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Quantum simulators in hybrid nanocircuits 
'
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An In vivo Study On Cobalt Ferrite Nanoparticles As 
Multi-Modal Cancer Therapy Combining Intrinsic 
Toxicity and Hyperthermia 
'
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*9846-698=' *9JS.5)4' -9' =-.84.54' ,W"@=' 9G' =6J6/.5'
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GaAs-AlGaAs nanowire quantum well tubes: self-
assembly and nano-scale spectroscopic imaging  
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Atomistic  far -field currents in graphene  –  
how to include DFT-precision regions  
in large- scale tight -binding   
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Graphene has proven to host outstanding 
mesoscopic effects involving massless Dirac 
�‹�µ���•�]�‰���Œ�š�]���o���•���š�Œ���À���o�o�]�v�P�������o�o�]�•�š�]�����o�o�Ç���}�À���Œ���•���À���Œ���o���…�u 
[1]. Atomistic large-scale simulations of the current 
distribution far from the injection source (“far-field 
currents”) in graphene are accessed via the tight-
���]�v���]�v�P�� �~�d���•�� �u�}�����o�� �(�}�Œ�� �‹-orbitals, where specific 
parametrizations can be used to include a wide 
variety of effects such as p-n junctions, magnetic 
fields or absorptive apertures [2,3,4]. These simple 
empirical models, however, cannot capture the 
chemical details of the injection region and/or 
defects, which are of highest importance due to 
localized effects such as e.g. charging effects and 
deformations. 
Here we present an atomistic multi-scale method 
to include regions treated with Density Functional 
Theory (DFT) into large-scale parametrized TB 
models within the context of non-equilibrium 
Green’s function (NEGF) transport calculations. We 
will show how the far-field currents look by 
injecting electrons from DFT-precision STM tips in 
atomic contact with graphene-based devices and 
highlight how the symmetry of the states at the 
point contact are reflected in the far-field. We will 
also provide an overview of the used computational 
methods, based on the TranSiesta, TBtrans and sisl 
toolboxes [5,6], whose combination allows for 
extreme scale NEGF transport calculations. 
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Figures 
 

 
 
Figure 1. DFT-precision region with STM tip in atomic 
contact with graphene, embedded into a larger TB 
pristine graphene region. The six-fold symmetry of the 
transmission eigenchannel (top) is reflected in the near- 
and far-field currents observed in DFT (center) and in the 
larger TB (bottom). 
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Evidence for Strong Coupling Phenomena in 
Molecular Plasmonic Switches: a Density 
Functional Theory Study  
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Using scanning probe techniques we investigated how graphene (gr) electronically interacts with 
substrates in the presence of metallic islands on top of the gr layer. In the case of rhodium (Rh) as 
a substrate, the band structure is significantly altered with respect to freestanding graphene due 
to the hybridization of the Rh d orbital with the pz orbital of gr [1].  

Using scanning tunneling spectroscopy (STS) the electronic properties of Au Islands on top of gr 
were investigated. The islands were deposited by in-situ evaporation. Subsequently their relative 
orientation with respect to the gr lattice was analyzed by scanning tunneling microscopy (STM) in 
as shown in Figure 1. The STS measurements on and in the vicinity of the islands show locally 
varying electronic properties of the Au/gr/Rh(111) system. One related phenomenon is an 
increase in conductivity at the boundary of the islands, compared to the conductivities at the 
center and also to that of gr. Measurements show that this increase in conductivity is restricted to 
that area of the islands which directly adjoins to the gr. An Rother phenomenon consits in 
conductance steps at the center of the gold islands observed at room temperature. 
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Figures 

   

Figure 1. STM image of four Au islands on graphene/Rh(111). The graphene on Rh(111) forms a regular 
MoirŽ pattern that is clearly visible. Sample bias U = 0.1 V, tunneling setpoint I T = 0.1 nA. 
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Abstract 
In recent years, the applications of nanotechnologies have made it possible to design smart nanosystems 
able to respond with physical-morphological modifications to the environmental characteristics typical of 
tumor tissues.1 In this work, we propose and demonstrate the synthesis of bioinspired polydopamine-
functionalized superparamagnetic clusters (MNC@PDO) to be applied as a magnetic field-guided theranostic 
system. This nanocomposite combines the capabilities of highly sensitive magnetic resonance imaging (MRI) 
and the delivery of cisplatin for cancer therapy. In this scenario, the first synthetic step is based on an oil-
phase evaporation-induced self-assembly strategy, to fabricate the magnetic nanocrystal cluster (MNC). We 
demonstrated that the choice of the best size and volume of SPIONs, the adopted solvent and the surfactant 
concentration are very important parameters. With this approach, we can produce nanoclusters with a high 
density of magnetic cores, a size comprised between 90 and 100 nm, and a multilayer structure. Secondly, 
the surface of the MNCs was functionalized with polydopamine (PDO) for improving their stability;2 
moreover, different concentrations of dopamine were assayed to determine the best compromise between 
stability of the clusters and loading capacity. Finally, the cisplatin was grafted to the surface of stable 
MNC@PDO systems (MNC@PDO-cisplatin), studying its release efficiency from these nanoparticles. The 
MNC@PDO systems reveal to be promising models for the uptake and specific tissue delivery of 
chemotherapeutic drugs. Furthermore, the MNC@PDO nanosytem shows a pH-responsive behaviour of 
great significance in controlled drug delivery and targeting of specific sites. The antitumor potential of 
MNC@PDO-cisplatin was tested against HeLa (cisplatin-sensitive human cervical cancer cells) and MCF-7 
(cisplatin-resistant human breast cancer cells). As expected, the drug carrier significantly improves the 
cellular uptake of platinum drugs. The cytotoxicity of the drug-loaded system is higher, or at least 
comparable, than cisplatin administration. 

 

 

 

 

 

 

Fig. 1 Illustration of the synthesis procedures and magnetic field�tdirected theranostic applications of the theranostic 
MNC@PDO system. 
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Prosthetic vascular grafts are widely used to bypass 
diseased vessels. However, prosthetic failure can 
occur without premonitory symptoms; thus 
continuously monitoring the system can provide 
useful information not only to extend graft life but 
even for optimization of patient therapy. In this 
respect, various techniques have been used but all 
of them affect the mechanical properties of 
artificial vessel because of their dimensions, 
extreme stiffness, and the need to be in contact 
with the blood stream[1,2].  To overcome these 
drawbacks, a smart microsystem based on flexible 
Aluminium Nitride (AlN) piezoelectric sensor 
integrated on the extraluminal surface of prosthesis 
has been proposed.  
The sensor is developed by implementing the 
piezoelectric stack, composed by highly c-axes 
oriented AlN film (1µm) embedded between two 
molybdenum electrodes, on polyimide structural 
layer [3]. An insulating film of  polyimide is then 
deposited to prevent short-circuits. Finally, a thin 
layer of PDMS is added to further increase the 
overall flexibility of the system, glued on the graft 
using an appropriate adhesive layer (Figure. 1).. The 
total thickness of ~20µm preserves the young 
modulus of the graft. Moreover the intrinsic 
biocompatibility and non-toxicity of the AlN, 
together with low fabrication cost make the system 
well suited to be implanted in human body. The 
system response has been preliminarily tested by 
varying the piezoelectric active area of sensors 
placed on a PDMS membrane and then on a graft, 
both applying a pressure between 5kPa and 50kPa 
[4] to match the blood pressure range of blood. The 
observed output voltage generated by each sensor  
showed a linear trend (Figure. 2) in the operating 
range. These preliminary experimental results 
demonstrated that the device is able to monitor 
prosthetic function under different conditions, 
opening new perspective for vascular graft 
surveillance and even for  monitoring critical blood 
vessel.  
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Figures 

  

 
Figure 1. a) Device structure scheme. In the inset a SEM 
image cross-section of the AlN thin film. b) Piezoelectric 
flow sensors integrated on the extraluminal surface of a 
PTFE vascular graft. In the inset an image of the sensor 
(m-size).  
 

 
Figure 2. a) Output voltage of piezoelectric sensors with 
different active area at different pressure conditions on 
PDMS membrane. b) Output voltage of piezoelectric 
sensor at different pressure conditions on vascular graft. 

 

 

b) 

b) 

a) 

a) 
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As the demand for nano scaled devices is 

increasing, Two dimensional (2D) materials have 
been theoretically and experimentally investigated 
in the last few decades. Among 2D materials, 
TMD(Transition Metal Dichalcogenide) materials 
which have layered structure shows extensively 
magnetic, electrical, and mechanical properties [1]. 
Especially, hydrogenation of MoS2 by high 
temperature and MoS2 irradiated by proton shows 
unexpected ferromagnetic behavior which would 
lead to new spintronics devices [2]. 
In this works, we fabricate locally hydrogenated or 

oxidized MoS2 using AFM lithography and confirm 
specific magnetic properties. Through Raman 
measurement, we identify that the pure MoS2 
surface modify hydrogenated or oxidized one under 
different lithographic condition. Also, Magnetic 
Force Microscopy (MFM) measurement support 
that hydrogenated or oxidized MoS2 using AFM 
lithography shows novel magnetic properties 
comparing with pristine MoS2. This result may 
attribute to the H or O atoms deposited on MoS2 
defect by AFM lithography. 
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Figure 1. (a) Schematic image of AFM lithography method 
and (b) AFM image of hydrogenated or oxidized MoS2 

using AFM lithography  

 

 
 
Figure 2. MFM image of hydrogenated MoS2 applied 1T or 
-1T 
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Native oxide film on stainless steel (SS) gives a high 
resistant to degradation by oxidation or by corrosion 
processes, which is attributed to the formation of 
the surface chromium oxide film. This chemical 
stability allows the use of SS in environments where 
is critical to avoid undesired reactions. A particular 
use is as a substrate for carbon nanotubes (CNTs) 
forests. Hence, it is possible to manufacture 
electrodes for batteries or supercapacitors that are 
in contact with liquid electrolytes, which are 
extremely corrosive environments for other 
conductive materials like cooper. Several works use 
the native oxide films as part of the diffusion barrier 
system to obtain CNTs. However, this film has two 
drawbacks: low electrical conductivity and shielding 
of the catalytic activity of metal (iron) nanoparticles. 
Here, we present our results about the chemical 
reduction of the native oxide film on SS 304 using 
hydrogen/argon plasma. Through this process, it is 
possible to keep the original surface properties such 
as electrical and thermal conductivity as well as 
catalytic activity. The samples were heated up to the 
annealing temperature (AT) in a hydrogen 
atmosphere. After reaching the AT, the argon gas 
was introduced. During three minutes the samples 
were exposed to a RF hydrogen/argon plasma. The 
growth process of CNTs was carried out directly, 
without the need of a diffusion barrier and using the 
alloy elements of SS (Fe, Ni) as catalysts. To evaluate 
the catalytic activity of the substrate, two processes 
were used: plasma enhanced chemical vapor 
deposition (PECVD) and water assisted chemical 
vapor deposition (WACVD). By this method, a 
uniform forest of CNTs were obtained on 9 cm2 

samples at 730°C.  The optical emission 
spectroscopy (OES) spectra, obtained during the 
reduction time, shows the gradual decrease in 
intensity of the peaks generated by the interaction 
between the hydrogen and the oxygen atoms. In 
addition, scanning electron microscope (SEM) 
images show the morphology of the CNTs. With 

PECVD, the CNTs are short and present a uniform 
distribution and orientation. But, with WACVD the 
CNTs are longer, present a uniform distribution and 
random orientation. In both cases, the density of the 
CNTs is lower than that of the samples produced in 
our laboratory on silicon wafers. Finally, using 
Raman spectroscopy, the quality of CNTs was 
evaluated. With PECVD, there is a presence of 
amorphous carbon. The G-band and the D-band 
peaks are not well defined, and �š�Z���� �'�[-band peak 
does not appear. Whereas for the samples obtained 
by WACVD the G-band, D-�����v���� ���v���� �'�[-band peaks 
are sharper, which indicates that with WACVD the 
amorphous carbon was removed. 
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Figure 1. Raman spectra for directly growth of CNTs at 

730 °C on stainless steel 304 by PECVD and WACVD. 
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Single-molecule fluorescence1 has been successfully 
applied to many fields in biomedicines, including 
DNA sequencing,2,3 diagnostics, and molecular 
biology. One of the most used platforms for single 
molecule sequencing is based on zero-mode 
waveguides (ZMWs). A ZMW reduces the detection 
volume by 3 to 6 orders of magnitude, with respect 
to a standard confocal microscope, allowing for 
single-molecule detection. Nevertheless, in ZMW 
the emitted fluorescence is not enhanced. In 
contrast, optical nanoantennas fabricated on Ag or 
Au films are known to provide field and 
fluorescence enhancement (FE), thanks to 
plasmonic effects.  
Inspired by the theoretical work by Zhao and co-
workers4, we have fabricated a bilayer, Au-Al 
plasmonic rectangular nanoslot (Fig. 1a,b) that 
provides the tiny detection volume of a ZMW, but 
with a 20 fold fluorescence enhancement5. These 
features allowed us to perfom single-molecule 
fluorescence detection. 
Here we report on the performed simulations, on 
the encountered fabrication challenges, and on the 
gathered experimental fluorescence correlation 
spectra measurements. 
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Figures 
 

 
 

Figure 1. SEM images of the fabricated structures. (a) 
Schematic illustration of the Au-Al nanoslots; Inset: SEM 
micrograph of a fabricated nanoslot; (b) Au-Al nanoslot, 
cross section. A 101 nm gold layer and a 48 nm 
aluminum layer are visible. A platinum layer is visible on 
top, deposited to improve the cross section cut.  
 

