline/ reduced graphene 
oxide nanocomposite was synthesized in a one-
pot system. Aniline monomer introduced into 
the rGO surface between layer-by-layer was 
enhanced in high pressure system.   
In order to eliminate the surface tension and 
enhance the uniformity, supercritical water was 
utilized to synthesis copper nanoparticle deco-
rated composite. The copper nanoparticle was 
deposited onto rGO surface uniformly in super-
critical water to form the PANI/MNP/rGO. 
PANI/MNP/rGO catalyzed the oxidation reac-
tion of ammonia. The surface morphology and 
microstructure of the sensing layers were ana-
lyzed by scanning electron microcopy and 
transmission electron microcopy. The chemical 
structure of the sensing materials was character-
ized by Fourier transform infrared spectroscopy 
(FTIR) and X-ray photoelectron spectroscopy 
(XPS). This chemiresistor ammonia sensor was 
operated at room temperature. The resistance of 
the sensing layer increased as the monotonic 
function of ammonia concentration. This sensor 
showed a highly sensitivity in a wide range of 
250 ppm to 25 ppb. The experimental results 

suggested that our PANI/rGO-based sensor was 
successfully developed for ppb-level ammonia 
sensing for environment and biomedical appli-
cations.  

Keywords: ammonia gas sensor, reduced gra-
phene oxide, polyaniline, supercritical water 
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Abstract: 

In this present work, we report on the 

electrodeposition of FeNi into porous silicon 

(PS) formed on n-type Si with different 

resistivity. 

Mesopore and macropores silicon layers 

were formed at constant current density in 

HF-based electrolyte. FeNi films were 

electrodeposited by applying a constant bias 

potential. The electrodeposited thin films 

were characterized by scanning electron 

microscopy (SEM) and energy dispersive 

(EDS) and X-ray diffraction. 

The results show that the FeNi growth on PS 

surfaces is predetermined by the pore Si 

morphology and follows the pore silicon 

shape. In the case of macroporous layes, the 

FeNi grains decorate the inner of pore and 

grow in a cylindrical-like or tubular-like form 

perpendicular to the substrate surface – 

However, for a FeNi deposition into 

mesoporous Si layers, the FeNi grains first 

penetrate deep into the pore and agglomerate 

at the entry of the pore due to its obstruction 

by the FeNi particles. The deposition occurs 

on the entire surface. In addition, the results 

clearly confirm that the plating parameters 

(deposition procedure: fixed or sweeed 

potential, pore morphology, etc) have a 

strong influence on morphology and 

composition of the FeNi films.   

Finally, the obtained results are discussed 

and a grow mechanism for each case is 

proposed. 

Keywords: Alloys,  Chemical synthesis,   Iron-

Nickel, Porous silicon.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Figure illustrating Plan view SEM 

images after deposition of a FeNi film on macro 

porous Si substrate(a) and mesoporous Si (b). 
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Abstract: 

Resently, much attention has been payed to 

development of highly efficient new dressing 

materials for burn wounds with faster healing 

time. As a unique dressing material, nanosheets 

made from poly L-lactic acid (PLLA) showed 

numerous attractive properties such as high 

adhesion and flexibility on skin, biocompatibility, 

biodegradability and so on. They also 

demonstrated efficiency in vivo, holding gastric 

incision area and accelerating wound healing, 

thus showing promise as a good alternative to 

conventional suture/ligation materials [1].  

Microelements such as zinc, iron, copper and 

magnesium have been reported as essential for 

wound healing [2]. Therefore, it is believed that 

incorporating such elements (nanocontainers 

leaching Zn, Fe, Cu and Mg ions) into PLLA 

nanosheets will enhance their healing 

performance as wound dressing, leading to the 

development of next-generation biomedical 

materials.  

This work deals with PLLA nanosheets (see 

Figure 1) incorporated with nanoparticles that 

serve as nanocontainers releasing metal ions. We 

mainly focused on Zn-containing nanoparticles 

which were prepared by the laser ablation in 

liquid method (a convenient and easy-to-use 

laboratory technique) [3]. PLLA nanosheets were 

incorporated by ZnCl2 and ZnO nanoparticles 

(see Figure 1), and the dynamics of Zn2+ release 

into physiological solution at 37 oC was 

evaluated. As a next step, in vivo experiments on 

animals are planned in order to study how the use 

of such Zn-incorporated nanosheets influences 

wound healing.     

Keywords: wound healing, dressings, burn 

wound, polymer nanosheets incorporated with 

nanoparticles, Zn-containing nanoparticles, 

biomedical marerials. 

 

 

 

 

 

Figure 1: Cuvette with colloidal solution of 

ZnCl2 nanoparticles prepared via laser ablation 

in liquid (left) and free-standing PLLA 

nanosheet incorporated with such nanoparticles 

(righ), floating on water. The nanoshteet is about 

3x3 cm2 and about 50 nm thick, which provides 

superior flexibility and adhesion on any surface. 
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Abstract: 

In order to promote antitumor efficacy by the 
imaging-guided photothermal/chemo combined 
therapy, a practical approach was developed 
herein to prepare tumor pH-responsive surface 
charge-switchable nanoparticles capable of co-
delivering a photothermal agent, indocyanine 
green (ICG), and a chemotherapy drug, doxoru-
bicin (DOX, free base form) for enhanced tu-
mor uptake and penetration. The drug-loaded 
nanoparticles (NPs) were obtained from the co-
assembily of the hydrophobic chemodrug (dox-
orubicin), the phototherapeutic agent (ICG) and 
the biodegradable copolymer, poly(lactic-co-
glycolic acid) (PLGA), followed by implement-
ing the NP surface with a layer of N-acetyl his-
tidine modified D-α-tocopheryl polyethylene 
glycol succinate (His-TPGS) via hydrophobic 
association to improve the colloidal stability 
both in vitro and in vivo. The obtained NPs in 
this work exhibits a mean hydrodynamic diame-
ter of ca 50 nm and negatively charged surface 
in aqueous solution at pH 7.4. Through the 
small size along with the increase in surface 
positive charges due to the pH-triggered proto-
nation of histidine residues, the payload-
carrying NPs show a rapid accumulation in mu-
rine prostate TRAMP-C1 and human breast 
MCF-7 cancer cells as well as murine macro-
phage-like RAW 264.7 cells in vitro under weak 
acidic conditions. This is caused in part by their 
enhanced attraction with the negatively-charged 
cell membrane surfaces, due to the increased 
positive charges on particle surfaces. The in vi-
vo and ex vivo biodistribution studies demon-
strated the substantial accumulation of the 
theranostic nanoparticles in tumor of tumor 
(Tramp-C1)-bearing mice after intravenous in-
jection. The immunohistochemical examination 
of tumor sections confirmed the enhanced tumor 
uptake and penetration of therapeutic nanoparti-
cles decorated with His-TPGS. The prominent 
imaging-guided photothermal therapy of 
ICG/DOX-loaded nanoparticles after tumor ac-
cumulation induced extensive tumor tissue abla-
tion, which further promoted their extravasation 

and DOX permeation, thus effectively suppress-
ing tumor growth. 

Keywords: tumor accumulation, deep tumpr 
penetration, charge transition, chemotherapy, 
photothermal therapy, tumor hypoxia. 