 
Figure 2. Top: ketch of a section of the ideal (a) and 
fabricated (b) rectangular Au-Al nanoslot. Bottom: near-
field distributions of the ideal (a) and fabricated (b) Au-Al 
nanoslot at the experimental excitation wavelength (676 
nm). The section planes of the rectangular antennas are 
parallel to the short axis.  
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Two-photon polymerization (2PP) is a promising 
technique for fabricating 3D nano-structures 
without any further processing [1-3]. In case of 
nano-sensors or actuators, different materials are 
needed to combine and apply nano-structures on 
supports. This is normally done by challenging steps 
such as separate lithography and pattern transfer 
techniques. For instance, recently, a Subtractive 
Photoresist Platform for Micro- and Macroscopic 
3D Printed Structures has been developed 
exploiting different chemical properties of 
photoresists and multiple exposure steps [5]. Here 
we report about the exploitation of 2PP for building 
a sacrificial nano-stencil mask together with the 3D 
support structure for nano-sensors or actuators in 
one single exposure and development process. This 
mask was used for generating shadows of different 
materials by vapor deposition through the stencil. 
We first spin coated a 20µm thick layer of SU8 for 
defining the anchoring zones for the permanent 
and temporal structures resp. After pre-exposure 
baking and short UV flashing, for conditioning the 
SU8 top surface, we deposited a droplet of IPL 
resist [4]. In one single 2PP lithography step, we 
first exposed the anchoring areas in the SU8 layer, 
and then the 3D structures on top of them, while 
the stencil mask was exposed in the volume on top 
of unexposed SU8 areas. For the current 
demonstrator experiments, the stencil mask was a 
plain slit, placed on top of a 50µm high, hollow 
tower and the 3D structure a plain square pedestal. 
After the development of the IPL in IPA (which does 
not develop SU8), Cr was evaporated (Fig. 1 and 2). 
Then, the stencil mask was lift -off by developing 
the unexposed SU8.  
Figure 3 shows the metal-shadow deposited on the 
pedestal.  The location of this deposit could be 
shifted by tilting the axis of the tower relative to 
the line-of-sight with the evaporation source. The 
red dashed line indicates the normal projection of 
the stencil. A shift of 3.1 µm (center to center) was 
measured due to the parallaxes between the 
position of the sample and the Cr source. The 
combination of sacrificial polymer structures with 

permanent ones opens new possibilities in 3D 
MEMS design.  
This technique allows incorporating electronic 
sensors and switches e.g. piezoresistive or metal-
insulator-metal thin film diode elements. Improving 
the mechanical stability of the stencil and 
decreasing the divergence of the evaporation beam 
will further increase the definition of the structures 
demonstrated in this paper. 
References 
[1] M.Thiel  et al Appl. Phys. Lett. 97, 221102 (2010) 
[2] C. Accoto et al, Jour. MEMS, 24, 1038 (2014)  
[3] E.D. Lemma et al, Adv. Healthcare Mater. 6, 

1700888 (2017) 
[4] Nanoscribe GmbH; www.nanoscribe.de 
[5] M. Zieger et al. Adv. Funct. Mater. 2018, 

1801405, doi.org/10.1002/adfm.201801405 
 Figures 

  
Figure 1. SEM image of the 3D structure with sacrificial 
stencil mask after the metallization with Cr. The length
was 40µm and the width w 3µm. The yellow dashed line 
reproduces the outline of the stencil. 

Figure 2.  SEM image of a 
stencil mask opened by 
Focused Ion Beam milling. 
It is possible to see the 
metal structure (yellow 
dashed line) which has a 
width of ws = 3.4µm. 

 
Figure 3. Optical image of 
the metal structure after 
lift -off of the stencil mask.  
The structure (continuous 
line) has a length   of 
35.4µm, a width of 3.7µm. 
It is shifted by 3.1µm 
relative to the normal 
projection of the stencil. 
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Abstract  
Sweat pH is one of most important parameter 
commonly utilized, for example, to describe 
hydration status of athletes [1]. Currently wearable 
device present in literature are based on 
colorimetric and electrochemical sensors [1, 2]. In 
this work we present a flexible gravimetric device 
for sweat pH monitoring as new kind of wearable 
device. Here, we show the integration of pH 
responsive (CEA/PEGDA 10kDa) hydrogel 
photopatternated onto free standing AlN 
membranes [3]. The lithography process is 
sketched in figure 1: pre-polymer solution, 
consisting of CEA/PEG-DA 10kDa and Irgacure®819, 
was spun onto AlN membranes with silane pre-
treated surface, and proximity photolithography 
was performed by mask aligner (SussMicrotecTM). 
The final device is show in figure 2. The hydrogel 
geometrical variations were studied through 
confocal microscopy acquisition. In particular 
Figure 3a and 3b show shrunk (at pH 3) and swelled 
hydrogel (at pH 8), respectively. Laser Doppler 
Vibrometry (LDV) was utilized to study the free 
standing AlN membrane as a gravimetric flexible 
sensor, in which the mass changes according to the 
hydrogel water absorption condition. The 
frequency sweep was obtained by directly driving 
the piezoelectric transducers. Experimental spectra 
(displacement vs frequency) are reported in figure 
4 for dry (dotted line) and wetted (solid line) 
hydrogel. The frequency shift from 180 kHz to 160 
kHz showed in figure 4 is due to hydrogel weight 
changes before and after water absorption of 
approximately 0.3 nL. Selective swelling at different 
pH conditions of sweat can therefore be measured 
directly as a frequency shift in this frequency range. 
We believe the combination of pH sensitive 
hydrogel and flexible piezoelectric membrane is a 
promising technology for the development of 
wearable, innovative and cheap devices for pH 
sweat monitoring. 

References 
[1] Gao W. et al.,. Nature (2016) 529, 509�t514. 
[2] Koh, et al., Sci Transl Med (2016) 8,. 366ra165. 
[3] Mastronardi V. M. et al., Appl. Phys. Lett. 

(2015) 106, 162901. 
 
Figures 
 

 
 
Figure 1. Hydrogel patterning flow process onto AlN 
membrane. 

 
Figure 2. Top view optical image of the free standing 
membrane surmounted by cylindrical hydrogel. 

 
Figure 3. Side view confocal image of shrunk (a) and 
swelled (b) hydrogel when soaked with pH 3 and 8 
solution, respectively  

 
Figure 4. Resonance frequency shift of the free standing 
membrane due to hydrogel mass changes 
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Zinc oxide is a wide band-gap semiconductor with 
intense applications in optics, electronics, catalysis, 
energy storage devices and environmental 
remediation [1]. However, with band gap of 3.2 eV 
ZnO is activated by UV irradiation. In this regard, 
different efforts have been made to modify the 
absorption band edge towards visible light [2]. 
Combining ZnO with plasmonic metals represents 
one of the most promising methods to decrease the 
band gap and increase visible light absorption [3].  
In this work, we have coupled silver nanoparticles to 
ZnO nanocrystals to synthesize Ag/ZnO hybrid 
nanostructures (HNS) with two different approaches 
[4, 5]. In both methods, wurtzite ZnO nanocrystals 
were synthesized by arc discharge of zinc rods in 
water. Ag/ZnO-chem sample was prepared using 
trisodium citrate to reduce the Ag3+ ions in 0.1 mol L-
1 AgNO3 aqueous solution to Ag and deposit it on the 
surface of the ZnO nanostructures. In Ag/ZnO-PD 
sample instead, UV irradiation was used to reduce 
Ag3+ ions to Ag nanoparticles on the surface of the 
ZnO nanostructures. The fabricated Ag/ZnO HNS 
have different optical and photocatalytic properties. 
Figure 1. a) reports the UV-vis absorption spectra of 
both samples with respect to the bare ZnO 
nanoparticles. The absorption spectrum of the 
Ag/ZnO-chem HNS is extended further to the visible 
spectral range due to the plasmonic resonance of 
the deposited Ag nanoparticles. In the Ag/ZnO-PD 
sample the spectrum did not change remarkably in 
comparison with the pristine ZnO sample, most 
probably due to the small size of the deposited Ag 
clusters. Photocatalytic methylene blue degradation 
mediated by the Ag/ZnO HNS was investigated using 
a Xenon 100 W solar simulator. Figure 1. b) shows 
the photocatalytic activity of the Ag/ZnO-PD sample, 
which degraded the dye after 10 minutes of solar 
irradiation followed by 1 hour stirring in dark. 
Notably, the Ag/ZnO-chem sample completely 

degraded the dye after 30 minutes in dark, i.e. 
without the involvement of radiation. Neither ZnO 
nor Ag nanoparticles could degrade the same dye in 
the absence of light. Currently, we are investigating 
this highly efficient photocatalytic activity of 
Ag/ZnO-chem HNS and the role of the Ag-ZnO 
Schottky barrier formed in hybrid plasmonic oxide 
nanostructure.  
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Figures 

 
 
Figure 1. a) UV-vis absorption spectra and b) Relative dye 
concentration during photocatalytic activity of ZnO and 
Ag/ZnO. 
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Study of the Mechanical Behaviour of Thin Film 
Solid Electrolytes Using Atomic Force Microscopy  
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Abstract  
 
The study, based on a circular economy concept, 
aims to develop a feasible, reliable and secure 
method that can be carried out on an industrial 
scale, by transforming graphite electrodes (waste 
from EDM processes) into new carbon-based 
materials - graphite functionalized or not with 
oxygen, reduced, or even graphene - in order to 
reuse them in another form in final products.  
Various exfoliation techniques were studied: 
electrodes friction, ball milling, cryogenic milling 
and detonation. The materials were characterized 
using different techniques, such as, Raman 
spectroscopy, Transmission Electron Microscopy 
(TEM) and Scanning Electron Microscopy (SEM). 
The obtained raw materials can be used as 
reinforcement additives/reinforcements of 
polymeric materials, improving their physical and 
mechanical properties.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 
 
 

 
 
Figure 1. Multilayer graphene production using ball 
milling technique (TEM analysis).  
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Since its discovery, graphene has attracted a huge 
attention from researchers for its excellent optical 
and electrical properties. There is no doubt that the 
industrialization of graphene will lead to a 
revolution in optics and electronics. However, 
obtaining uniform, single crystalline and large area 
graphene is among required properties for 
graphene to host integrated devices. Among all 
methods of obtaining graphene, chemical vapor 
deposition (CVD) is the most promising method for 
synthesis of graphene with such properties.  
 In general, when graphene is synthesized using cvd, 
a copper foil is usually used. As is well known, the 
copper foil is poly crystal, so when graphene is 
continuously synthesized on it, the grain 
boundaries occur. However, grain boundaries are 
supposed to debase the electrical and mechanical 
properties. Thus, efforts have been made to 
synthesize single-crystal graphene without grain 
boundaries to address these problems. [1-3] 
However, these experiments are difficult to 
implement under normal experimental conditions 
because special material or methods are used. In 
this experiment, we tried to overcome these 
shortcomings by making it easier than the previous 
experiment, and used CVD method to create a 
hexagonal single-crystal graphene island, ranging 
from tens to hundreds of micrometers. We utilize 
optical microscopy, Raman spectroscopy and SEM 
images to study the chemical bonding and surface 
topography status of our synthesized graphene.  
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Figures 
 

 
 
Figure 1. Optical image of a graphene island transferred 
on SiO2 substrate and graphene array on oxidised Cu foil. 
All scale bars are 15
Äm. 
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Three types of surface treatments, namely, 

polyethyleneimine (PEI) coating, short PEI (S-PEI) 

grafting, and long PEI (L-PEI) grafting, were 

performed on polydopamine (Pdop)-based catalysts 

to enhance their catalytic activity and stability. 

Brush-grafted catalysts were prepared by the 

stepwise synthesis of Au and short (or long) PEI 

brushes on Pdop particles (PdopP/Au/S- or L-PEI 

grafting). PEI-coated Pdop-based catalysts 

(PdopP/Au/PEI coating) were also prepared as non-

brush-grafted catalysts. Among the surface-treated 

PdopP/Au catalysts, the brush-grafted catalysts (S-

PEI and L-PEI grafting) exhibited excellent and 

stable catalytic performance because the brush 

grafting enabled the protection of the catalysts 

against harsh conditions, effective transfer of 

reactants to the catalysts, and confinement of 

reactants around the catalysts. The brush-grafted 

catalysts could also more effectively decompose 

larger dyes than the non-brush-grafted catalysts. 

The process-to-effectiveness of PEI coating is the 

best because the release of Pdop from PdopP/Au 

was moderately inhibited by the presence of only 

one layer of PEI coating on the PdopP/Au. Thus, this 

approach could be an alternative method to 

enhance the stability of PdopP/Au catalysts. 
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Figures 
 

 
 
Figure 1. (Upper panel) Schematic illustration of the 
synthesis of three types of surface-treated PdopP/Au 
catalysts, including catalysts (a, b) with and (c) without 
brushes. Brush-grafted catalysts: (a) PdopP/Au/S-PEI 
grafting and (b) PdopP/Au/L-PEI grafting. Non-brush-
grafted catalysts: (c) PdopP/Au/PEI coating. (Lower 
panel) Schematic illustration showing characteristics of 
brush-grafted catalysts. The PEI was selected as a PE 
brush because the PEI can be easily grafted onto the 
surface of PdopP by the grafting-to method using a 
Michael-addition reaction. Among the PEIs, branched PEI 
was used to maximize the content of amine groups of 
the brush chain. 
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Due to inspiration from naturally occurring 
biomineralization, biopolymers and proteins have 
attracted interest in the materials science 
community as scaffolds for templated synthesis of 
inorganic materials [1]. Biomolecule-controlled 
nucleation and growth of inorganic hydrated silica 
(SiO2) regulates, in the marine environment, the 
nanopatterned cell wall architecture of the 
unicellular microalgae diatoms [2]. The ability to in 
vitro precisely template inorganic nanomaterials 
provides an opportunity for the development of 
green nanomaterials. 
In this work, opposite approaches for the synthesis 
of organic/inorganic silica-based nanostructures are 
proposed: (1) A top-down approach aiming at 
extract and isolate SiO2 nanoblocks (NBks) from 
Thalassiosira weissflogii diatom cell walls (Fig 1). 
Thereafter, the quasi-spherical shaped NBks, 
immersed into a fluidic vortex, rearrange 
themselves in intriguing geometrical intermediates, 
from spherical to toroidal, forming super 
assembled units (major axis, 150-300 nm). (2) A 
biomimetic bottom-up approach has been 
developed to synthesize SiO2NPs miming the 
natural processes of silica formation in diatoms 
living organisms (Fig 2). The organic-based scaffold 
is an aqueous solution of spermidine, a polyamine 
presenting chemical common features of diatoms 
silica-nucleating long chain polyamines. The chance 
to in vitro control the 3D self-assembly aptitudes 
and the underlying patterns results in several 
unique SiO2NPs. By slightly varying reaction 
parameter settings, SiO2NP design varies from a 
spherical to a pacman-like shape, exhibiting a 
dense or hollow structure and presenting diverse 
average diameter dimensions in the range between 
250 nm to 600 nm. NP surface chemistry and 
chemical stability permit a selectively 
functionalization for various applications from 
targeting to imaging [3]. Moreover, in the present 
proof of principle studies, SiO2NPs are proposed as 
a platform for oligonucleotide delivery as well as 
gold NPs-decorated assemblies for nanomedicine 

application or integration within optical micro 
devices. 
Looking ahead, the capability to regulate the 
formation and the arrangement of the inorganic 
structures using organic matter principles, is a very 
attractive and sustainable route for the 
development of structurally-complex and 
chemically- and/or bio-active tunable materials. 
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Figures 

 
Figure 1. 
Top-down approach. SiO2NBks isolation from the cell 
walls of the diatom Thalassiosira weissflogii and 
rearrangement in super assembled units.  
The authors thank prof Farinola and collaborators who 
provided diatom samples.  
 
 

 
 
Figure 2. 
Biomimetic approach. Different SiO2NPs obtained by 
varying the one-pot synthesis starting parameters. 
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The incorporation of high-K transition metal oxides 
improves the performance of the semiconductor 
devices which remains challenging due to the 
difficulties of the deposition methods.  

In this work we show that the incorporation of the 
HfOX by laser oxidation (with dielectric constant k 
~15)    into a wide range of van der Waals 
heterostructure (vdWh) devices such as flexible field 
effect transistors based on graphene, MoS2 and 
WSe2, resistive switching random access memories 
(ReRAM) and Light emitting and detecting quantum 
wells based ultra-thin HfOx tunnel barriers leads to 
interesting electronic and optoelectronic properties.  

 
 
 

Figure 2. Thin HfOx barriers for optoelectronic 
applications (a) Illustration of the device architecture. (b) 
El (black) and PL (brown) at Vsd = 2.5 V and Vsd = 0V 
respectively. 
 

 
Figure 1. Heterostructure processing route. (a) The 
heterostructure is fabricated via dry transfer peeling from 
PDMS membrane (left), the area containing HfS2 is 
exposed to laser light (centre) and the HfS2 is converted 
into HfOx (right).(b)Optical image of a 
Graphene/HfS2/MoS2 heterostructure before (top) and 
after (bottom) oxidation. Black outlines the region of the 
graphene back gate, green -outlines the HfO2 and red the 
MoS2. 
 
 
 
 
 
 
 
 
 
 
 

a 

b 

a b 
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Abstract  
Nanoparticle (NP)-based therapeutic systems 
developed in recent years have shown efficient 
delivery of drugs and/or nucleic acids with low 
toxicity and sustained cargo release.  
Recently, more attention has been paid to stimuli 
sensitive delivery systems that are promising 
strategies for active agent release. Many 
techniques have been developed to produce 
systems that could be used for effective 
encapsulation of active agents, as drugs or genes. 
External and internal stimuli, such as temperature, 
[1] pH, [2] light, [3] and protease, [4] could be 
utilized to control the active agent release in 
delivery systems. Among all these strategies, 
release systems based on pH variation have 
obtained more attention, because the pH 
difference between different intracellular 
compartments could be used for targeting systems 
design.  
For gene delivery application, NPs can 
accommodate large DNA plasmids, RNA or proteins 
and may be produced at low cost on a large scale. 
NP-based systems overcome safety problems and 
limitations of viral vectors. FDA-approved polymers 
are particularly attractive for in vivo drug/gene 
delivery applications. Recently, we have developed 
a polymeric system for drug and gene based on pH-
responsive, core/shell NPs using the FDA approved 
PCL polymer. [5-8]  
Another, attractive polymer for gene delivery 
applications is polyglycolic acid (PGA), which has 
been approved by the FDA. PGA degradation is 
quicker in vivo and in vitro, and the degradation 
product, glycolic acid, is non-toxic and it can enter 
in the tricarboxylic acid cycle.   
For gene delivery, we have developed pH-
responsive core-shell polymeric NPs showing that 
they mediate efficient cDNA delivery. Our PGA NPs 
(Figure 1) with size about 300 nm, obtained by the 
emulsion-diffusion-evaporation method, are 
composed of a core with DNA molecules and a PGA 
shell. Using PGA NPs loaded with GFP cDNA in 
different cell lines, we observed relative numbers 

and mean fluorescence intensity of transfected 
GFP-positive cells comparable to those achieved 
with standard reagents used to promote 
transfection.  
PGA NPs, thanks their properties, as 
biocompatibility, biodegradability and a good 
transfection efficacy, can be used as efficient tool 
of transfection overcome viral vector problems. 
References 
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Figures 

 
Figure 1. AFM image of PGA NPs.  
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Lead-acid batteries (LABs) are still extensively used 
in the field of energy storage, owing to a well-
known and reliable technology. LABs can deliver 
high power and store energy for a very long time. In 
addition, they are reliable and easy to produce. The 
raw materials for their manufacture are practically 
unlimited, and about 95% of the materials can be 
recovered and reused. However, the lower specific 
energy storage (about 30-40 Wh kg-1), in 
comparison with other storage systems, limits their 
use in the most emerging and challenging 
applications, like electrical mobility, due to the high 
atomic weight of lead [1]. One of the principal 
limitations in the use of LABs in electric vehicles 
(EV) is related to the inadequacy of the negative 
plates in accepting high charge/discharge currents. 
Besides, LABs operate in EVs at high rate partial 
state-of-charge, which leads to rapid sulphation of 
the negative plates. 
Many approaches were proposed in order to 
overcome these problems and make LABs suitable 
for emerging applications. A possible approach is 
based on electrodes with nanostructured active 
materials, which are progressively emerging as an 
alternative to the conventional plates because their 
high aspect ratio and consequent high superficial 
area allow to fabricate LABs with high specific 
energy and power density. 
We have developed template electrodeposition as 
an easy and direct technique for fabrication of 
nanostructured electrodes, with very large active 
area, consisting of PbO2 and Pb [2-3]. Both active 
materials (Pb and PbO2) were electrodeposited 
using a nonporous template to obtain the regular 
arrays of nanowires shown in Figure 1, well 
attached to a compact film of the same material, 
acting as a current collector and mechanical 
support of the nanostructures. 
Nanostructured PbO2 and Pb electrodes were 
assembled and tested using aqueous 5 M H2SO4 
solution in a zero gap configuration, and was 
discharged up to 90% of the gravimetric capacity to 
a cut-off voltage of 1.2 V. 