 
Figure 1: Illustration of active tumor penetra-
tion and uptake of therapeutics-loaded nanopar-
ticles with tumor environmental pH-triggered 
surface charge transition for the imaging-guided 
photothermal/chemo combinatorial therapy. 
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Abstract: 
Chitosan (CS) is the second most abundant ami-
no polysaccharide and is estimated to be pro-
duced annually almost as much as cellulose (1). 
Chitosan basically is obtained from waste sea-
food (prawn/crab shells) after deacetylation pro-
cess of chitin (2). Silver sulfadiazine (AgSD) 
has wide antibacterial spectrum as long as using 
present limitations due to poor solubility and 
cytotoxicity (3). It has a primary significance to 
prevent infections (4). Therefore, it has anti-
infective effect as a topical formulation (3). Pol-
ymeric micelles are generated for it’s structure 
and properties of the amphiphilic block co-
polymers that form stable polymeric micelles, 
having high loading capasity towards poorly 
soluble pharmaceuticals (5-6). 
In this study, gel formulations containing silver 
sulfadiazine or chitosan-silver sulfadiazine pol-
ymeric micelles were prepared with hydroxy-
propyl methylcellulose (HPMC) as gelling 
agent. Formulations were characterized by rheo-
logical property, in vitro drug release and anti-
bacterial activity studies. 
Keywords: silver sulfadiazine, chitosan, poly-
meric micelles, gel formulation, hydroxypropyl 
methylcellulose (HPMC) 

Preparation of HPMC Gel Formulations 
HPMC gel was prepared by solubilization of 4% 
hydroxyporpyl methylcellulose in hot water 
(70°C). Gel formulations was obtained by add-
ing AgSD or polymeric micelles equivalent to 
1% AgSD, into 4% HPMC gel. 
Characterization Studies on HPMC Gel 
Formulations  
AgSD content of HPMC gel formulations was 
determined by an HPLC system consisting of 
Thermo Scientific Dionex Ultimate 3000 pump, 
autosampler (maintained at 25 °C), column oven 
and UV absorbance detector (set at 254 nm) and 
a ACE C18, 5 µm, 4.6 mm × 250 mm column. 
The rheological properties of gel formulations 
were determined by using rheometer (Haake 
Mars Thermo Modular System). PP20Ti con 

plate was used at 25ºC, where the viscosity of 
the gels was determined under a constant in-
crease in the shear rate. Then, the viscosity was 
plotted against the shear rate and the rheological 
properties were evaluated. 
In vitro drug release studies were conducted in 
Franz type diffusion cells with 7 mm diameter 
range (Logan FDC-6 Transdermal Testing Sys-
tem, Logan Instruments Corp., NJ, USA).  
Antibacterial activities of gel formulations were 
determined by the agar well diffusion method 
(7). Standard suspensions of Escherichia coli 
ATCC 25923, Pseudomonas aeruginosa ATCC 
27853 and Staphylococcus aureus ATCC 25922 
strains were spread on Mueller-Hinton Agar 
(MHA, Oxoid) plates. Gel formulations were 
put aseptically into the wells made in the plates 
and incubated at 35ºC for 16-18 h. Inhibition 
zone diameters formed around the formulations 
were measured. 
 
Results 
AgSD content of HPMC gel formulations was 
found between 1.2-1.7%. 
The flow curves of different HPMC gels 
showed non-Newtonian flow behaviour (Figure 
1-4). When gel formulations compared to each 
other, while plain gel was showing pseudoplas-
tic flow the other one showed plastic flow beha-
viour.

 
 



 

 

 

Figure 2: Viscosity vs. shear rate curve of plain gel formula-
tion. 

 

Figure 3: Shear stress vs. shear rate curve of gel formulation 
with polymeric micelles. 

 

Figure 4: Viscosity vs. shear rate curve of gel formulation with 
polymeric micelles. 

• Drug release of gel formulations with poly-
meric micelles was obtained slower than 
plain gel formulation. It has shown that pol-
ymeric micelles structure has a considerable 
effect on AgSD release (Figure 5). 

 

Figure 5: In vitro silver sulfadiazine release profiles from gel 
formulations. 

• In accordance with drug release studies, an-
tibacterial effect obtained by gel formulation 
with polymeric micelles was lower than plain 
gel formulation (Figure 6).  

 
Figure 6: Inhibition zone diameters of 4% HPMC gel (1), plain 
gel formulation (3) and gel formulation with polymeric micelles 
(4) against Staphylococcus aureus American Type Culture Collec-
tion (ATCC) 25923, Escherichia coli ATCC 25922 and Pseudo-
monas aeruginosa ATCC 27853 standard strains. 

Conclusion 
HPMC based silver sulfadiazine gel formula-
tions were prepared successfully with chi-
tosan polymeric micelles. 
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Abstract: 
Over the years colloidal semiconductor nanopar-
ticles have attracted considerable attention ow-
ing to their unique size-dependent optical and 
electronic 
properties. Lately, a new direction has emerged 
in potential biotechnological applications such 
as luminescence tagging, immunoassay, drug 
delivery and cellular imaging. Their photoactivi-
ty is also the reason for considering them as 
photo-drugs. 
A wide range of biological and biochemical ef-
fects of nanomaterials might be resulted from 
the direct or indirect interaction with biological 
targets such as DNA or proteins. Nanoparticles 
have the ability to bind and interact with biolog-
ical matter changing the surface characteristics 
depending on the environment they are present, 
resulting in an increased concern over its poten-
tial effect on human body. Thus the characteri-
zation of nanoparticles in contact with the bio-
logical systems becomes even more complex. 
Little is known about evidence for interaction of 
nanocrystalline oxides such as TiO2 or CeO2 
with its targets in vivo and particularly the their 
effect on the DNA structure and cell apoptosis 
in vivo. In addition, when irradiated by light of 
appropriate energy, the semiconductor nanopar-
ticles are known to be source of reactive oxygen 
species i. e. hydroxyl radical, superoxide, etc. 
This study presents the results of investigation 
of various interactions between nanoparticles 
and biomolecules, including binding of nanpar-
ticles to DNA and proteins, their effects on 
structure and integrity of biomolecules both in 
the dark and under irradiation. 
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Abstract: 

    Electrochemical spectroscopy is provided the 

method to detect the bio-molecular interaction 

sensitively and selectively. Although the Gold 

electrode has the excellent charge transfer 

property that has been widely used in 

electrochemical analysis. But, the cost of such 

gold electrode is high. Moreover, it spends a lot 

of time and it is complicated to regenerate active 

gold electrode. Of this reason, a ready-to-use 

electrode is highly desired for electrochemical 

analysis. In our study, we were successful to 

develop a novel nanocrystalline thin film 

palladium (Pd) film electrode which is deposited 

on flexible polyethylene terephthalate (PET) by 

sputtering.  

    Recently, we used the novel nanocrystalline 

palladium (Pd) film electrode to detect the 

interaction between DNA and small molecule 

interaction. This technique using electrochemistry 

impedance spectroscopy (EIS) to detect drugs 

and DNA interaction are both usability and 

sensitivity increased.  

  As a result, we demonstrated a Pd nano-thin 

film electrode was used in anticancer drugs and 

DNA interaction detection. And the sensitivity is 

as sensitive as sub nano-gram level. The 

nanocrystalline palladium (Pd) film electrode has 

the potential in DNA binding drug screening. 

Keywords: Electrochemical spectroscopy, Nano 

crystalline electrode, DNA structure, Impedance, 

DNA-drug interaction. 