In comparison to commercial LABs, which usually 
deliver about 30 mAh/g for only 15-20 cycles at 1C 
rate, our batteries are able to charge and discharge 
at very high rate without fading up to 1500 cycles 
with a cycling efficiency of about 90%. Besides, 
nanostructured electrodes show better 
performances without time-consuming curing and 
formation process. These performances are 
attributable to their large surface area (about 70 
times higher than the geometrical one), leading to a 
new LAB with high specific energy and power 
density. Another interesting finding is the ability of 
our batteries to be cycled up to 30C [4]. 
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Figure 1. Cross-Sectional view of PbO2 nanowires 
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Abstract  
 
Zinc sulphide (ZnS) is a semiconductor with a wide 
band gap of about 3.77 eV. Based on the recent 
achievements regarding the electronic applications 
of this material, in the present work, we are going to 
investigate the electronic properties of the pure and 
Cr-doped ZnS nanosheet within the framework of 
density-functional theory (DFT) implemented in 
Quantum Espresso package using the General 
Gradient Approximation (GGA) with a Pedrew-
Burke-Ernzerhof (PBE) describing the correlation 
potential. Results verify that doping the Cr atoms 
reduces the band gap down to 1.5 eV, yielding half-
metallic properties for the ZnS nanosheet. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 1. Cr-ZnS nanosheet  
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Fluidic�� nanochannels�� have�� presented�� the��

possibility��as��an��outstanding��molecular��sieve��due��to��
the��fast��and��selective��transport��of��water,��gas,��and��
ions[1].�� Theoretical�� studies�� predicted�� that�� the��
hydrophobic��nanochannel��could��transport��water��
and��gas��much��faster,��but��the��experimental��studies��
in�� nanochannel�� are�� rarely�� explored.�� Here,�� we��
fabricate��graphene�rbased��2D��nanochannels��with��
rectangular��shapes,��for��the��first��time,��of��3.6,��10,��
and��50��nm��heights��and��a��2� � � …m��width,��and��report��
their��ion��transport��properties.����

We�� fabricated�� the�� 3.6�� nm�� high,�� rectangular��
graphene��nanochannels��in��which��the��water��solution��
flows��along��the��graphitic��surface��for��the��first��time��
to��study��the��ion��transports��in��these��nanochannels.��
The��fabrication��options��of��nanochannel��inscription��
and��the��novel��technique��of��graphene��conformal��
coating��altogether��enabled��us��to��create��graphitic��
nanoconfinements��with��no��limitation��to��particular��
nanomaterials,��such��as��carbon��nanotube,��thereby��
leading��to��diversified��investigation��of��the��unique��
nanofluidic�� phenomena�� in�� the�� graphitic��
environment.����

Under��the��electric��field��to��transport��the��ions,��the��
3.6��nm��graphene��nanochannel��conducts��ions��115��
times�� faster�� than�� the�� nanochannel�� without��
graphene��in��a��deionized��(DI)��water��solution,��also��
yielding��similar��results��using��other��electrolytes.��The��
prepared��3.6��nm��high��graphene��nanochannels��take��
a�� clean�� and�� smooth�� surface�� and�� show�� ionic��
conductance� � � C115��times��larger��than��that��in��the��
SiO2/Si��nanochannels�� (with�� larger��nanochannels��
with��10–50��nm��heights��showing��significantly��less��
enhancements).�� Detailed�� mechanistic��
understanding��remains��to��be��further��investigated.��
These�� graphene�rbased�� artificial�� nanochannels��
promise��to��offer��new��opportunities��for��applications��
such��as��fast��desalination,��ion��field��effect��transistors,��

and��energy��harvesting��and��storage��in��its��nanofluidic��
confinement.��
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Figures��

��
Figure��1.��Flow��enhancement��factors��of��graphene�rbased��
nanochannels�� compared�� with�� SiO2/Si�� nanochannels.��
Inset��figure��shows��the��enlargement��of��the��enhancement��
factors��of��10��and��50��nm��channels.��
��

��
Figure�� 2.�� Concept�� illustrations�� of�� the�� enhanced��
electroosmotic��flow��in��graphene�rbased��3.6��nm��channels��
having��a��high��hydrophobicity,�� large��slip�� length,��and��
nanoconfined��properties.��
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The effectivity of the thermoelectric materials 
could be increased by the presence of the metallic 
nano-inclusion used for electron energy filtering. 
This type of the nano-composite (metallic 1D/2D 
nano-particles on the surface of the highly 
organized layered crystal) could be hardly 
evaluated by the macroscopic techniques for their 
�^���À���Œ���P�]�v�P�_�� �}�(�� �š�Z���� ���(�(�����š�� �(�}�Œ�� �v���v�}-particles of 
different sizes. 
 
Kelvin probe force microscopy, one of the electric 
modes of the atomic force microscopy, enables 
measuring of electrical surface potential of each 
separated nano-particle and thus we can predict 
the behavior of the nano-composite in the bulk 
form with respect to the size and the chemical 
composition of the inclusions. 
 
To verify this theory, we prepared the set of the Au 
nano-particles (Au-NP) on the cleaved surface of 
the layered semiconducting Bi2Se3 by the 
magnetron sputtering. The Au-NP height was 5 �t 70 
nm. The surface potential of the Au-NP decreased 
by -40 mV in comparison with the clean Bi2Se3 and 
the magnitude of the decrease correlated with the 
height of the Au-NP (Fig. 1). 
 
We observed different behavior of Au and Mo 
metallic films. While Au diffused to the matrix 
forming mechanic mixture, Mo diffused forming 
nano-inclusion of the MoSe2 due to the strong Mo-
Se chemical bond. The metallic film was exposed by 
the e-beam lithography for local patterning. The 
���Æ�‰�}�•������ ���Œ������ �~�ò�Æ�í�ì�� �R�u2) topologically expanded 
over original surface for dozens of nm as the result 
of the diffusive reaction of Se with metallic nano-
particle (Fig. 2). After exposition, the surface 
potential of the Au layer decreased for -62 mV in 
comparison with the initial Au surface. However, 
Mo layer after the similar exposition exhibits 
increase of the surface potential for 110 mV due to 
the formation of the MoSe2 nano-inclusion.  

 Figures 

 

 
Figure 1. Nano-particles of Au on the Bi2Se3 surface 
detected on the map of the topology, surface potential 
(KPFM), mechanical behavior (phase-shift) and the 
correlation of the surface potential over Au-NP height 

 

 
Figure 2. Topology (left) and surface potential map 
(right) maps of the Au(30 nm layer)/Bi2Se3 (upper row) 
and Mo (10 nm)/Bi2Se3 after local e-beam lithography 
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Nanohybrid materials containing graphene sheets 
have emerged as new model of materials with vast 
potentials in electronics, optoelectronics, energy 
technology, membrane design, sensing and 
biomedical applications. Last years, we have 
designed hybrid platforms with graphene and Nps in 
order to improve the surface analysis methods such 
as SERS (surface-enhanced Raman scattering) and 
TERS (tip-enhancement Raman spectroscopy).1 
In this communication, we show simple 
electrochemical strategies2,3 carried out for obtaining 
hybrid Nps-Graphene structures (Pd-GO and AuPd-
GO) dispersed in solution. The free-standing hybrid 
structures in aqueous solution were obtained by 
galvanostatic electroreduction of GO dispersion in 
the presence of metallic precursors and stabilizing 
agents, under controlled agitation of the electrolyte 
(Fig. 1)2.  
The morphology and structure of hybrid materials 
were determined by optical, Atomic force and 
electronic microscopies (SEM and TEM), while the 
chemical information was recorded through EDS, 
XPS and Raman spectroscopies (Fig. 2). 
Applications are shown by using the hybrid 
nanostructures as modifiers of the nickel surface 
for increasing the catalytic activity of the electrode 
for the evolution of hydrogen (HER). 
Electrocatalytic activity was comparatively 
performed by incorporation of Nitrogen-doped GO 
and MoS2 particles in the nickel matrix3. 
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Figures 

 
Figure 1. Representative scheme of the electrochemical 
process for the formation of stabilized PdNPs-GO hybrids. 
 
 

 
Figure 2. Transmision electron micrography of a 
AuPdNps-GO hybrid sample. 
 
 
 

GO
  

Page 92



Meas
of po w
��
Ha�rJin��Lee1

Haeseong��
��
1��Western��Se
2��Dept.��Nano
3��Korea��Adva

��
Abstract��
��
Graphene��ha
a��next��gene
extremely��h
electrons.��T
considered��
electronic��p
films,�� elec
Characteriza
graphene��its
and��users��in
devices��or��to
it.�� Commer
categorized��
follows:��(i)��g
deposition��(
liquids,��and��
Many�� elect
graphene��p
geometric��a
is�� necessar
parameter��
may��exhibit
many�� meas
property��of��
conductivity
on.��Among��
conductivity
measurand��
powder�rtype
experiments
method�� fo
commercial��
users�� to�� s
applications
��
References
��
[1]�� “Nanom

charact

surem e
wder- t
1����
Lee2,��Kyung��

eoul��Center,��K
o��and��Advanc
anced��Nano��F

as��attracted��
eration��elec
high��mobility
The��unique��p

to��be��effic
roducts��such
ctronic�� ink
ation�� of�� th
self��is��essen

n��order��to��de
o��improve��ex
rcialized�� gra

by�� their��m
graphene��film
CVD),��(ii)��gra
��(iii)��graphe
trical�� prope

product��are��
nd��electroni
y�� to�� select
among��its��e
t��the��qualit
surands�� to��
graphene��fl

y,��resistivity,
them��volu

y)��was��selec
which��revea
e�� graphene
s.��This��wor
or�� evaluatin
powder�rtyp

select�� a�� pr
.��

s��

manufacturin
teristics� � � r� �P

T

ent pr o
type g

Ho��Park3,��Ji��S

Korea��Basic��Sc
ed��Materials��

Fab��Center,��Su

a��great��dea
ctronic��mate
y��and��ballist
properties��o
ient��candida
h��as��transpa
ks,�� superc
e�� electrical

ntial��to��both
evelop��innov
xisting��electr
aphene�� pro
manufacturin
ms��grown��by
aphene��shee
ene��flakes��in
erties�� of�� a
sensitively��

ic��paramete
t�� the�� best��
electrical��pr
ty��of��graphe

determine��
lakes,��e.g.��sh
��volume��res

ume�� resistiv
cted��for��the
als��the��electr
e�� through��
k��provides��
ng�� volume��
e��graphene��
roduct�� suit

ng� � � r� �
art��2�r1:��Ca

T N T 2 0 1 8

otoco
graph e

Sun��Kim1��and

cience��Institut
Engineering,��J

uwon��16229,��K

l��of��attention
erial��due��to
tic��transport

of��graphene��
ates��for��use
rent��conduc

capacitor,��
�� properties

h��manufactu
vative��electro
ronic��ones��us
oducts�� can��
ng��methods
��chemical��va

ets��suspende
n��powder��fr
a�� powder�rt
affected��by
rs.��Therefore
representa

roperties��wh
ene.��There��

an�� electro
heet��resistan
sistivity,��and

vity�� (or��volu
��representa
rical��propert

a�� series��
a��standardi

resistivity��
flakes��to��ena
able�� for�� t

Key�� con
rbon��nanot

���z ��L e c c

l for e
ene ma

d��Mahfuza��M

te,��Seoul��0375
Jeonju��Univer
Korea��

n��as��
o��its��
t��of��
are��

e��in��
cting��
etc.��

s�� of��
rers��
onic��
sing��

be��
s��as��
apor��
ed��in��
rom.��
type��
y��its��
e,��it��

ative��
hich��
are��

onic��
nce,��
d��so��
ume��
ative��
y��of��

of��
ized��

of��
able��
heir��

ntrol��
tube��

[2]

��
Fig
��

��
Figu
and
��
��

��
Figu
pre
(rG
rGO

e ��( I t a l y

lectri c
ateria

Mubarak1��

59,��Korea��
rsity,��Jeonju��55

materials��
Ed��1.0��(201
D.��K.��Schr
device��cha
New��York��

gures��

ure��1.��Schema
d��the��photo��of

ure��2.��Plots��o
ssure,��and��(B
O)��pellets��ma

O�rA,��and��1��g��(l

) ��

cal ch a
ls 

5069,��Korea��

�r��Film��resist
12)��
roder��“Semi
aracterizatio
(1998)��

atic��diagram��o
f��a��pelletizer��a

f��volume��con
B)��a��density��o
ade��of��0.1��g��
ined)��of��rGO�rB

aract e

haj

tance”��IEC��T

iconductor��m
on”��John��W

of��the��measur
and��4�rprobe��h

nductivity��vs��(A
of��reduced��gr
(filled),��0.2��g
B.��

eristic

jinlee@kbsi.re.

TS��62607�r2�r1

material��and
iley��&��Sons

rement��system
ead.��

A)��the��applied
raphene��oxide
g��(emptied)��o

s  

kr

1��

d��
s,��

��

m��

��

d��
e��

of��

Page 93



T N T2 0 18 �z L e c c e( I t a l y )  

The study of 2D van der Waals material  based 
synaptic  device  
 
Mi Jung Lee1, Sangik Lee1, Sungmin Lee2,3, K. Balamurugan2,3, Chansoo Yoon1, Jun Tae Jang4, Sung-Hoon 
Kim5,6,Deok-Hwang Kwon7, Miyoung Kim7, Jae-Pyoung Ahn5, Dae Hwan Kim4, Je-Geun Park2,3 and Bae Ho 
Park1,* 
 
1Division of Quantum Phases and  Devices, Department of Physics, Konkuk University, Seoul 05029, Korea  
2Center for Correlated Electron Systems, Institute for Basic Science, Seoul 08826, Korea 
3Department of Physics and Astronomy, Seoul National University, Seoul 08826, Korea 
4School of Electrical Engineering, Kookmin University, Seoul 02707, Korea 
5Advanced Analysis Center, Korea Institute of Science and Technology, Seoul 02792, Korea 
6Department of Materials Science and Engineering, Korea University, Seoul 02841, Korea 
7Department of Materials Science and Engineering, Seoul National University, Seoul 08826, Korea 

mj.lee0614@gmail.com 
 
 The development of reliable memristor devices 
capable of storing multiple states of information 
has opened up new applications as neuromorphic 
computing.[1,2] Recently, Reported ion migration 
based synaptic memristor devices using two-
dimensional (2D) layered transition metal 
dichalcogenides (TMDs) materials such as MoS2 and 
WS2. Native oxidized layer of sub nanometer 
thickness exhibits excellent synaptic plasticity and 
learning capacity close to the ~100mV level of 
neuron spike by electrically induced oxygen 
vacancy conductive bridge.[3] However, these 
devices has dimension limit as reducibility total 
thickness due to Native oxidized MoOx/MoS2 and 
W O x / W S2  h e t e r o s t r u c t u r e .  
 Meanwhile, two-dimensional (2D) van der Waals 
(vdW) mater ials have recent ly at t racted 
considerable attention due to their excellent 
electrical and mechanical properties. TmPSx (where 
Tm = a transition metal), which is a new class of 2D 
vdW materials, is expected to show various physical 
phenomena depending on the Tm used. In this 
paper, the unprecedented synaptic behavior of a 
vertical Ag/CrPS4/Au capacitor structure, where 
CrPS4 is a single-crystalline 2D vdW layer, is 
reported. Multi-stable resistive states were 
obtained using an external voltage of less than 0.3 
V. Both short-term plasticity and long-term 
potentiation were observed by controlling the 
interval of the external voltage pulse. Simple 
mechanical exfoliation was used to develop a 
synaptic device based on a very thin CrPS4 layer 
with a thickness of ~17 nm. Therefore, it was 
demonstrated that vertical Ag/CrPS4/Au capacitors 
could be promising inorganic synaptic devices 
compatible with next-generation, f lexible 
n e u r o m o r p h i c  t e c h n o l o g i e s . 
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Figures 
 

 
 
Figure 1. The current-voltage (I-V) curves show the bias-
polarity-dependent bipolar resistive switching (RS) 
behaviors of the Ag/CrPS4/Au device. 
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The development of new sensory methods, based 
on synthetic biomimetic receptors i.e. Molecularly 
Imprinted Polymers (MIP), suitable for the specific 
detection of different analytes in a real or native 
matrix, like biological or environmental samples 
and matrices of industrial interest, with an 
enhancement in the limit of detection and 
selectivity, is highly required [1]. The molecularly 
imprinted structure of the synthetic receptors 
(MIP) is crucial for obtaining good affinity and 
selectivity of the interaction sites. Specific cavities 
must be designed for the detection of the analyte 
molecule in the desired complex matrix. For this 
reason, identification of appropriate functional 
monomers was performed to optimize the MIP 
characteristics and obtain a proper receptor. To this 
aim, a computational method (Gaussian 09), has 
been employed in the present work to develop a 
MIP for dibenzyl disulphide (DBDS), an antioxidant 
of industrial interest. Non-covalent interactions 
(such as electrostatic or hydrogen bond) are 
considered to meet the prerequisites of an easy 
and rapid re-utilization of the sensor. The 
functional monomers interacts with the analytes 
molecule, which act as template, and create a pre-
assembly. Then, by adding a cross-linking agent and 
an initiator, polymerization takes place around the 
pre-assembled molecule cluster mold and the 3D 
structure of the site is fixed. At the end of 
polymerization process, the template is removed by 
washing, so that sites with complementary shape 
are exposed.[2] An important point in the 
preparation of these nanostructured solid 
receptors is their physical form which must be 
constructed considering the sensing transduction 
method. In the present research MIPs were used as 
receptors in two kinds of optical platforms both 
relying on plastic optical fibers (POFs). One was 

based on surface plasmon resonance (SPR) [2] and 
the other on segmented waveguide (SWS) [3] 
platforms. In the first case the sensing is based on 
surface plasmon resonance (SPR) phenomena 
taking place at the interface MIP-thin gold layer. A 
shift in resonance wavelength is produced by the 
variation of the refractive index of the polymer 
when the analyte rebinds [2]. The segmented 
waveguide platform, SWS, is based on two plastic 
optical fibers coupled through a trench, filled with 
the MIP [3]. The relative output, i.e. the ratio of the 
light intensity from the two fibers (I1 /I2) decreases 
when the DBDS concentration increases. The 
instrumentation required is similar to that of SPR 
method but could be even simpler and cheaper. In 
both kinds of platforms MIP was polymerized 
directly on the platform. LOD of SWS platform of 
6,25x 10-7 M is compared with that of SPR of 1,47x 
10-8 M for DBDS in power transformer oil. The SWS 
platform has higher LOD than SPR platform, but it is 
more reproducible due to the simplicity of its 
fabrication. 
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The application of a molecularly imprinted polymer 
(MIP) [1] as a receptor for electrochemical sensing 
is demonstrated in the case of the determination of 
2-furaldehyde (furfural, 2-FAL) in aqueous matrices. 
Furfural is a molecule largely diffused, since it 
naturally derives from the acid-catalyzed 
degradation of xylose in lignocellulosic biomass.  
Moreover, it is produced in food by sugar 
dehydration and by the Maillard reaction, and can 
determines the organoleptic properties of food. It is 
also of interest in the production of biofuels, and 
can provide a large quantity of useful derivatives, 
representing a sustainable, abundant and cheap 
source of different chemicals. For these reasons, 
the determination of furfural in different matrices 
is of high interest. Various methods have been 
proposed for the determination of furfural, much of 
them based on chromatographic techniques. They 
are generally quite demanding in terms of time and 
complexity of chemical operations and 
instrumentation.  

Sensors appear to be the best solution for 
analytical determinations in a short time, and 
possibly in situ, since such devices are able to 
reduce handling operations and dimensions of the 
analytical apparatus.  
Electrochemical transduction based on 
voltammetry can be considered as an ideal 
approach for the determination of electroactive 
substances [2], however it is not very selective.  
The use of a molecularly structured medium in the 
electrochemical cell should improve this aspect, 
ensuring a better selectivity as previously shown in 
the case of a different substance [3]. MIPs are 
obtained by polymerization of a liquid mixture 
containing aggregates of the analyte of interest 
(furfural in the case here considered) with a 
polymerizable molecule. In the case here 
considered, the polymeric mixture consisted of the 
analyte (furfural), a functional monomer (MAA), 
and a crosslinker (EGDMA) at molecular ratio 

1:4:40, and of a radical initiator (AIBN), sometimes 
with a porogen solvent. For the sake of 
miniaturization, the electrochemical cell consists in 
a commercial screen-printed cell (SPC) composed of 
a graphite ink-working electrode, a graphite ink 
auxiliary electrode and an Ag ink quasi-reference 
electrode on a polyester support. A MIP layer is 
formed directly over the whole cell by dropping a 
small amount of the prepolymeric mixture over it, 
and by polymerizing at high temperature (72°C) in 
the air. Furfural was extracted from the obtained 
polymeric layer by repeated washing with ethanol. 
For the sake of comparison, a corresponding NIP  
(Not Imprinted Polymer) was synthetized as well. 
The obtained MIP layer was microporous, with 
connected pores, so ensuring a good electrical 
conductivity of the medium in contact with the 
electrodes.    
The affinity and the selectivity of the molecularly 
structured imprinted sites in the polymeric layer 
was determined by electrochemical measurements 
(cyclic voltammetry and square wave voltammetry) 
carried out in the MIP modified cell described, and 
compared with the same characteristics 
determined by batch adsorption procedure. Affinity 
constants as high as 106-107 M-1 could be obtained, 
with good selectivity even for compounds of similar 
structure, as other furanic derivatives.  
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In this work we propose a new method to obtain 
hybrid structures of carbon nanotubes (CNTs) and 
graphene nanowalls (GNWs). Both are carbon-based 
nanostructures that present high specific surface, 
high electric conductivity, chemical inertness and 
thermal and mechanical stability. These properties 
made them good candidates for several applications, 
such electrodes in supercapacitors [1, 2]. CNTs are 
obtained directly on stainless steel surface by plasma 
enhanced chemical vapor deposition (PECVD), 
without use of diffusion barrier and using the internal 
alloys elements of the substrate as a catalyst. With 
this approach is possible to obtain low resistance 
contact between the CNTs and the substrate [3]. 
GNWs obtained by inductively coupled plasma 
chemical vapor deposition (ICP-CVD) present catalyst 
free growth, so virtually they can be grown on every 
substrate that withstands the synthesis temperature. 
As a result, hybrid structures of GNWs-CNTs can be 
synthetized. The aim of the present work is to obtain 
different types of carbon hybrid nanostructures by 
combining GNWs and CNTs and to determine their 
properties. Characterization shows that various 
samples of independently CNTs, GNWs, and 
combination of CNTs-GNWs morphologies have been 
obtained. 
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Figures 
 

 
Figure 1. SEM image of GNWs grown on top of CNTs. 

  
Figure 2. Raman spectra comparison of CNTs (Blue) and 
GNWs/CNTs (Orange). In GNW/CNTs spectra the 
characteristic peaks and ratios of GNWs can be 
appreciated.  
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A Over the past  30 years, Atomic Force Microscopy 
has evolved from a microscope to measure just the 
surface topography to a wide variety of 
measurement modes that provides a way to 
characterize other atomic interactions or physical 
properties like magnetic field, electric field, 
nanoscale dissipation processes, thermal 
conductivity, electrical conductivity, resistance, 
�•�µ�Œ�(���������‰�}�š���v�š�]���o�U���‰�]���Ì�}�Œ���•�‰�}�v�•���U���z�}�µ�v�P���u�}���µ�o�µ�•�U�Y��
Electrical nanocharacterization with AFM has 
emerged as a powerful tool to map electrical 
properties at the nanoscale, like surface potential 
(work function) and conductivity. However, 
traditional setups in AFM make difficult to obtain 
accurate and repeteable results over several types 
of samples.  
 
In this contribution we will show the capabilities 
new developed AFM modes: High Definition Kelvin 
Force Microscopy (HD-KFM), ResiScope, Soft-
Resiscope and Scaning Microwave that overcome 
the intrinsic difficulties of electrical 
nanocharacterization with AFM. This techniques 
have been applied on a variety of 2-D materiales 
surfaces, like graphene or molibdene disulfide 
samples providing high stability, sensitivity and 
lateral resolution. 
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Figures 

 

 
Figure 1. (Up) HD-KFM image of graphene on Si sample. 
Brown areas correspond to 1ML and yellow areas to 
2ML/3 ML of graphene. (Down) SP values on of 
graphene on different substrates. 