 

 

 
 

Figure 1: Figure illustrating the cyclic 

voltammogram profile of bare Pd nano thin film 

electrode (upper panel) and the structure of Pd 

nano thin film electrode with drug binded DNA 

SAM (lower panel). The performance of bare Pd 

nano thin film is as good as conventional gold 

electrodes. The sensitivity of our Pd thin film 

electrode is as sensitive as sub nano-gram level. 

Epa is the potential of oxidation stage, Epc is the 

potential of reduction stage of Fe 

(CN)6
3+/4+electrolyte. The inset in left denoted the 

drug –DNA complex. The gray area is Pd thin 

film with the thickness around 20 nm. The 

substrate below the Pd film is plastic polymer. 

The blue area on the electrode is insulating layer. 
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Abstract: 

Cystic echinococcosis caused by the flatworm 

parasite Echinococcus granulosus, is a serious 

health and economic problem in several 

countries, including Uruguay, Argentina, Chile, 

Perú and Brasil. This disease affects both humans 

and livestock. Diagnosis of the disease is 

performed using imaging and immunological 

techniques. However, once the hydatid cyst is 

detected the most effective treatment is surgery, 

with the risk of rupture of the cyst and larvae 

reseeding. An effective way to eliminate this 

disease is through the development of vaccines to 

prevent infection in the definitive host, the dog. 

This approach is less expensive and more 

effective than a vaccine designed for intermediate 

host (sheep and cattle). It is possible to achieve 

high levels of complex and reliable protection 

against metazoan parasites using recombinant 

antigens. We have selected EgVAL1 and 

EgVAL2 proteins belonging to the CAP 

superfamily of proteins. Promising results have 

been obtained using nematodes proteins of this 

superfamily as vaccine candidates. EgVALs were  

encapsulated in polylactic acid nanoparticles 

coated with chitosan by the double emulsion with 

solvent evaporation method, obtaining the 

adequate parameters (Fig.1). In addition, the 

encapsulated antigens were well preserved when 

submitted to gastrointestinal conditions. Using 

nanoparticulate system offers a great possibility 

to enhance antigen delivery to intestinal 

presenting cells and hence the immune protection 

against Echinococcus granulosus. Future trials 

are needed to assess the effectiveness of these 

antigens in generating a vaccine to be 

administered orally to dogs. 

 

Keywords: Hydatic disease, recombinant 

protein, encapsulation, double emulsion method, 

polymeric nanoparticles, vaccine, nanomedicine, 

mucosal immunity. 

 

Figure 1: EgVALs encapsulation in polymeric 

nanoparticles by double emulsion with solvent 

evaporation method. a) and b) sequential 

emulsions, c) ethyl acetate evaporation. 
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Abstract: 
Nanoparticles (NP) are promising vehicles for 
drug delivery because of their capacity to 
transport considerable amounts of drugs, possi-
bility for active targeting, etc. Nevertheless, 
many types of nanocarriers show rather limited 
efficiency in vivo due to rapid elimination by 
macrophages of the mononuclear phagocytic 
system after intravenous administration [1]. 
Here, we report thorough investigation of fac-
tors, which affect NP blood circulation dynam-
ics and other pharmacokinetic properties. 
In this study, for registering nanoparticle blood 
circulation dynamics, we used highly sensitive 
magnetic particle quantification (MPQ) tech-
nique [2,3], which offers convenient and accu-
rate non-invasive detection of magnetic nano-
particles in real time in vivo. The method is 
based on non-linear magnetization of magnetic 
materials in the ac field generated at two fre-
quencies and measuring the response at the 
combinatorial frequency. 
We have investigated the circulation parameters 
for many types of magnetic nanoparticles with 
different sizes, shape, coatings, as well as for 
many particle administration parameters such as 
doses, etc. For the majority of particles, their 
circulation can be fitted by the monoexponential 
dependence (see example in Fig. 1). We have 
found that reducing size and increasing dose of 
the injected particles significantly prolongs their 
circulation in blood. Moreover, we investigated 
the influence of two types of nanoparticles on 
each other’s pharmacokinetics when they are 
injected in series or in parallel. 
The developed methodology along with the ob-
tained results is attractive for rational design of 
drug nanocarriers and other in vivo applications 
of nanoparticles. 

Keywords: nanoparticles, pharmacokinetics, 
blood circulation, magnetic detection, drug de-
livery vehicles. 

 
Figure 1: The standart behavior of NP circula-
tion in blood measured with the MPQ method. 
Arrow shows moment of nanoparticle admin-
istration. 
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Abstract: 

At the forefront of revolutionizing medicine, 

RNA interference (RNAi) holds great potential 

as a therapeutic route. Since the most preclinical 

drug screening in vitro was carried out in a 

monolayer cell culture, it is not physiologically 

relevant to the in vivo conditions, where three-

dimensional tissues are the objects. Thus, 

development of more biologically relevant 

models for early drug screening is greatly 

needed. Here, the aim of the present study was to 

develop 3D spheroids and evaluate effectiveness 

of NP1, a novel CPP (STR-H16R8) developed in 

our group, to deliver anticancer siRNAs. 3D 

spheroid of human colon cancer cells- HCT 116 

cells was generated and its morphology was 

characterized. It revealed that the cells can form 

compact spheroid within 3 days with three 

distinct layers of proliferating, dormant and 

necrotic cells. As well, spheroid showed large 

cohesive cells with apparent epithelial phenotype 

and large atypical nuclei with occasional 

prominent nucleoli, which closely mimic the 

features of tumors in vivo. Furthermore, NP1 in 

complex with siRNA elicited a high cellular 

uptake of siRNA in both 2D and 3D cell culture 

followed by potent knockdown efficiencies of 

Bcl-2- and VEGF-1a- siRNA with 53% and 51% 

of reductions in Bcl-2 and VEGF-1a mRNA 

expressions respectively. In addition, 3D 

spheroids demonstrated apoptosis resistance 

compared to 2D cells. Taken together, 3D 

spheroids provide an improved model for testing 

siRNA delivery in vitro, NP1 as a siRNA carrier 

can effectively protect and deliver siRNAs and 

maintain high silencing efficiency. 

Keywords: 3D spheroids, Bcl-2-siRNA, VEGF-

1a-siRNA, cell penetrating peptide, cellular 

uptake, knockdown efficiency, apoptosis. 

 

 

 

 

 

 

 

 

Figure 1: Figure 1 displaying zonal 

characteristics of 3D cell biology under confocal 

laser microscope. Spheroid was stained with 

dyes (calcein AM and ethidium homodimer 

(EthD-1)) to detect live and dead cells (live/dead 

assay). It shows clearly that cells within the 

spheroids are divided into three distinct layers 

namely the outer rim of live and proliferative 

cells emitting green fluorescence, the middle 

layer of cells not emitting any florescence, 

known as quiescent cells and the inner center 

cells emitting red florescence, known as necrotic 

core.  
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Abstract: 
Malaria is a mosquito-borne disease caused by 
Plasmodium malaria, which annually induces 
800,000 deaths worldwide. Malaria epidemics is 
mediated by the Plasmodium-infected mosqui-
toes where malaria protozoans parasitize in 
erythrocytes and reproduce through self-
replication. Malignant malaria, P. falciparum, 
shows lack of persistent immune response when 
it is infected to human. Various antimalarial 
drugs of quinolones and anti folates have been 
developed for the treatments. Also, recently, a 
few researchers showed that photodynamic ther-
apy could be used for the treatment of various 
tropical diseases including malaria. 

In this study, we investigated the antimalarial 
effect of photodynamic inactivation (PDI) cou-
pled with magnetic nanoparticles (MNPs) as a 
potential strategy to combat the emergence of 
drug-resistant malaria and resurgence of malaria 
after treatment. Because the malarial parasite 
proliferates within erythrocytes, PDI agents 
need to be taken up by erythrocytes to eradicate 
the parasite. We used photofunctional MNPs as 
the PDI agent because nanosized particles were 
selectively taken up by Plasmodium-infected 
erythrocytes and remained within the intracellu-
lar space due to the enhanced permeability and 
retention effect. Photofunctionality was provid-
ed by a photosensitizer (PS), which generates 
reactive oxygen species (ROS) under irradia-
tion. PSs were covalently bonded to the surface 
of the MNPs. The morphology and structural 
characteristics of the MNPs were investigated 
by scanning electron microscopy and X-ray dif-
fraction (XRD). And the photophysical proper-
ties of the PFNs were studied with various spec-
troscopic method. Generation of singlet oxygen, 
one of the ROS, was directly confirmed with 
time-resolved phosphorescence spectroscopy. In 
order to evaluate the ability of PFNs to kill ma-
larial parasites, the PDI effect of PFNs was 
evaluated within the infected erythrocytes. Fur-
thermore, malarial parasites were completely 
eradicated from the erythrocytes after PDI 
treatment using PFNs on the basis of an 8 day 
erythrocyte culture test.  

Keywords: singlet oxygen, magnetic nanoparti-
cles, eradication, plasmodium malaria, photody-
namic inactivation 

 
Figure 1: Schematic of photodynamic inactiva-
tion of Plasmodium falciparum in erythrocytes 
by Photofunctional nanoparticles 
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Abstract: 

The advances in nanoparticles synthesis and 

functionalization led to a large area of biomedical 

applications as labelling, targeting drug carriers, 

thermoablation or magnetic resonance imaging 

[1]. The diagnostic devices for cells analysis that 

use electroporation to permeabilize cell 

membrane for transfection or lysis can benefit 

from physical properties of magnetic 

nanoparticles trough cell labelling for detection 

and improved sensing based on modified 

electrical system parameters. In this work we 

investigated the properties of nanoparticles 

related to their influence on cell separation by 

dielectrophoresis (DEP) and contribution to 

electric properties of labelled cells that can 

improve the selective manipulation of 

electroporated and unaffected biological samples 

in a micro-electro-fluidic system. The system 

integrates a fluidic component with 

microchannels and inlet/outlet chambers and an 

electric part with microelectrodes aligned to flow 

path. The cells in buffer are separated in the 

region of high electric field by positive DEP and 

subjected to high field pulses to induce 

membrane permeabilization; they are further 

transported through two exit channels by 

separating the unaffected and electroporated cells 

using frequency that induces opposite 

(positive/negative) mobility. Cell labelling using 

magnetic nanoparticles modifies their DEP 

mobility via conductivity and permittivity as 
illustrated in figure 1 for cervical cells and it 

allows selective and more precise handling and 

separation. Fe3O4 nanoparticles were synthetized 

by co-precipitation procedure [2] modified in our 

laboratory, coated with gold to obtain “raspberry-

like” nanoparticles, and functionalized with 

specific cellular antibodies for cells caption and 

detection. The nanoparticles were investigated by 

microphysical characterization techniques as 

SEM (Figure 2), TEM, XRD, FTIR and UV-VIS 
spectroscopy. 

 

Keywords: magnetic nanoparticles, cell 

labelling, dielectrophoretic separation, cell 

electroporation. 

 

Figure 1: Variation of DEP mobility as function 

of labelled cell conductivity at low and high 

frequency for two values of buffer conductivity. 

 

Figure 2: SEM Images of nanoparticles:  

(a) Fe3O4; (b) Fe3O4@Au 
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Abstract: 

For increasing the sensitivity and analyte-binding 

capacity of biosensors, sensing molecules (e.g., 

IgGs, receptors) on solid phase should be 

clustered and fixed in an oriented immobilization 

manner1. Here, we present a novel ~30-nm 

scaffold ZZ-bionanocapsule (ZZ-BNC; Figure 

1A), consisting of hepatitis B virus envelope L 

protein fused with the protein A-derived IgG Fc-

binding Z domains (ZZ-L protein), that serves for 

both clustering and oriented immobilization of 

Fc-containing sensing molecules1-4.  

In QCM and SPR equipped with IgGs or Fc-

fused receptors as immobilized sensing 

molecules, ZZ-BNC could adsorb onto the gold 

surface of sensor chips firmly, and thereby 

markedly enhance the sensitivity, analyte-binding 

capacity, and affinity of sensors2,3. High-speed 

atomic force microscopy (HS-AFM) of the 

sensors revealed that IgGs underwent rotational 

Brownian motion on ZZ-BNCs with the Fc 

region serving as the supporting point4. 

Furthermore, we succeeded in the disassembly of 

ZZ-BNC to ZZ-L micelles by surfactants. By 

mixing with liposomes on biosensor surface, they 

could transform into planar ZZ-L membrane 

spontaneously, allowing us to control the density 

of ZZ-L proteins. The planar ZZ-L membrane is 

more applicable to various biosensors than 

capsular ZZ-BNC for enhancing the sensitivity 

and analyte-binding capacity (unpublished). 

 

Keywords: bio-nanocapsules, scaffolds, 

clustering, oriented immobilization, sensing 

molecules, biosensor surface. 

 

Figure 1: (A) Structure of ZZ-BNC. (B) ZZ-

BNC- and planar ZZ-L membrane-scaffold for 

clustering and oriented immobilization of 

sensing molecules on biosensor surfaces. 
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Abstract: 
The chemical functionalization of nanomaterials 
with bioactive molecules have been used as an 
effective tool to mimic extracellular matrix and 
study the cell material interaction in tissue engi-
neering [1]. In this respect, periodic mesoporous 
organosilica (PMO) nanoparticles were func-
tionalized with different enantiomers D(L)-
penicillamine (PEN) and a D(L)-mannose deriv-
ative (MAN) embedded in a 3 Dimensional (3D) 
alginate (Alg) hydrogel to control the affinity of 
cells to the hydrogel surfaces, and enrich one 
cell type from a mixture of healthy and cancero-
genous ones (Fibroblast [F] and Colo 818 [C]). 
The results showed that the affinity of cells to 
the respective hydrogel scaffolds affected by the 
enantiomers was more pronounced in D(L)-
PEN-Alg and F cells could enrich 3 times more 
than C cells (Fig.1). This new advanced nano-
composite hydrogel can be utilized in drug de-
livery system, cell−cell separation and especial-
ly in cancer therapy. 

Keywords: nanomaterials, periodic mesoporous 
organosilica (PMO), enantiomers, nanocompo-
site hydrogel, cell−cell separation, healthy and 
cancerogenous cell. 