 
 
Figure 2. ResiScope measurement on a cleaved solar cell. 
(Up) lateral view of the conductive tip. (Down) 
Resistance image of the solar cell cross-section showing 
the cross-section of a cleaved solar cell showing the 30 
nm back field layer. 
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Neuroscientific research is benefitting from 
technological advances that provide scientists with 
tools to interface with neural circuits. In this 
regards, the advent of optogenetics techniques1 
has prompted the development of implantable 
probes to stimulate and inhibit neural activity, 
including opto-electrodes based on µLEDs2,3 or 
Tapered Optical Fibers (TFs) devices exploiting 
mode-division de-multiplexing strategies. TFs are a 
versatile solution to dynamically illuminate wide 
regions (fig.1a), spatially confined regions (fig.1b) 
or multiple optical windows opened on metal 
coated fibers (fig.1c)4�t7. However, as traditional 
fabrication techniques are designed for planar 
substrates, the integration of extracellular 
recording electrodes on the highly curved surface 
of TFs is an open challenge.  To circumvent this 
limit, we developed a nanofabrication technique 
that combines Focused Ion Beam (FIB) milling and 
Ion Beam Induced Deposition (IBID). The 
nanometric precision of this method allowed us to 
fabricate two independent electrodes and two 
independently addressable optical windows on the 
highly curved surface of a TF (fig.2). To do this, we 
coated the TF with multiple metal layers that were 
mutually insulated by alternating each metal 
surface with a parylene-c deposition (fig.3a). We 
then opened two optical windows by selectively 
removing metal at specific taper diameters with 
FIB milling (fig.3b). Then, we grew Pt electrodes by 
IBID in metal recesses positioned next to the 
optical windows (fig.3c). We validated these 
devices with electrophysiological by recording 
neural activity from single neurons in the mouse 
cortex in vivo (fig.4). 
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Figures

 
Figure 1. Light delivery geometries from TFs.  

 
Figure 2. Scanning Electron Microscope micrographs of 
a two-windows two-electrodes device. 

 
Figure 3. Nanofabrication of extracellular electrodes 
next to optical windows on TFs highly curved surfaces.  

 
Figure 2. Example of raw traces (top) and distinct single 
units (bottom) recorded in mice cortical neurons.  
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The MBE Laboratory for van der Waals epitaxy of 
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#C'A.-)79./='P9-J'*5:-75/' .-' -J)' .-5A9*T/.0)7' /)6)/'
9='=-9//' .' 6)70' *J.//):89:8' -.=Q4' ,:' 7)*):-'0).7=2' -J)'
A5/)*>/.7' O).A ' )?9-.[0' +@a\1' 875P-J' 5]' #C'
A.-)79./='J.='O)8>:' -5'O)' )[?/57)D' R3X'.=' .'69.O/)'
./-)7:.-96)' -5' *J)A9*./'6.?57'D)?5=9-95:'+;BC1']57'
-J)' =)^>):-9./ '6DZ\'875P-J'5]'#C'J)-)75=-7>*->7)='
5: ' O5-J' A)-./' .:D' 9:=>/.-9:8' =>O=-7.-)=4'
MD6.:-.8)='5]'@a\' -)*J:5/580'56)7' ; BC'A)-J5D='
.7)b' +91' -J)' 5**>77):*)' 5]' .' =)/]T/9A9-9:8' 875P-J'
A)*J.:9=A' 5]' #C' A .-)79./=c' +991' -J)' ?5==9O9/9-0' -5'
?)7]57A' 9:T=9->' =>7].*)T=*9):*)' *J.7.*-)7 9F.-95:2'
D>)'-5'GLB'*5:D9-95:=2'.:D'+9991'A>*J').=9)7'*5:-75/'
5]'A5:5/.0)7'875P-J'56)7'/.78)'D9.A)-)7'=9F)4'
,:' -J9=' *5:-79O>-95:2' P)' D)=*79O)' -J)' @a\' ].*9/9-0'
]57' -J)'6DZ\'5]'#C'A.-)79./='7)*):-/0'9:=-.//)D' .- '
;"< T,@@'9:' ()**) ' P9-J9:' -J)' ]7.A)P57Q' 5]' -J)'
KLMILN"' K75d)*-' ]>:D)D' O0' <)895:)' K>8/9.4' !J)'
@a\' 7).*-57' *5:=9=-=' 5]' .' <,a\<' ;5A?.*-' #%' ;(I'
=0=-)A' R_98>7)' %X' =?)*9]9*.//0' D)=98:)D' -5' ):=>7)'
D)?5=9-95:'5]'#C'A.-)79./='56)7'.'#e'D9.4'P.])72'.:D'
?75*)=='-)A?)7.->7)='>?'-5'%f$$g;4'M-'?7)=):-'-J)'
7).*-57' 9=' )^>9??)D' P9-J' .' ;' =>O/9A.-95:' =5>7*)'
+J).-)D'>?'-5'#3$$g; 12'>-9/9F9:8'.'?075/0-9*'87.?J9-)'
]9/.A):-2' ]57' 87.?J):)' 875P-J2' O>-' 9-'J.=' =)6)7./'

GLB' =?.7)T?57-=c' -J>=2'9-='*5:]98>7.-95:'*.:' O)'
>?87.D)D'P9-J'>?'-5'h'=5>7*)='-5'?)7]57A'6DZ\'5]'
Ja"' .:D' -7.:=9-95:' A)-./' D9*J./*58):9D)= 4' ! J)'
7).*-57'9=')^>9??)D'P9-J'. '<L\\C'=0=-)A'5?)7.-9:8'
P9-J'.'%#TQ)B')/)*-75:' O).A' ]57'9:T=9->'A5:9-579:84'
!J)' ].*9/9-02' -J)' ]97=-' 5:)' 5]' 9-=' Q9:D' 9:' ,-./02' 9='
J5=-)D' 9:=9D)' -J)' I)A9*5:D>*-57' KJ0=9*=' .:D'
!)*J:5/580'(.O57.-570'5]'G:96)7=9-0'5]'I./):-54'
'
'%(%$%)*%+#
'
R%X!i4I4'"565=)/56' )-' ./42'!"#$%&'()%*+#%,-#.%,#-'(#

/%%*+#0'&'(1+&(23&2('+2' I*9):*)' 3f3' +#$%j1'
..*kl3k 4'

R#X!K4m4' n5A)7' )-' ./42'4# &(%,+5'(# &'30,)62'# 51(# 0)70#
$18)*)&9# 7(%:0','# -'.)3'+# 1,# 31$$'(3)%**9#
%.%)*%8*'# 0';%71,%*# 81(1,# ,)&()-'2' M??/4' KJ0=4'
()--4'kk'+#$%%1'#3#%$l4'

R3X!m4@4'Z5]]57D')-'./42'4#098()-#<=>?8%+'-#7(1@&0#
$ '&01-# 51(# *%(7'?%('%# +9,&0'+)+# 15# +&%3A'-#
0';%71,%*# 81(1,# ,)&()-'B7(%:0','# 0'&'(1?
+&(23&2('+2'I*94'<)?4'h'+#$%h1'l3jll4'

'
,-./$%+#
'

'
'
,-./$%# 0"#KJ5-587.?J' 5]' -J)' @a\' ].*9/9-0' 9:=-.//)D' .-'
,@@T;"<' 9:'()**)4' '
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Targeting mononuclear phagocytes for eradicating 
intracellular parasites  
'
!"#$%&'$(()**"+,&'
2/)33.4567'879.%:';<=3)>>)'?.--.@/<.%'
'
%'!"#$%&'"(&)*+),-"'./&%01)2(.3"%/.&0),*44"5")6*(7*(1)6*(7*()28 '

/A6<BB)//7C=*/A.*A=D'
'
-.%/#01/&
E7474=*/).6'>F.@7*0-)3'3=*F'.3'9747*0-)3:'-<33=)G
3>)*<H<*'9.*67>F.@)3'.45'5)456<-<*'*)//3'.6)'>6<9.60'
.*-763'<4'I7-F'<44.-)'.45'.5.>-<J)'<99=4<-0:'.3'K)//'
.3' -<33=)'F797)73-.3<3AL%M' !F)0'F.J)'D)0'67/)3'<4' .'
6.4@)'7H'>F03<7/7@<*./'.45'>.-F7/7@<*./'>67*)33)3:'37'
.40' 3-6.-)@0' -.6@)-<4@' -F)3)' *)//3' K<//' F.J)' K<5)G
6.4@<4@'<9>.*-A'!F)3)'>F.@7*0-)3'*.4'I)'>.6.3<-<B)5'
I0' <4-6.*)//=/.6' I.*-)6<.:' -=64<4@' -F)9' H679'
F7=3)D))>)63'-7'F<5<4@'>/.*)3'.45'H.J7=6<4@'*F674<*'
.45N76' 5<33)9<4.-)5' <4H)*-<74AL#M' O4)' 7H' -F)' 973-'
<4H.97=3' <3' -F)' I.*-)6<.' -F.-' *.=3)' -=I)6*=/73<3:'
KF<*F'<3'-F)'973-'>.45)9<*'.45'74)'7H'-F)'5).5/<)3-'
5<3).3)3' K<-F' 74)G-F<65' 7H' -F)' K76/5P3' >7>=/.-<74'
<4H)*-)5:'.45'%A&'9<//<74'5).-F3'K76/5K<5)'<4'#$%QA'
R)6)' K)' 5)9743-6.-)' -F)' )HH)*-<J)' -.6@)-<4@' .45'
<4-6.*)//=/.6' 5)/<J)60' 7H' .4-<I<7-<*3' -7' I7-F'
*<6*=/.-<4@' 9747*0-)3' .45' 6)3<5)4-' 9.*67>F.@)3:'
=3<4@'>R'3)43<-<J)'4.473*7><*'>7/09)6379)3'9.5)'
7H' >7/0+#G+9)-F.*60/70/7S01)-F0/'
>F73>F760/*F7/<4)1G*7G>7/0+#G+5<G
<37>67>0/.9<471)-F0/' 9)-F.*60/.-)1' +8E8TG
8U821ALVM' 87/09)6379)' 3)/)*-<J<-0' -7' 97474=*/).6'
>F.@7*0-)3' <3' 5)9743-6.-)5' .45' .3*6<I)5' -7' -F)'
>7/09)6<3)5' >F73>F760/*F7/<4)' 97-<H3' .HH<4<-0'
-7K.65' 3*.J)4@)6' 6)*)>-763A' W<4.//0:' K)'
5)9743-6.-)' -F)' 3=**)33H=/' )S>/7<-.-<74' 7H' -F<3'
-.6@)-<4@'H76'-F)')HH)*-<J)')6.5<*.-<74'7H'<4-6.*)//=/.6'
I.*-)6<.' -F.-' *.=3)' -=I)6*=/73<3:' 90:*;$:&"%.<')
&<;"%:<4*/./:'.3'K)//'.3'7-F)6'<4-6.*)//=/.6'>.6.3<-)3'
<4*/=5<4@'-F)'90:*;$:&"%.<');*3./ :'90:*;$:&"%.<')
'$%.(<' :'.45'-F)'973-'*79974'I.*-)6<.'.337*<.-)5'
K<-F' .4-<I<7-<*' 6)3<3-.4*):' -F)'=&$#-04*:*::</)
$<%"</A'
'
')%2*/%&
,4' -F<3' K76D:' K)' F.J)' 5)9743-6.-)5' -F.-' 8E8TG
8U82' >7/09)6379)3' .6)' .4' <5)./' *.45<5.-)' H76'
-.6@)-<4@'97474=*/).6'>F.@7*0-)3' )<-F)6' .H-)6'<AJA'
76' -7><*./' .59<4<3-6.-<74:' 3F7K<4@' -6)9)457=3'
>7-)4-<./'<4'=3<4@'-F<3' .>>67.*F'H76'-F73)' 5<3).3)3'
KF)6)' -F)3)'*)//3' .6)'*6<-<*./' .*-763A'23' .'>677HG7HG
*74*)>-:' K)' 3F7K)5' -F.-' 8E8T G8U82'