 
Figure 1: Fig.1 Quantitative numbers of live 
(103) F and C cells in D-PEN, L-PEN, D-MAN, 
L-MAN, PMO-NH2 Alginate scaffold and just 
alginate hydrogel after 1 day and 3 days incuba-
tion (at 37°C). 
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Abstract: 
The effects pattern size on bacteria adhesion, 
spreading, and focal adhesion development are 
studied. 
Fibronectin patterns from 0.1 to 1µm produced 
by colloidal lithography reveal important differ-
ences in how cells adhere to and bridge focal 
adhesions across protein nanopatterns versus 
micropatterns. The differences in patterns size 
are implicated as important factors in bacterial 
adhesion development. 

Keywords: Protein patterns, cell adhesion, fi-
bronectin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Confocal Laser Microscopy 20× 
image of the Staphylococcus aureus adhesion 
and colonization on (100,300,800) Sio2 nano-
holes. 
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Abstract: 
In this study, a variety of denim color shades 
was achieved along with antibacterial properties 
in a single step process. On site synthesis of 
nano-copper was carried out by chemical reduc-
tion method of copper(II) sulfate with the pres-
ence and absence of glucose acting as a reduc-
ing agent resulting in the two forms of cop-
per(II) and copper(I) oxides with different col-
ors and effects on denim garment. Copper nano-
particles were characterized by UV-visible spec-
trometer of the remaining solution after the 
treatment. The antibacterial properties of the 
treated denim samples showed significant 
growth reduction in E. coli and S. aureus bacte-
ria. XRD and EDX analyses of the treated den-
im garment confirmed the synthesis of cop-
per(II) and copper(I) oxides on the fabric. Also, 
the particle shape, size and distribution of nano-
copper was observed by SEM and MAPPING 
analysis (Figure 1). 
 
Keywords: Nano-copper, Antibacterial, Denim 
Garment, Denim design, Color changes 
 

   
Figure 1: SEM images of the synthesized cop-
per nanoparticles on denim garment (a) cop-
per(II) oxide and (b) copper(I) oxide 
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Abstract: 
Conventional diagnostics of deficiency disor-
ders is often limited to the measurement of con-
centration, not the affinity of the deficient com-
ponent. In case of alpha1-antitrypsin (AAT) de-
ficiency disorder, AAT plasma level is low in 
patients due to the genetic mutation. However, 
measured concentration of AAT does not corre-
late with the manifestation of symptoms. We 
hypothesized that its affinity to its target neutro-
phil elastase is different in plasma of different 
patients. 
We developed a competition assay based on the 
physical phenomenon of thermophoresis [1]. 
Our assay assesses the affinity of AAT in addi-
tion to its concentration. The measurement is 
performed directly in the natural milieu of blood 
plasma. The three-body binding problem is used 
to fit the experimental data. 
The amplitude of thermophoresis correlates with 
symptoms manifestation in patients (Figure 1). 
Further measurements suggest a previously un-
known component in plasma, capable of modu-
lating the affinity of AAT to the target. Our 
work highlights the possibility of assay devel-
opment in the natural environment of blood 
plasma with thermophoresis with the promise to 
significantly improve the management of AAT 
deficiency.  

Keywords: protein binding assays, blood plas-
ma, microscale thermophoresis. 

 

 
Figure 1: The novel assay we developed allows 
us to measure a parameter that is sensitive to 
both concentration and affinity of the analyzed 
molecule in blood plasma. We called this pa-
rameter an amplitude. The amplitude (a) corre-
lates with symptoms manifestation better than 
concentration alone (b). FEV1 – forced expira-
tory volume in 1 second. *** - p<0.001. 
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Rejection 

Saurabh Dixit1, Rajnish Sahu1, Shree R. Singh1 and Vida A. Dennis1 
 

1 Center for NanoBiotechnology & Life Sciences Research, Alabama State University, 915 South 

Jackson Street, Montgomery, AL, 36104, USA 
 

 

Abstract: 

Current commercial skin replacements provide 

some protection and reestablishing epidermal and 

dermal layers, but are unable to resolve the issue 

of graft rejection. Stem cells have the capacity to 

transform into different tissues and organ systems 

of the body, thus making them exceptional for 

tissue engineering. However, they lack 

proliferative capacity which prevents their 

biomedical applicability. Induced pluripotent 

stem cells (iPSCs) are the most recent 

advancement made in the area of cell biology 

wherein reprogramming somatic cells provides an 

exciting alternative to using embryonic stem 

cells, and reducing the likelihood of immune 

rejection. Recent data shows that mesenchymal 

and embryonic stem cells are able to avoid 

immune rejection by producing interleukin 10 

(IL-10) and suppressing T-cell proliferation and 

pro-inflammatory cytokines. We have 

successfully encapsulated IL-10 in biodegradable 

Poly (lactic acid)-poly (ethylene glycol) 

nanoparticle (PLA-PEG-IL-10), demonstrated its 

slow release profile and functional capacity to 

inhibit LPS-induced pro-inflammatory TNF in 

differentiated keratinocytes and macrophages. 

PLA-PEG is FDA approved, immunologically 

inert and biocompatible, and PLA-PEG-IL-10 

can be integrated in a matrix of a 3D human skin 

reconstruction model to avoid immune rejection. 

Our current development of 3D skin reconstructs 

consist of a "dermis" with fibroblasts iPSCs 

embedded in a collagen I matrix, an "epidermis", 

which is comprised of stratified, differentiated 

keratinocytes and a functional basement 

membrane, which separates epidermis from 

dermis. Our 3D human skin model will facilitate 

engineering immune-tolerant skin grafts for 

biomedical applications. 

 

Keywords: 3D bioengineered skin, 

keratinocytes, PLA-PEG, IL-10, TNF, ELISA, 

biodegradable nanopartilces. 

 

Fig. 1: FT-IR profile of encapsulated IL-10 

Figure 2: Figure illustrating differentiated 

keritinocytes in culture and a 3D in vitro 

generated bioengineered skin. Our goal is to 

develop 3D skin infused with biodegradable 

encapsulated IL-10 to aid in skin regeneration 

and to avoid immunological rejection.. 
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Abstract: 
In the last few decades, Molecularly Imprinted 
Polymers (MIPs) emerged as potential substi-
tutes to enzymes/proteins in chemical sensing 
applications. They are polymer based and thus, 
more stable and much cheaper.  
MIP networks contain nano-scaled cavities that 
could bind complimentary analytes during 
chemical sensing. However MIPs are not as 
highly specific as enzymes/proteins, owing to 
the deterioration of many cavities during the 
synthesis stages (Figure 1). Literature usually 
focused on creating binding sites that can bind 
strongly with the template. It has been manifest-
ed that this is not always enough!. 
This research adopted a novel strategy in order 
to induce the formation of nano-scaled cavities 
that not only could bind strongly to a particular 
template, but also resisted deterioration. 
Research methodology started by a theoretical 
computational approach followed by its valida-
tion in the experimental investigations.  
The theoretical approach relied on the creation 
of a library of monomers (MIP building blocks), 
followed by a three-staged screening process 
based on conformational analysis and binding 
energy scores, in order to select the best two 
scoring candidates, which were employed in the 
synthesis of two new MIPs. Finally, The bind-
ing capacities (towards glucose) of the MIPs 
were compared against a control MIP. 
Results showed that the new MIPs had higher 
binding capacities over the control, and the 
characterization methods employed (SEM, 
FTIR, BET) showed clear morphological, func-
tionality, and porosity differences between 
them. 
In conclusion, the adopted strategy was success-
ful in designing MIPs that are more specific and 
economic for the next generation of chemical 
sensors. 

Keywords: MIPs, computational modeling, mo-
lecular dynamics, nano-scaled cavities, binding 
energy, conformational analysis. 

 
Figure 1: The current research investigates the 
implementation of a novel computational strat-
egy, in order to effectively create nano-scaled 
cavities that can resist the detrimental effects 
caused by the different stages of non-covalent 
polymeric imprinting (Self assembly, crosslink-
ing, polymerization, and template removal). 
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Abstract: 
The influences of the geometric configuration of 
all solid-state multilayered MoOx/Ag micro-
supercapacitors on their specific energy and 
specific power have been investigated. The 
equivalent series eesistance were extraced from 
the experimental electrochemical impedance 
spectroscopy (EIS) measurements performed on 
gold current collectors with different 
interdigitated patterns (varying the finger 
interspace, width, length, and number of 
interdigitated fingers shown in Figure 1). The 
results show that the geometric configuration 
plays a key-role on the electrochemical 
performances of the micro-capacitor (Figure 2), 
and that the specific power is enhanced by a 
reduction of the interspace. The multilayered 
MoOx/Ag micro-supercapacitor with an optimal 
geometric configuration was found to exhibit 
higher maximum energy density and maximum 
power density than those obtained for other 
solid-state supercapacitors. At a scan rate of 1 
Vs-1, a volumetric capacitance ~ 45 Fcm-3 is 
obtained for MoOx/Ag multilayer electrodes, 
which is much higher than the bare MoOx 
electrode. The EIS results also confirm that the 
electrical conductivity of MoOx is improved due 
to the incorporation of silver. The multilayered 
MoOx/Ag micro-supercapacitor also shows 
good long-term cycling stability. This 
fabrication process allows the multilayered 
MoOx/Ag micro-supercapacitor to be integrated 
with miniaturized electronic devices, to meet the 
need for microscale energy storage. 
 
Keywords: micro-supercapacitors, MoOx/Ag, 
equivalent series eesistance, electrochemical 
impedance spectroscopy, power density, long-
term cycling stability volumetric capacitance, 
microscale energy storage.  

Figure 1: Schematic drawing of the symmetric 
interdigital micro-supercapacitor and stacked 
multilayers of MoOx and sliver deposited by    
sputtering. 

 
Figure 2: Cyclic voltammetry (CV) curves of 
the planar MoOx/Ag micro-supercapacitors with 
different lengths at scan rate of 200 mVs-1. 
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Thermoelectric Properties of Zinc Antimonide Thin Film
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Abstract: 

The zinc antimonide compound ZnxSby is one of 

the most efficient thermoelectric materials 

known at high temperatures, due to its excep-

tional low thermal conductivity. For this reason, 

it continues to be the focus of active research, 

especially on its glass-like atomic structure. 

However, before practical use in actual sur-

roundings such as near a vehicle manifold, it is 

imperative to analyze the thermal reliability of 

these materials. Herein we present the thermal 

cycling behavior of ZnxSby thin films in nitro-

gen (N2) purged or ambient atmosphere. ZnxSby 

thin films were prepared by co-sputtering, and 

reached a power factor of 1.39 mW m
-1

 K
-2

 at 

321 °C. The high temperature in-situ XRD pat-

terns and TEM results shows that the degrada-

tion in thermoelectric performance of ZnxSby 

thin film with increasing number of thermal cy-

cling comes from structural, morphological and 

compositional changes. In particular, the fluidi-

ty of Zn atoms in ZnxSby thin film matrix during 

the thermal cycling give rise to morphological 

and compositional changes, such as nano inclu-

sions or voids, which leads to degradation of the 

thermoelectric performance over thermal cy-

cling. Moreover, these changes are more devel-

oped under atmospheric measurement condition, 

which generate thermally decomposed Zn or 

other impurity phase. For instance, the ZnO 

coating layer, which comes from oxidation of 

thermally decomposed Zn from the ZnxSby thin 

film, keep the thermoelectric performance for a 

while by blocking the Zn evaporation from the 

ZnxSby thin film. However, ZnxSby thin film 

eventually was broken by growth of Zn fiber to 

relive the thermal stress, which followed by Zn 

agglomeration with further atmospheric thermal 

cycling. These results provide insight for the 

needs for the proper encapsulation of the ZnxSby 

surface that does not degrade thermoelectric 

performance with repeated thermal cycling. 

Keywords: zinc antimonide, thermoelectric thin 

film, thermal cycle, thermoelectric properties 

and measurement, RF magnetron co-sputtering. 

Figure 1: XRD patterns of sample deposited on 

the substrate at (a) room temperature (type A, 

gray line, Zn + amorphous Zn4Sb3 (a-Zn4Sb3)), 

and 100 °C (type B, light gray line, Zn + 

Zn4Sb3). The blue and red lines indicate the 

XRD patterns of type A and B samples, respec-

tively, after annealing. (b) Cross sectional 

FESEM images of type A (left) and B (right) 

samples. Thermoelectric properties of ZnxSby 

thin film samples as a function of temperature: 

(c) resistivity (), (d) Seebeck coefficient (),

and (e) Power factor (P.F.) data.
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Abstract: 

There is an increasing demand for continuous 

monitoring of  substances released in the 

environment. With today’s portable accurate 

microelectronics and modern electrochemical 

detection methods, electrochemical measurements 

are the ideal candidate for contaminant detection. 

In order for the electrochemical techniques to be 

applicable in field settings, the targeted 

compound needs to initially  be tested under 

controlled conditions and the different 

measurement parameters for the targeted element 

have to be found and optimized. In this work, the 

focus is to detect several pesticide compounds 

that have been reported to be present in the 

environment and develop a measuring protocol 

for each one separately. Currently, the focus is to 

detect Glyphosate by using voltammetric 

techniques. Different materials and geometries of 

screen printed electrodes were tested with 

voltammetric techniques to select the most 

suitable electrode and method to proceed with. 

The targeted detection limit is 0.1µgL-1. Initial 

testing results showed that water samples 

containing the same concentration (50mgL-1) of 

Glyphosate and tested on different electrodes will 

give different results, figure 1. The influence of 

the different electrode materials and design on the 

obtained signal is investigated. An initial 

estimate for the reduction peak of  Glyphosate 

was made at around -0.65V when using carbon 

nanotube elecrodes modified with gold 

nanoparticles.  There are although interfering 

signals from other compounds which need to be 

identified. In addition, eletrode surface 

modification is being investigated. All of these 

factors will allow resolving the challenge of 

using electrochemistry in real life applications. In 

addition, this study will allow combining the 

optimal sensors with the right devices to provide 

continuous measurements of the targeted 

pesticide concentrations in the environment.  

Keywords: electrochemical sensing, screen 

printed electrodes, voltammetric measurements, 

pesiticide, continuous measurement. 