>7/09)6379)3'*.4'I)'/7.5)5'K<-F'.'/.6@)'J.6<)-0'7H'
.4-<I<7-<*3:' <4*/=5<4@' >67-)<43' +/0373-.>F<41:' 39.//'
>)>-<5)3'+J.4*790*<41:'@/0*7/3'+@)4-.9<*<41:'>776/0'
K.- )6G37/=I/)'76@.4<*3'3=*F'.3'X=<474)3'+6<H.9><*<41'
.45' H=4*-<74./<3)5' >06<5<4)3' +,374<.B<51:' -F=3'
*7J)6<4@'.'/.6@)'6)>)6-7<6)'7H'>733<I/)'*F)9<3-6<)3A'
Y)' F.J)' 3F7K4' -F.-' >7/09)6379)3' *.4' 5)/<J)6'
.4-<I<7-<*3' -7' -6).-' <4-6.*)//=/.6' >.-F7@)4G6)/.-)5'
<4H)*-<743:'.45'-7'>7-)4-<.//0'5)*6).3)'-F)'573)'.45'
5=6.-<74' 7H' -6).-9)4-' 6)X=<6)5' H76' I.*-)6<./'
)6.5<*.-<74A'?7-F'.()3.&%*'+<4'F=9.4'*)//31'.45'.()3.3*'
)S>)6<9)4-3' 5)9743-6.-)5' -F.-' -F)3)' 4.473*7><*'
304-F)-<*' J)3<*/)3' K)6)' 3>)*<H<*.//0' <4-)64./<3)5' I0'
9.*67>F.@)3:' K<-F7=-'<45=*<4@'-7S<*<-0:' -F67=@F' .'
*79I<4.-<74' 7H' 504.9<4G<45)>)45)4-' )457*0-73<3'
.45'>F.@7*0-73<3A'Y)'F.J)'5)9743-6.-)5'-F.-'56=@G
)4*.>3=/.-)5'>7/09)6379)3'K)6)'.I/)'-7'6)5=*)' =>)
$<%"</:'?.*<//)'5)'T./9)--) G;=)6<4'+?T;'G'9>);*3./ 1:'
9>)&<;"%:<4*/./:' .45 '9>)'$%.(<' ' I.*-)6<./'I=65)4:'
.@.<4' =3<4@'.() 3.&%*' .45' .() 3.3*' .>>67.*F)3A'
24-<9<*67I<./G/7.5)5' >7/09)6379)3' K)6)' 976)'
)HH)*-<J)'*79>.6)5'K<-F'-F)'3.9)'*74*)4-6.-<74'7H'
H6))'56=@:'.45'<4'379)'*.3)3'K)6)'.I/)'-7')6.5<*.-)'
-F)' <4-6.*)//=/.6' 9<*6776@.4<393' *79>/)-)/0A' Y)'
-F=3' I)/<)J)' -F<3' -)*F47/7@0' *.4' I)' )S>/7<-)5' -7'
6)5=*)'-F)')HH)*-<J)'573)'6)X=<6)5'H76'-F)6.>0:'K<-F'
.' *743)X=)4-' >7-)4-<./' 6)5=*-<74' <4' .4-<9<*67I<./'
6)3<3-.4*)A' ,4' .55<-<74:' )4*.>3=/.-<74' 7H'
.4-<9<*67I<./3' *7=/5' F)/>' *79>/)-)/0' )6.5<*.-)'
<4H)*-<74' H679' -F)' F73-' 976)' 6.><5/0:' I0' 5<6)*-'
5)/<J)60'7H'56=@'-7'-F)'<99=4)'303-)9'-7')4F.4*)'
-F)'F73-G>.-F7@)4'6)3>743)A'
'
')3)#)41)%&
5+6' W/76)4-' ;<4F7=S'"&) $4A' ".-=6)' Z)JA' ,99=47/A:'
%[\V]#̂ [$[' +#$%[1_'576' `765.4' a' 86<*)'"&) $4A'
,99=4<-0:'[%\b&Q̂b]V'+#$%[1_'586'R.44.F'(79.3:' "&)
$4A'25JA'E.-)6A:'%]+#V1\[#V&^[#[V:'#$$c '
'
'
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CONTROLLING CELLULAR TRAFFICKING BY 
NANOPARTICLE  AVIDITY: FROM ENDOCYTOSIS 
TO TRANSCYTOSIS 
!
"#$%&#$!'(%&)%%''
23456)'"07)89%:';6.35)'!6.< #:'(386='>6??)//3%:'@/)==.<A83'B3C.%:'D.<6=5'>E'FG00G8GH:I:'()<.'J68=*5<)*KH:I:'
@<A)/.'L.86MH:I:'N6G=)44)'O.--.9/6.%:I'
%'P)4.8-C)<-'3Q'R5)C6=-80:'S<6T)8=6-0'R3//)9)'(3<A3<:'R586=-345)8',<93/A'OG6/A6<9:'#$'N38A3<'2-8))-:'(3<A3<'UR%V'$@W:'S<6-)A'J6<9A3CE'

#'2*533/'3Q'(6Q)'2*6)<*)=:'@<5G6'S<6T)8=6-0:'V)Q)6'#H$X$%:'B)34/)Y='>)4G7/6*'3Q'R56<.E'

H'P)4.8-C)<-'3Q'B50=6*='.<A'@=-83<3C0:'S<6T)8=6-0'R3//)9)'(3<A3<:'N3Z)8'2-:'J6<9='R83==:'(3<A3<'UR%['XO!:'S<6-)A'J6<9A3CE'

I',<=-6-G-)'Q38'-5)'B50=6*='3Q'(6T6<9'20=-)C=:'S<6T)8=6-0'R3//)9)'(3<A3<:'(3<A3<'UR%['XO!:'S<6-)A'J6<9A3CE'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' [E2*.84.\G*/E.*EGK'
'
!5)8.4)G-6*'6<-)8T)<-63<'6<'-5)'*)<-8./'<)8T3G='
=0=-)C'+R"21'6='/6C6-)A'70'-5)'48)=)<*)'3Q'
-5)'7/33A'78.6<'7.886)8'+OOO1'-5.-'*3<-83/='-5)'
C3T)C)<-'3Q'C3/)*G/)='.*83=='-5)'OOOE'
V3Z)T)8:'-8.<=*0-3=6='C)*5.<6=C'*.<'7)'56].*K)A'
-3'-8.<=438-'-5)8.4)G-6*='-3'-5)'R"2E'
B3/0C)8=3C)=:'=0<-5)-6*'<.<3=*346*'T)=6*/)=:'
8)48)=)<-'.'483C6=6<9'A8G9'A)/6T)80'=0=-)CE'
!5)0'*.<'.**3CC3A.-)'.'T.86)-0'3Q'A8G9='.-'5695'
*3<*)<-8.-63<'.<A'-5)68'3G-)8'=G8Q.*)'*.<'7)'
A)*38.-)A'@<9634)4#'4)4-6A)'+@B#1:'Z56*5')<.7/)='
-8.<=*0-3=6=E'V3Z)T)8:'-5)'C)*5.<6=C'
8)9G/.-6<9'8.<=*0-3=6='3Q'<.<34.8-6*/)='6<-3'-5)'
78.6<'6='4338/0'*5.8.*-)86=)AE'U)'5043-5)=6=)A'
-5.-'-5)'6<-8.*)//G/.8'-8.QQ6*K6<9'3Q'43/0C)8=3C)='
A)*38.-)A'Z6-5'@B#'6='A)4)<A)<-'3<'-5)'A)<=6-0'3Q'
/69.<A='3<'-5)'<.<34.8-6*/)'=G8Q.*)E'!3'-)=-'-56='
5043-5)=6='Z)'483AG*)A'
43/0^3/693+)-50/)<)'9/0*3/1'C)-50/')-5)8'
C)-5.*80/.-)_ `7/3*K'43/0++A66=348340/.C6<31)-50/'
C)-5.*80/.-)1'+Ba[ND@̀BPB@1'4V'=)<=6-6T)'
43/0C)8=3C)='*3<]G9.-)A'Z6-5'A6QQ)8)<-'A)<=6-6)='
3Q'@B#:'.<A'.==)==)A'-8.<=*0-3=6='G=6<9'.'48)T63G=/0'
)=-.7/6=5)A'O[R'HP'-8.<=Z)//'C3A)/HE'
U)'=53Z'-5.-'43/0C)8=3C)='A)*38.-)A'Z6-5'@B#'
76<A'(>B%'.<A'.8)'6<-)8<./6=)A'70'
O[RE'!5)'8.-)'3Q'-8.<=Z)//'*83==6<9'T.86)='.**38A6<9'
-3'-5)'A)<=6-6)='3Q'@B#'*3<]G9.-)A'3<'-5)'=G8Q.*)E'
,<T)=-69.-6<9'-5)'-8.<=*0-3=6='C)*5.<6=C:'Z)'Q3G<A'
-5.-'.'5695'@B#'A)<=6-0'+X$'@B#b43/0C)8=3C)1'
483C3-)='-5)'*3C4.8-C)<-./6=.-63<'3Q'
43/0C)8=3C)='6<')<A3*0-6*'389.<)//)='43=6-6T)'Q38'
>.7c:'d'.<A'%%E'R3<-8.86/0:'.'C)A6GC'@B#'A)<=6-0'
+#c'
@B#b43/0C)8=3C)1'Q.T3G8='-8.<=*0-3=6='-583G95'
-G7G/.8'=-8G*-G8)=E'>)./'-6C)'/6T)'*)//'6C.96<9'
=-GA6)='.<A'C3/)*G/.8'A0<.C6*'C3A)//6<9'8)T)./)A'
-5.-'A)4)<A6<9'3<'-5)'.T6A6-0'3Q'=0=-)C:'*)//='
G<A)893')<A3*0-6*'T)=6*G/.-63<'38'-.7G/.-63<'

Q3//3Z)A'70'-8.<=*0-3=6=E'B3/0C)8=3C)='
-8.<=*0-3=6='6='6<5676-)A'70'=C.//'C3/)*G/)'
6<5676-38='-3'-5)'2"@>['*3C4/)e'38'A0<.C6<:'.<A'
./=3'-583G95'A)4/)-63<'3Q'*53/)=-)83/'.-'-5)'
7.=3/.-)8./'C)C78.<):'6<A6*.-6<9'.<'
6<-)8A)4)<A)<*0'7)-Z))<')<A3*0-3=6='.<A'
)e3*0-3=6=E'
!5)= )'8)=G/-='G<A)8/6<)'53Z'/69.<A'A)<=6-0'
*3<-867G-)='-3'-5)'6<-8.*)//G/.8'-8.QQ6*K6<9'
3Q'<.<34.8-6*/)=E'!56='Z38K'483T6A)='<)Z'6<=695-'
6<-3'-5)'C)*5.<6=C'3Q'-8.<=*0-3=6='-583G95'-5)'
OOO'-5.-'7)')e4/36-)A'Q38'-5)'A)=69<'3Q'
<.<3-5)8.4)G-6*'T)=6*/)='-.89)-6<9'-5)'R"2E'
'
*+,+&+-(+.!
'
^%_'2./-)8:'DEUE'.<A'O)99=:'2E'R)//'#$%If'%c&+%1'#IE'
^#_';6.35):'!E')-'./E'2*6)<-6Q6*'8)438-='#$%cf'cg%%hh$E'
^H_E';6.35):'!E')-'./E'2*6)<-6Q6*'8)438-='#$%df'dgHhXdXE'
!
/012&+.!
'

'
!
/012&+! 34! 2*5)C.-6*' 3Q' -5)' 48343=)A' ' C)*5.<6=C' 3Q'
-8.<=*0-3=6='C)A6.-)A'70'<.<34.8-6*/)'.T6A6-0E'
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�8�Q�E�L�Q�G�L�Q�J

Page 103



T N T2 0 18 �z L e c c e( I t a l y )  

The Properties  of 2D Materials  on 
Functional  Oxides  
 
MinjungShin1 , Jihoon Jeon1, Sangik Lee1, Chansoo Yoon1, Yeonsoo Kim1, Mijung Lee1, Baeho Park1  
 
1Division of Quantum Phases and  Devices, Department of Physics, Konkuk University, 120 Neugdong-ro, Gwangin-gu, 
Seoul 05029, Korea  
 

donna1439@outlook.com 
 
As intriguing characteristics of two-dimensional 
(2D) materials including MoS2, ReSe2 and other 
transition metal dichalcogenides (TMDs) have been 
studied, the combination of 2D materials with 
various functional materials is attracting attention. 

Especially, high-�ˆ dielectric or ferroelectric   
materials have been considered as promising 
candidates to study synergetic effects when 
integrated with 2D materials. Specifically, SrTiO3 
(STO) thin film can be used to aid at improving the 
performance of graphene device. We are interested 
in the properties of few-layer ReSe2 and MoS2 
nanosheets  or field effect transistor (FET) device 
on the functional oxides such as STO thin film or 
BiFeO3 (BFO) nanodot array which attract much 
attention because of their potential applications to 
nanoscale devices required for the next-generation 
semiconductor industry. We made BFO nanodot 
arrays with 70nm in diameter on SrRuO3 (SRO) 
/SrTiO3 (STO) using porous anodic aluminum oxide 
(AAO) template and STO/Nb:STO thin film by 
pulsed laser deposition (PLD). And then we 
performed atomic force microscope (AFM), high 
r e s o lu t i o n  x- r a y  d i f f r a c t i o n  ( HR-X R D ) 
measurements for nanodot array and thin film. We 
also performed AFM and Raman spectroscopy 
for ReSe2 and MoS2 nanosheet to investigate their 
properties. We fabricated FET devices of TMDs 
using e-beam lithography and evaporator system 
and measured the electrical property of them. We 
are going to make the junction devices between 
TMDs and oxides by transfer method and 
investigate effects of oxides to their electrical and 
optical properties. For this, we will compare the 
experimental data with the simulation results.  
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Figure 1. Transfer characteristics of few-layer ReSe2 FET 
and optical image of device.  
 

 

 
 
Figure 2. AFM topography images of oxides. (a) Nb:STO 
substrate which has  terraces with smooth step edges. (b) 
STO thin film. (c) AAO template. (d) BFO nanodot array.   
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The attractive optical properties of diffraction 
gratings have stimulated significant interest making 
them widely used in several applications ranging 
from sensing, spectroscopy and light absorption [1-
2]. In this work, we propose the design of a two-
dimensional (2D) array of polymethyl-methacrylate 
(PMMA) pillars deposited on different sputtered 
dielectric slabs (e.g. Ta2O5 and AlN) supported by a 
silicon dioxide (SiO2) substrate (Fig. 1) or metallic 
films. The graphene monolayer is sandwiched 
between the PMMA pillars and the dielectric slabs 
representing the only material with absorption in 
the lossless system. The periodic structures are 
designed to phase-match the incident plane wave 
and couple discrete guided modes, also called 
guided mode resonances (GMRs) [3-4]. GMRs 
interact with the graphene monolayer enhancing 
the overall absorption.  
The optical response is investigated by means of 
numerical simulations carried out by means of 
DiffractMOD (RSoft) that implements the Rigorous 
Coupled-Wave Analysis (RCWA) method. Fig. 2(a) 
and (b) show the absorption maps when the 
impinging source is tilted in the range 0°-90° for p- 
and s- polarizations in the case of PMMA pillars 
supported by a SiO2 film. The maps clearly show a 
great variety of guided mode resonances that span 
from visible to near-infrared wavelengths.  
Preliminary experimental results are reported 
where the PMMA pillars are realized by using nano-
imprint lithography (NIL) by means of a silicon 
stamp.  
In conclusion, the proposed configuration, based on 
guided mode resonances with sharp spectral 
features, will be exploited in a plethora of 
applications ranging from (bio)-sensors, biomedical 

applications, color control and filtering, nonlinear 
devices to optical absorbers. 
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Figures 

 
Figure 1. Sketch of the proposed device where the 
graphene monolayer is sandwiched between the PMMA 
pillars and the Ta2O5 slab supported by a glass substrate. 
 
 
 

  

Figure 2. Numerical absorption maps for the (left) p-
polarized and (right) s-polarized impinging field, 
respectively. The period and thickness of theTa2O5 slab 
are equal to 600 nm and 150 nm, respectively.  

Page 105



��������	��
��
��
�������������
�	���	��������
����	�
�	�
�	�������

�����������	�
�������
���������
�����������������

��������� ��	�����������������������������
������
������

�������� ��	����� ��
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

�� � �"�	 � ������������ � � � #��	��� � � � 	���� � �$ � ��#������%����� � &������ � ������
$���������	 � '() � �##���� � �� � *������� � ����	�	��*	 � '+) � �"� � ����#�������	 � ���
*��������	����,�����*�	#"���	��$���$$������	�-�	
����&����������	����	
����
��*��� � �$ � ��������	 � �"� � ������� � �$ � ��$$����� �$���������	 � �� � ��#������ � �"�
������� � &������ � ������ � ���	��� � ��� � #�������� � �$ � � ������	 � ����#�������	 � �	
����	������� ����� �����-��� ��� ���*	��$�	�*������� ��	���#���	 � ��$���� �"�� ��"�
��#���������������������	�$����*������$����"����	���#������$��"���������.����
#��������/��$�����#�������	 �

0�$������	1
'() � �����������	
	�����	
���	�	�������������
��������	�����
�	�����
�����	�������	�
�
	��������������������	���	�
������������
����
��
�	�������
	���������
��������	���
��
����
������
�	��� � ���������	�� 
� �������
�������� 
� ���������
 
� ������������� �����	����
�	�
�����
��������
��� �!"�� #�

'+)� � ��	�
��������	� ���
���
��	��������	��������
	�
	���	
�����������
	�� 
�$�����
$%&&�����!"���#��'(���������)	�����*�+
��*,
� �-. /�

������	

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
� � � + 2 ( 3 � � � � � � � � � . � � � � � /

�

Page 106

mailto:CBN@UNILE
https://arxiv.org/search?searchtype=author&query=Della+Sala%2C+F
https://arxiv.org/search?searchtype=author&query=Fabiano%2C+E
https://arxiv.org/search?searchtype=author&query=Constantin%2C+L+A
https://arxiv.org/search?searchtype=author&query=Laricchia%2C+S
mailto:vittoria.urso@iit.it


T N T2 0 18  �z  L e c c e ( I t a l y )  

Functionalization of CVD -graphene controlled by 
QCN for the development of biosensing platforms  
 
Ylea Vlamidis1  
Neeraj Mishra1, Giovanni Signore1,2, Luca Bellucci2, Valentina Tozzini2, Camilla Coletti1, Valerio Voliani1, 
Mauro Gemmi1 
 
1 Center for Nanotechnology Innovation, CNI@NEST, Piazza San Silvestro 12 - 56126, Pisa, Italy. 
2 NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, Piazza San Silvestro, 12 - 56127 Pisa, Italy. 
 

ylea.vlamidis@iit.it  
 
Recently, carbon-based nanomaterials have 
provided an interesting approach for bioanalysis 
platform. Among them, graphene has attracted 
great attention in bioanalysis applications due to its 
remarkable electronic structure and high surface to 
volume ratio which contribute to the high sensitivity 
of graphene-based sensor devices [1]. 
The non-covalent functionalization of graphene with 
pyrene-based linker molecules brings great benefits, 
allowing to maintain unaltered the original graphene 
electronic properties and its low aspecific 
interactions with biological materials [2]. 
Although the interaction between aromatic systems 
and graphite surface has been investigated [3], the 
interaction mechanism and adsorption behavior of 
pyrenate amphiphilic molecules on graphene, has 
been reported in a very few papers. 
In this work, we describe a non-covalent 
functionalization of graphene with a stealth-peptide 
bearing a terminal pyrene group (Peptide-Py), in 
view of the development of nanodevices such as 
tunable biosensor/bioanalyte concentrator. The 
terminal cysteine residual of the peptide would 
allow a further attachment of the capture antibody 
to the functionalized graphene.  
Herein, the functionalization of graphene and thus 
the adsorption process and self-assembly 
morphology of the system onto nanoscale have 
been demonstrated both experimentally and by 
computational methods carrying out simulations to 
investigate the adsorption of a single molecule of 
peptide-pyrene on the graphene layer. 
Graphene was grown on copper substrates via 
chemical vapor deposition (CVD) technique [4] and 
then transferred on Au coated quartz crystals for 
quartz crystal nanobalance (QCN). CVD graphene 
was self-assembled with the stealth peptide in flow 
and the functionalization was monitored by 
measuring the frequency variation using a QCN. To 
confirm the functionalization, the samples were 
characterized with several techniques.  

Furthermore, we investigated the possibility to 
restore the pristine graphene layer applying a ramp 
of temperature, to allow the re-utilization of the 
sensor. 
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Figures 

 
Figure 1. Scheme of the interaction between a single 
Peptide-Py molecule and graphene on Au/quartz crystal. 
 

 
Figure 2. Functionalization of CVD graphene monitored by 
QCN and characterizations of the functionalized graphene 
layer. 
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Transition metal dichalcogenides (TMDs) have been 

studied as alternatives of graphene since they are 

believed to overcome limits stemming from 

�P�Œ���‰�Z���v���[�•�� �o�}�Á�� �K�E�l�K�&�&�� �Œ���š�]�}�X�� �d�D���•�� �•�}�o�À������ �š�Zis 

problem by having bandgap of about 1 eV ~ 2 eV.[1] 

Among them, 2H-molybdenum ditelluride (2H-

MoTe2) has bandgap of about 1.0 eV and high 

mobility of 200cm2V-1s-1 at room temperature was 

theoretically predicted.[2] The ON/OFF ratio was 

observed to be 5X102 and 2X103 for n-channel and 

p-channel 2H-MoTe2 field effect transistors (FETs), 

respectively.[2] Most importantly, up to 10 layers, 

2H-MoTe2 field effect transistors showed ambipolar 

characteristics which were applicable for 

reconfigurable logic circuits.[3] 

In this work, we fabricated and characterized few 

layer 2H-MoTe2 field effect transistors annealed at 

different temperatures in the range of 200~300 °C. 

The annealed 2H-MoTe2 field effect transistors 

showed balanced ambipolar behaviors while as-

fabricated ones exhibited asymmetric n-type 

dominant ambipolar behaviors. These behaviors 

could be explained by adsorption of oxygen atoms 

on the Te vacancy sites and desorption of excess Te, 

which could reduce n-doping effect. Charge trap 

memory devices based on the ambipolar 2H-MoTe2 

field effect transistors were also fabricated by 

depositing top gate dielectric layers with charge 

trap sites through atomic layer deposition method.  
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Figures 

 
Figure 1. Schematic diagram of few-layer 2H-MoTe2 
charge trap memory. 

 

 
Figure 2. Optical image of few-layer 2H-MoTe2 FETs 
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Abstract (Calibri 11) 
 
Selectively activated inorganic synaptic devices, 
showing a high on/off ratio, ultrasmall dimensions, 
low power consumption, and short programming 
time, are required to emulate the functions of high-
capacity and energy-efficient reconfigurable human 
neural systems combining information storage and 
processing. 
Here, we demonstrate that such a synaptic device 
is realized using a Ag/PbZr0.52Ti0.48O3 
(PZT)/La0.8Sr0.2MnO3 (LSMO) ferroelectric tunnel 

junction (FTJ) with ultrathin PZT (thickness of �� 4 
nm). Ag ion migration through the very thin FTJ 
enables a large on/off ratio (107) and low energy 
consumption (potentiation energy consumption = 

�� 22 aJ and depression energy consumption = �� 2.5 
pJ). In addition, the simple alignment of the 
downward polarization in PZT selectively activates 
the synaptic plasticity of the FTJ and the transition 
from short-term plasticity to long-term 
potentiation. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Resistive switching behavior. 
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