 

Figure 1: Illustration figure showing the 

different signals obtained when having same 

water sample, containing the same concentration, 

50mgL-1, of Glyphosate, tested on different 

electrodes. 
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Abstract: 
In this study, cellulose acetate (CA) (Mw = 
52,000 Da) membranes containing different 
amounts of graphene oxide (GO) were prepared 
by phase inversion (PI). Acetone was used as a 
solvent and N, N- dimethylformamide as a non-
solvent, with a ratio of 4: 1, and deionized water 
as the coagulation medium. The membranes 
were prepared using a mixture of 19 wt.% CA 
with 0.025 to 0.1 wt.% GO. The effect of GO on 
membrane morphology was investigated by 
scanning electron microscopy (SEM), Fourier 
Transform Infrared spectrophotometer (FTIR) , 
Brunauer-Emmett-Teller surface analysis (BET) 
and contact angle measurements. Salt rejection 
and permeation rates were tested using a 2000 
ppm NaCl solution and 5000 ppm MgSO4 solu-
tion at a pressure of 24 bars using a dead-end 
filtration cell. 
SEM cross sectional images showed proper dis-
persion of GO sheets in the polymeric matrix 
which implies the formation of strong hydrogen 
bonds between CA and GO sheets [1]. An in-
crease in porosity of CA/GO membranes in 
comparison with the CA membrane was also 
noticed. In addition, finger-like macropores 
were formed indicating the instantaneous sol-
vent-non-solvent exchange as a result of the hy-
drophilic nature of GO added (Figure 1). How-
ever, on increasing GO content to 0.1 wt. %, 
delayed demixing happened. It was found that 
permeation rates increased with increasing GO. 
This increase in GO increased the number of 
hydrophilic sites in the membranes which at-
tracted water molecules and facilitated their 
movement through the membrane. As for salt 
rejection, the membrane with 0.05 wt.% GO 
showed the highest salt rejection value of 74% 
and 81% for 2000 ppm NaCl and 5000 ppm 
MgSO4 solutions respectively. This was ex-
plained by the decrease of the porosity at the 
membranes skin layer as a result of the addition 
of GO.[2] 
 
Keywords: Cellulose acetate, graphene oxide, 
reverse osmosis,  nanofiltration, water desalina-
tion. 

  

  
Figure 1: (a) 0 wt. %GO, (b) 0.025 wt. % GO,    
(c) 0.05 wt. %GO, (d) 0.1 wt. %GO 
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Abstract: 
This paper describes the modeling and control 
system of a variable speed wind turbine using 
Permanent Magnet Synchronous Generator 
(PMSG) associated to a Pulse Width Modula-
tion (PWM) rectifier supplied a standalone load. 
The wind turbine is used to drive the PMSG in 
order to feed the isolated load. Our objectives 
are, maximizing the captured power in Wind 
energy conversation system (WECS) and con-
trolling the delivered power to the load, for that, 
we applied a control strategy that allows sinus-
oidal current absorption to maximum the power 
from one hand, on the other hand, it ensures a 
good controlled electrical power according to 
different load requirements, all these are 
achieved by using only one converter, which 
reduce the cost and the system volume. Mathe-
matical relations were studied and detailed. The 
dynamic performances are analyzed using simu-
lation results under Matlab/Simulink then real-
ized in real time using dSPACE 1104, the simu-
lation results and realized results have shown 
that the proposed methodology is an efficient 
solution for different isolated load in the wind 
energy conversion system. 

Keywords: protein Permanent-magnet synchro-
nous generator (PMSG), Pulse width modula-
tion (PWM), Wind energy conversation system 
(WECS). 

 
Figure 1: Global scheme of the WECS 
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Abstract: 
Plasmonic cavities and nanoantennas have been 
reported as interesting tools to modify the pho-
tonic environment of emitters integrated in the 
vicinity of coupled plasmonic modes [1].  
In these studies, we have investigated the gap-
dependent resonances of plasmonic nanoanten-
nas consisting of colloidally synthesized metal-
lic nanoparticles deposited on a gold film sepa-
rated by an insulating layer deposited via atomi-
cal layer deposition (see Figure 1). The thick-
ness of the spacer was varied accurately be-
tween 0.6 nm and several nanometers. In such a 
way, we were able to study the optical proper-
ties of these ultrathin vertical plasmonic gap 
nanoantennas and to understand how to tune the 
related parameters for application in light-
emitting devices. 

Keywords: nanoantennas, plasmonics, Purcell 
effect, fluorescence enhancement. 

 

 
Figure 1: Schematic configuration of silver 
nanocubes placed on a gold film separated by 
an ultrathin insulating layer of controlled thick-
ness.  
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Abstract: 
We present fabrication of a device which is ca-
pable to store four bit of information inside a 
single magnetic disk. The information inside of 
the disk is stored in a form of a magnetic vortex. 
Magnetic vortices are characterized by the sense 
of in-plane magnetization circulation and by the 
polarity of the vortex core, which leads to four 
possible stable configurations (vortex states). 
The device consist of a waveguide with permal-
loy disk on it and two electrodes connected to 
the disk. The waveguide serves for resonant vor-
tex excitation and information writing via gen-
eration of magnetic field pulses, whereas the 
electrical contacts are used for readout of the 
vortex state via anisotropic magnetoresistance 
effect. Here we fabricate an array of permalloy 
disks with diameter ranging from 800nm - 4um 
and thickness of 35 – 50nm on 100nm thick 
gold waveguide and then contacting the disks by 
gold electrodes. The gold waveguide was fabri-
cated on Silicon substrate with an insulating 
layer of silicon dioxide of 280nm by direct writ-
ing laser lithography using negative tone optical 
resist. The gold was then etched by ion beam 
etching technique. An insulating layer of silicon 
dioxide of 45nm was deposited on waveguide to 
make an insulation between waveguide and 
disks. Followed by sputtering of permalloy layer 
(Ni80Fe20) and negative e-beam lithography of 
disks as shown in figure 1(a). The disks were 
then etched by ion beam etching technique and 
contacted with gold electrodes by positive e-
beam lithography as shown in figure 1(b). 
  
Keywords: fabrication, waveguide, contacting 
electrodes, magnetic vortex, anisotropic magne-
tresistance, magnetic transmission x-ray  mi-
croscopy, lithography, sputtering, etching 
 
 
 
 
 
 
 

  
Figure 1 (a) : It shows the scanning electron 
microscope(SEM) image of permalloy disks on 
gold waveguide. Figure 1 (b) shows the SEM 
image of complete fabrication steps. It has gold 
waveguide with permalloy disks and  contacting 
electrodes on disks. 

References: 

1. Uhlíř, V., Urbánek, M., Hladík, L., Spousta, 
J., Im, M.-Y., Fischer, P., Eibagi, N., Kan, 
J.J., Fullerton, E.E., and Sikola, T. Dynamic 
switching of the spin circulation in tapered 
magnetic nanodisks, Nat. Nanotechnol., 
vol. 8, no. 5, pp. 341–346, May 2013. 
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with different morphologies 
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Abstract: 
Metal sulfides have been applied to pseudo-
cpacitors owing to their great electrochemi-
cal performance like high reversible capaci-
ty and high energy densities. However, 
some inevitable deficiencies such as the 
lower electronic conductivities, the volume 
change effect during redox reactions always 
lead to the poor cyceability and poor rate 
performances. To overcome these shortages, 
we use carbon dots (CDs) to adjust the mor-
phology of nanostructured NiCo2S4  during 
growth. Carbon dots, as a new class of 0D 
carbon nanomaterials have attracted vast 
atentions dut to their unique properties in 
both physics and chemistry. NiCo2S4@CDs 
composite nanomaterials with optimal mor-
phologies can increase the surface area and 
conductivity comparing the bare NiCo2S4. 
Meanwhile, CDs integrated NiCo2S4 pro-
vides excellent interface for the interactions 
between electrolytes and electrodes. As the 
NiCo2S4@CDs composite has such perfect 
chemical performance,which can be used as 
the active materials for high performance 
supercapacitors. Fig. 1 shows our recent re-
sults, where a cheap, facile, and efficient 
way was used to fabricate NiCo2S4@CDs 
with different morphologies, the application 
of the material for surcapacitors is also un-
der working.  

Keywords: carbon dots, NiCo2S4, pseudo-
cpacitors, morphologies, nanostructure 

 
Figure 1: SEM images of the NiCo2S4@CDs  
with different amounts of CDs resulting in dif-
ferent morphologies. 
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Abstract: 
Nowadays, water is the most important concern 
of this century, it is our common future and is 
important to preserve and guarantee this natural 
precious capital. However, the supply of good 
quality water becoming increasingly difficult in 
view of large scale pollution caused by agricul-
tural, domestic and industrial activities. Many 
technologies including coagulation, membrane 
process, dialysis, foam flotation, osmosis, pho-
tocatalytic degradation and biological methods 
have been employed for the removal of toxic 
pollutants from water and wastewater. These 
technologies are effective but have some disad-
vantages such as expensive equipment, high 
operational and maintenance, high energy re-
quirements, generation of toxic residual metal 
sludge and incomplete metal removal. On the 
other hand adsorption offers high efficiency, 
cost-effectiveness, easy handling and recovery 
of metals and other adsorbed species. Heavy 
metals are often found in wastewaters and the 
removal of these inorganic pollutants using bi-
metallic iron-based nanoparticles is still unclear. 
In this study, bimetallic iron-silver nanoparticles 
was chemically synthesized and impregnated 
into chitosan to form chitosan bimetallic iron-
silver nanoparticles (CS/Fe-AgNPs) to remove 
heavy metals from wastewaters. The above 
CS/Fe-AgNPs beads were characterized using 
XRD, HRSEM, HRTEM, UV-VIS and FT-IR 
techniques. The HRTEM results shows that 
Fe/AgNPs and CS polymers are both spherical 
in shape with both Fe/AgNPs and CS polymers 
aligned on top of each other. The CS-Fe/AgNPs 
beads have a diameter of 5-10 nm. In the XRD 
pattern of chitosan/iron-silver nanocomposite, 
the presence of chitosan as well as bimetallic 
iron-silver peaks was observed. The values ob-
tained for CS-Fe/AgNPs nanocomposite agreed 
well with the individual values obtained for both 
chitosan and Fe/AgNPs. In this study, chitosan 
iron-silver nanoparticles beads have been suc-
cessfully prepared and it’s efficiency in the re-
moval of Cd(II) under ambient temperatures has 

been evaluated. The removal rate of total Cd(II) 
from actual wastewater was 89.25%. Further-
more, the monolayer adsorption capacity of 
Cd(II) based on the Langmuir model was meas-
ured to be 90 mg/g. Results were satisfactory 
when employing the adsorbent for removal of 
Cd(II) from wastewater samples. 

Keywords: Adsorption, Bioavailability, Moni-
toring, Wastewater. 
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Environmental Remediation of water by novel CeO2 nanoparticle 
photoelectrocatalysts. 
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Abstract: 
CeO2 nanoparticles were synthesized by a novel 
simple colloidal procedure. The impact of dif-
ferent factors like temperature and reactants 
concentration were varied experimentally, and 
optimized for CeO2 nanoparticle synthesis. The-
se nanoparticles were characterized by different 
techniques as UV-vis spectrometer, Raman, 
EDS, XRD, DLS and SEM to obtain infor-
mation about absorption spectrum, elemental 
analysis, mean crystallite size, size distribution 
and morphology of nanoparticles. The data ob-
tained by these analyses indicated that the col-
loidal method produces nanoparticles with a size 
range of 2-8nm. 
Degradation of pollutants in wastewaters by 
photocatalysis is well known. In addition to this 
project the nanoparticles were utilized for pho-
tocatalytic degradation behavior of the anti-
inflammatory Sodium Diclofenac and the dye 
methyl orange in aqueous solution. CeO2 in both 
colloidal and powder forms were utilized as the 
catalyst under an irradiance of a solar si mulator, 
which has given successful results. By utilizing 
this photocatalytic process in a Photo Fuel Cell 
(PFC) device, their rate of destruction may be 
greatly enhanced, at the same time producing 
useful electrical energy. This novel nanocrystal-
line visible-light active cerium oxide (ceria) 
photocatalysts will be incorporated onto a range 
of conductive surfaces for use as photoanodes in 
PFCs. 
Their behavior in a PFC device will be assessed 
using selected wastewater pollutants and bio-
mass-sourced compounds. A range of environ-
mental conditions will be explored such as 
fuel/pollutant concentration level, electrolyte 
composition and pH variation, in order to de-
termine the best performing cata-
lyst/support/environment combination. A transi-
tion metal oxide-based air cathode will also be 
used (replacing expensive platinum) in conjunc-
tion with a modified PFC design, thus character-
istics and mechanistic insights will be ascer-
tained as a result. Direct comparison will be 
made with PFCs using a standard nanoparticu-
late TiO2 photocatalyst. 

Keywords: cerium dioxide, photocatalysis, 
wastewaters, PFC device, organic pollutants.  

 

Figure 1: %Degradation of 10ppm, 30ppm and 
40ppm sodium diclofenac over time under 
20min UV irradiation. 

References: 

1. A Garcia, R Espinosa, L Delgado, E Casals, 
E Gonzalez, V Puntes, C Barata, X Font, A 
Sanchez, Desalination, 269, 136 (2009) 
  

2. P Enright, A J Betts, J F Cassidy, Journal of 
Applied Electrochemistry, 41, 345 (2011).  

3. S K Mudili, S Wang, S Chen, C F Ng, C H 
A Huan, T C Sum, H S Soo, Beilstein Jour-
nal of Nanotechnology, 5, 517 (2014). 



 

 

Experimental Investigations on the Physical Properties of Tin 
Doped Indium Oxide Thin Films   
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Abstract: 
Multi-layered tin indium doped oxide (ITO) 
films were deposited onto glass substrates by 
sol-gel spin coating process. The number of 
deposited layers was optimized in order to de-
crease the reflectance and to improve the opti-
cal transmittance in the visible range. Films 
properties were analysed with X-ray diffrac-
tion, optical and electrical measurements were 
also performed.  A systematic investigation on 
the physical properties of ITO films was re-
ported with respect to the number of deposited 
layers. Structural characterisation showed that 
obtained films are crystallized in cubic phases 
with 9–10 nm crystallite size and the deter-
mined lattice constant is nearly 10,1 Å, with 
orientation along the (222),(400), and(110) 
planes for all deposited films indicating stable 
cubic phase as reported in [1, 2].  
Optical analysis of ITO showed high transpar-
ency and low reflectance in the visible range. 
The energy band gap of the multi-layered films 
as determined from absorption spectrum was ~ 
3.7eV. The Drude-Lorentz classical model has 
been also used to fit the optical reflectance and 
transmittance.   
Electrical measurements showed a clear de-
pendence between sheet resistance and the de-
posited layers, the sheet resistance decreased 
from 114.5 MW to 4.35 MW for respectively 1 
and 5 deposited layers. 

Keywords: ITO, solar cells, sol-gel process, 
structural, electrical and optical properties. 
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